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Preface

Since the middle of the 20th century, the incidence of skin cancers such as malignant mela‐
noma is increasing most in the Caucasian population, doubling every 10 years to reach the
current rate of 10-15 new cases per year per 100,000 inhabitants. Epidemiological models
suggest that prediction is that now a person out of 75 is likely to develop a melanoma in his
lifetime. Cutaneous carcinomas are also more frequent.

Along with the increased incidence, increased mortality secondary to melanoma was ob‐
served in the second half of the twentieth century, followed by a stabilization probably related
to efforts in primary and secondary prevention. Therapeutic advances in this area have been
quite limited until recently , despite the enthusiasm generated by clinical trials of immuno‐
therapy, and encourage further efforts to organize prevention and screening compaigns.

Prevention and detection of skin cancer and melanoma in particular are important public
health goals in order to decrease the impact of these frequent tumours in young patients.
These objectives require particularly strong solidarity between GPs and dermatologists, both
in firstline for the evaluation of the skin of patients and to detect their risk factors.

Despite the fact that new recent progress in skincancer treatment have been described, and
that new targeted molecules or new therapeutic procedures help our patients, new insights
regarding skin biology are also needed to develop new strategies. Moreover interactions be‐
tween dermatologists and oncologists are mandatory: many targeted therapies developed to
treat systemic malignancies have shown important efficacy for the treatment of both cutane‐
ous malignancies and non-malignant skin disease, such as Hedgehog inhibition for basal
cell carcinoma and Rituximab for Pemphigus Vulgaris.

This Highlights in Skincancer written by leading experts in their field synthesize common
skincancer topics in clinics and research. It is not a guide intended to be a comprehensive
and exhaustive review of all the aspects of dermato-oncology but really a companion that
should help the clinicians and researchers to find important and specialized information in
this field. It is also an awareness of the close collaboration that must exist between dermatol‐
ogists and medical oncologists in the management of our patients.

Pierre Vereecken, MD, PhD
Cliderm, European Institute for Dermatology Practice and Research,

Chirec Cancer Institute, Brussels, Belgium
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1. Introduction

In  recent  years,  non-melanoma  incidence  rate  has  been  ranked  in  the  4th  place,  and
cutaneous melanoma has not been recorded in the first ten places among the most frequent
cancers in the inhabitants of the Upper Silesia. Despite high incidence rates, the progno‐
ses of the skin cancers are good, thus the cancer mortality is ranked lower than in the first
ten places [1-3]. The authors of the study have already presented epidemiological analy‐
ses  of  the  incidence  of  those  cancers  [4-7].  Thus  the  aim  of  the  present  study  was  to
continue  the  evaluation  of  the  incidence  rates  of  non-melanoma  skin  cancers  in  the
inhabitants of the Upper Silesia in 1999-2007.

The Upper Silesia Industrial Area, occupying the central part of Silesia, has been the most
industrial and most ecologically degraded area of Poland. Called the Silesia Agglomera‐
tion,  it  is  the  biggest  urban  and  industrial  agglomeration  in  the  country  assembling  a
number of big cities and industrial areas surrounding them. This affects the landscape and
living conditions of habitants. Here, the main source of pollution is the industry, especial‐
ly mining and energy industries. Heavy industry, underdeveloped as well as underinvest‐
ed, emits enormous amount of the particulate matter and gases into the atmosphere [8].

© 2013 Juszko-Piekut et al.; licensee InTech. This is an open access article distributed under the terms of the
Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

© 2013 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons 
Attribution License http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution, 
and reproduction in any medium, provided the original work is properly cited.
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Moreover, it was the most populated area of Poland where there were 393 inhabitants per
1km2.

2. Materials and methods

In a retrospective epidemiological analysis, we evaluated the statistical data of the non-
melanoma skin cancer (C44 according to the 10th revision of ICD) and the cutaneous melanoma
(C43) in the residents of the Upper Silesia, an administrative region established by the Local
Government Reorganization Act of 1998 (effective 1 January 1999). The incidence data were
obtained from the Department of Epidemiology and Silesia Cancer Registry, Maria Sklodow‐
ska-Curie Memorial Cancer Center and Institute of Oncology, Gliwice Branch. The non-
melanoma and melanoma incidence were estimated by calculating both, age-specific and
crude rates, and the standardized incidence rates (per the population of 100 000) with the use
of a direct method and “the world’s population” as a standard [9].

The cumulative risk was also calculated. The cumulative risk is the risk which an individual
would have of developing the skin non-melanoma and melanoma from birth to age74 years
if no other causes of death were in operation. Moreover, melanoma and non-melanoma skin
cancer incidence rates were estimated according to the lesion distribution over the body. The
following distribution was included into the study: the head and neck, trunk, arms and legs.

3. Results

Both non-melanoma and melanoma skin cancers belong to the group of cancers typical for the
elderly, which can be also observed in the population of Silesia, a region in Poland (Figure 1).
Incidence rates are of fundamental importance for the evaluation of a skin cancer risk due to
growing effectiveness of treatment, which is related to early diagnosis, and the skin cancer’s
frequent recurrence.

In the Upper Silesia, continuous progression of melanoma as well as non-melanocytic skin
cancers is observed. One in 60 males and one in 80 females runs a risk of developing the skin
cancer till the age of 75 years. During the discussed period, i.e. 1999-2007, 4202 cases of cancer
were recorded in men, and the standardized incidence rate was 14.96/100 000. The average age
of the analyzed male population was 66.7 years, whereas it was 67.8 in the female population.
Incidence rates increased systematically with age in both populations, and an increase in the
rates was quite strong in older age groups. When compared to young males, young females
developed the cancer more frequently, especially those aged 15–39 years. 4389 cases of skin
cancer were recorded in women, and the standardized incidence rate was 10.94/100 000. The
sex ratio was 1.37 for men due to higher incidence rates in men aged 50 years and more, and
the difference increased with age (Table 1), (Figure 2).
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Figure 1. Age-specific incidence rates for non-melanoma cancer (C44) and melanoma (C43) of the skin by sex, Upper
Silesia, 1999–2007.

Males Females

Age (years) N Rate N Rate

0-4 0 0.00 0 0.00

5- 9 1 0.09 0 0.00

10-14 1 0.07 1 0.07

15-19 4 0.23 4 0.24

20-24 3 0.17 11 0.63

25-29 14 0.86 20 1.24

30-34 28 1.92 33 2.30

35-39 34 2.36 45 3.15

40-44 119 7.28 105 6.36

45-49 157 9.00 213 11.76

50-54 306 19.75 309 18.68

55-59 391 33.73 384 29.90

60-64 540 56.45 487 43.94

65-69 688 83.57 549 53.14

70-74 751 125.56 685 77.43

Incidence of Melanoma and Non-Melanoma Skin Cancer in the Inhabitants of the Upper Silesia, Poland
http://dx.doi.org/10.5772/55239
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Males Females

Age (years) N Rate N Rate

75-79 650 185.56 721 106.04

80-84 342 223.51 476 122.62

85+ 173 204.64 346 129.19

N 4202 4389

Crude rate 20.39 19.97

ASR 14.96 10.94

Cumulative 0.02% 0.01%

Median age

Mean age

Sex ratio

N – number of cases

Crude rate – cases per 100 000

ASR – age standardized rate (World Standard Population)

Cumulative – cumulative risk (0-74 years)

Table 1. Age-specific, crude and age-standardized incidence rates of non-melanoma skin cancer (C44) among men
and women in Upper Silesia, 1999-2007.
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Figure 2. Age-specific incidence rates for non-melanoma skin cancer in males and females, Upper Silesia, 1999–2007.
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Cutaneous melanoma is significantly less frequent in comparison with non-melanoma skin
cancers, and the same is observed in Silesia. In this area, recorded malignant melanoma
incidence rates are approximately 4 times lower in men and 3 times lower in women than non-
melanoma incidence rates (Table 1, 2), (Figure 1). During the period of our studies, there were
1072 cases of cutaneous melanoma diagnosed in men, and 1282 in women. An average age of
the analyzed males was 57.3 years, whereas it was 55.5 in women, thus the age was lower than
in the case of non-melanoma cancer patients. The standardized incidence rates for the Silesian
population were 3.88/105 and 4.02/105 for males and females, respectively. Sex ratio was 0.96
for females, thus women run a slightly bigger risk of developing melanoma than men. Young
adult and middle aged females are diagnosed with melanoma more frequently than males.
Correspondingly to nonmelanocytic skin cancers, the cancer growth rate is bigger in men than
in women, however men older than 60 years develop melanoma more frequently, and the
difference increases with aging of the population (Table 2), (Figure 1, 3).

Males Females

Age (years) N Rate N Rate

0-4 0 0.00 0 0.00

5- 9 1 0.09 0 0.00

10-14 0 0.00 2 0.15

15-19 7 0.41 5 0.30

20-24 16 0.90 29 1.67

25-29 19 1.16 45 2.80

30-34 27 1.85 53 3.69

35-39 45 3.12 61 4.26

40-44 86 5.26 104 6.230

45-49 101 5.79 143 7.89

50-54 150 9.68 172 10.40

55-59 118 10.18 135 10.51

60-64 126 13.17 133 12.00

65-69 137 16.64 130 12.58

70-74 124 20.73 122 13.79

75-79 73 20.84 84 12.35

80-84 31 20.26 41 10.56

85+ 11 13.01 23 8.59

N 1072 1282

Crude rate 5.20 5.83

ASR 3.88 4.02

Cumulative 0.00% 0.00%

Median age
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Males Females

Age (years) N Rate N Rate

75-79 650 185.56 721 106.04

80-84 342 223.51 476 122.62

85+ 173 204.64 346 129.19

N 4202 4389

Crude rate 20.39 19.97

ASR 14.96 10.94

Cumulative 0.02% 0.01%

Median age

Mean age

Sex ratio

N – number of cases

Crude rate – cases per 100 000

ASR – age standardized rate (World Standard Population)

Cumulative – cumulative risk (0-74 years)

Table 1. Age-specific, crude and age-standardized incidence rates of non-melanoma skin cancer (C44) among men
and women in Upper Silesia, 1999-2007.
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Figure 2. Age-specific incidence rates for non-melanoma skin cancer in males and females, Upper Silesia, 1999–2007.
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Cutaneous melanoma is significantly less frequent in comparison with non-melanoma skin
cancers, and the same is observed in Silesia. In this area, recorded malignant melanoma
incidence rates are approximately 4 times lower in men and 3 times lower in women than non-
melanoma incidence rates (Table 1, 2), (Figure 1). During the period of our studies, there were
1072 cases of cutaneous melanoma diagnosed in men, and 1282 in women. An average age of
the analyzed males was 57.3 years, whereas it was 55.5 in women, thus the age was lower than
in the case of non-melanoma cancer patients. The standardized incidence rates for the Silesian
population were 3.88/105 and 4.02/105 for males and females, respectively. Sex ratio was 0.96
for females, thus women run a slightly bigger risk of developing melanoma than men. Young
adult and middle aged females are diagnosed with melanoma more frequently than males.
Correspondingly to nonmelanocytic skin cancers, the cancer growth rate is bigger in men than
in women, however men older than 60 years develop melanoma more frequently, and the
difference increases with aging of the population (Table 2), (Figure 1, 3).
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Males Females

Age (years) N Rate N Rate

Mean age

Sex ratio

N – number of cases

Crude rate – cases per 100 000

ASR – age standardized rate (World Standard Population)

Cumulative – cumulative risk (0-74 years)

Table 2. Age-specific, crude and age-standardized incidence rates of cutaneous melanoma (C43) among men and
women in Upper Silesia, 1999-2007.
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Figure 3. Age-specific incidence rates for cutaneous melanoma in males and females, Upper Silesia, 1999–2007.

Cutaneous melanoma affects mainly young adults. Our collected data show that in people
younger than 40 years there are 10.7% of cases of cancer in men and 15.2 % in women. Just to
compare, we can say that for non-melanoma skin cancers the percentage was 2% and 2.6% for
men and women, respectively, whereas the incident cases of all cancers for all those age groups
are 4.1% and 5.6% for men and women, respectively. The results suggest that there are 2
epidemiology reference groups of a melanoma incidence rate for the young and old subgroups,
which corresponds to the observations from other parts of Europe [10-15].

When the incidence rates for non-melanomatous skin cancers were compared in relation to
the part of the patient’s body affected by neoplastic lesions, it was concluded that there were

Highlights in Skin Cancer6

statistically significant differences between males and females, namely more men developed
cancers in all studied cancer sites. Such results were most evidently observed for arms (sex
ratio M:F 1.86) and trunk (sex ratio M:F 1.71) (Table 3), (Figure 4, 5).

Males Females Sex ratio

N ASR N ASR 95% CI

overall 4202 14.96 4383 10.94 1.37 1.31-1.43

Head & neck (C44.0-4) 3124 11.13 3402 8.43 1.32 1.25-1.39

Lip & eyelid (C44.0-1) 429 1.51 562 1.48

external ear (C44.2) 376 1.34 98 0.24

face (C44.3) 2035 7.26 2517 6.15

Scalp & neck (C44.4) 284 1.01 225 0.56

trunk (C44.5) 432 1.54 327 0.90 1.71 1.47-1.99

arms (C44.6) 185 0.67 142 0.36 1.86 1.47-2.35

legs (C43.7) 187 0.66 227 0.54 1.23 1.01-1.51

unspecified (C44.8-9) 247 0.97 291 0.71

N – number of cases

ASR – age standardized rate (World Standard Population)

Table 3. Site-specific rate ratios of non-melanoma skin cancer (C44) in Upper Silesia, 1999-2007.
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Figure 4. Incidence rates of non-melanoma skin cancer for head and neck in males and females by 5-year age groups,
Upper Silesia, 1999-2007.
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Age (years) N Rate N Rate

Mean age

Sex ratio

N – number of cases

Crude rate – cases per 100 000

ASR – age standardized rate (World Standard Population)

Cumulative – cumulative risk (0-74 years)

Table 2. Age-specific, crude and age-standardized incidence rates of cutaneous melanoma (C43) among men and
women in Upper Silesia, 1999-2007.
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Figure 3. Age-specific incidence rates for cutaneous melanoma in males and females, Upper Silesia, 1999–2007.

Cutaneous melanoma affects mainly young adults. Our collected data show that in people
younger than 40 years there are 10.7% of cases of cancer in men and 15.2 % in women. Just to
compare, we can say that for non-melanoma skin cancers the percentage was 2% and 2.6% for
men and women, respectively, whereas the incident cases of all cancers for all those age groups
are 4.1% and 5.6% for men and women, respectively. The results suggest that there are 2
epidemiology reference groups of a melanoma incidence rate for the young and old subgroups,
which corresponds to the observations from other parts of Europe [10-15].

When the incidence rates for non-melanomatous skin cancers were compared in relation to
the part of the patient’s body affected by neoplastic lesions, it was concluded that there were
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statistically significant differences between males and females, namely more men developed
cancers in all studied cancer sites. Such results were most evidently observed for arms (sex
ratio M:F 1.86) and trunk (sex ratio M:F 1.71) (Table 3), (Figure 4, 5).
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arms (C44.6) 185 0.67 142 0.36 1.86 1.47-2.35

legs (C43.7) 187 0.66 227 0.54 1.23 1.01-1.51
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N – number of cases

ASR – age standardized rate (World Standard Population)

Table 3. Site-specific rate ratios of non-melanoma skin cancer (C44) in Upper Silesia, 1999-2007.
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Figure 4. Incidence rates of non-melanoma skin cancer for head and neck in males and females by 5-year age groups,
Upper Silesia, 1999-2007.
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Figure 5. Incidence rates of non-melanoma skin cancer in males and females by 5-year age groups and anatomic site
except head and neck, Upper Silesia, 1999-2007.

The majority of the lesions was localized on the head and neck (C44.0-C44.4), i.e. 74% of all
neoplastic lesions in men and 78% in women. Most of the lesions were on the face (C 44.3), i.e.
48% and 57% in men and women, respectively. The standardized incidence rate for this cancer
site (head and neck) was 11.13/100 000 in men and 8.43/100 000 in women. When compared to
female patients, the incidence rates of the skin cancer localized on the head and neck are
growing in males aged over 50 years, and the rates are two times higher in those aged more
than 75 years, whereas among younger generations more lesions were recorded in young
females (Table 3), (Figure 4).

The sites of neoplastic lesions in females were ranked in the following order: trunk (C44.5),
legs (C44.7) and arms (C 44.6), whereas in males they were on the trunk (C44.5), arms (C44.6)
and legs (C44.7). The analysis showed that young females developed skin cancers of such
localizations more frequently than males. Higher incidence rates for males than for females
were recorded for the lesions on the trunk, legs and arms in patients older than 35. A strong
increase was recorded for patients older than 50, and the trend persisted until old age. To sum
up, it can be observed that the incidence rates related to the cancer sites are systematically
increasing with age in both populations (Table 3), (Figure 5).

A specific cancer site of melanoma is sex dependent. In males, the most commonly affected
body part is the trunk (especially neoplastic lesions in elderly men), whereas they are legs in
females, which is also observed in the inhabitants of Silesia (Table 4), (Figure 6, 7). Among all
the cases of melanoma diagnosed in male inhabitants of the Upper Silesia, most of the lesions,
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namely 48%, were on the trunk (C43.5). Such neoplastic lesions are equally frequent in women
until they are aged 50 years, but in older patients the female incidence rates decreased, whereas
the male rates increased strongly. In cancer patients aged 65-79 years, the male incidence rates
for the trunk were 4 times higher than the female ones. In older men, the main cancer site is
the trunk.

In females, in 38% of cases, the lower limbs were affected by cancer (C43.7), and a strong
increase in the incidence rate was recorded for women aged 40-79 years. Such cancer site is 3
times more frequent in females than in males. We should emphasize that young females
develop the skin cancer more frequently than young men, and the highest incidence rate for
melanoma on legs were recorded for women aged 65-79 years. What is more, female incidence
rates of melanoma for such a site are higher than male ones until old age. The incidence rate
decreased in both population in the oldest age groups.

Arms are a frequent site of melanoma both in males and females (C43.6). In the group of
patients younger than 70 years, higher incidence rates are recorded for females, whereas in
those older than 70 years the incidence rates are 2 times higher in men than in women. The
incidence rates increased systematically with age in both populations (Table 3, 4), (Figure 6, 7).

Summing up, until 50 years of age the body parts affected by melanomas are ranked in the
following order in women: legs, trunk, arms, head and neck, whereas the order is the trunk,

Males Females Sex ratio

N ASR N ASR 95% CI

overall 1072 3.88 1282 4.02 0.96 0.89-1.05

Head & neck (C43.0-4) 151 0.54 180 0.52 1.03 0.82-1.29

Lip & eyelid (C43.0-1) 23 0.08 25 0.07

external ear (C43.2) 15 0.05 16 0.05

face (C43.3) 57 0.20 106 0.29

Scalp & neck (C43.4) 56 0.21 33 0.12

trunk (C43.5) 511 1.85 305 1.00 1.85 1.60-2.14

arms (C43.6) 147 0.53 225 0.72 0.74 0.60-0.91

legs (C43.7) 161 0.59 494 1.55 0.38 0.32-0.45

unspecified (C43.8-9) 102 0.37 78 0.23

N – number of cases

ASR – age standardized rate (World Standard Population)

Table 4. Site-specific rate ratios of cutaneous melanoma (C43) in Upper Silesia, 1999-2007.
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Figure 5. Incidence rates of non-melanoma skin cancer in males and females by 5-year age groups and anatomic site
except head and neck, Upper Silesia, 1999-2007.

The majority of the lesions was localized on the head and neck (C44.0-C44.4), i.e. 74% of all
neoplastic lesions in men and 78% in women. Most of the lesions were on the face (C 44.3), i.e.
48% and 57% in men and women, respectively. The standardized incidence rate for this cancer
site (head and neck) was 11.13/100 000 in men and 8.43/100 000 in women. When compared to
female patients, the incidence rates of the skin cancer localized on the head and neck are
growing in males aged over 50 years, and the rates are two times higher in those aged more
than 75 years, whereas among younger generations more lesions were recorded in young
females (Table 3), (Figure 4).

The sites of neoplastic lesions in females were ranked in the following order: trunk (C44.5),
legs (C44.7) and arms (C 44.6), whereas in males they were on the trunk (C44.5), arms (C44.6)
and legs (C44.7). The analysis showed that young females developed skin cancers of such
localizations more frequently than males. Higher incidence rates for males than for females
were recorded for the lesions on the trunk, legs and arms in patients older than 35. A strong
increase was recorded for patients older than 50, and the trend persisted until old age. To sum
up, it can be observed that the incidence rates related to the cancer sites are systematically
increasing with age in both populations (Table 3), (Figure 5).

A specific cancer site of melanoma is sex dependent. In males, the most commonly affected
body part is the trunk (especially neoplastic lesions in elderly men), whereas they are legs in
females, which is also observed in the inhabitants of Silesia (Table 4), (Figure 6, 7). Among all
the cases of melanoma diagnosed in male inhabitants of the Upper Silesia, most of the lesions,
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namely 48%, were on the trunk (C43.5). Such neoplastic lesions are equally frequent in women
until they are aged 50 years, but in older patients the female incidence rates decreased, whereas
the male rates increased strongly. In cancer patients aged 65-79 years, the male incidence rates
for the trunk were 4 times higher than the female ones. In older men, the main cancer site is
the trunk.

In females, in 38% of cases, the lower limbs were affected by cancer (C43.7), and a strong
increase in the incidence rate was recorded for women aged 40-79 years. Such cancer site is 3
times more frequent in females than in males. We should emphasize that young females
develop the skin cancer more frequently than young men, and the highest incidence rate for
melanoma on legs were recorded for women aged 65-79 years. What is more, female incidence
rates of melanoma for such a site are higher than male ones until old age. The incidence rate
decreased in both population in the oldest age groups.

Arms are a frequent site of melanoma both in males and females (C43.6). In the group of
patients younger than 70 years, higher incidence rates are recorded for females, whereas in
those older than 70 years the incidence rates are 2 times higher in men than in women. The
incidence rates increased systematically with age in both populations (Table 3, 4), (Figure 6, 7).

Summing up, until 50 years of age the body parts affected by melanomas are ranked in the
following order in women: legs, trunk, arms, head and neck, whereas the order is the trunk,
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Table 4. Site-specific rate ratios of cutaneous melanoma (C43) in Upper Silesia, 1999-2007.
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legs, arms, head and neck in men. At this age, the risk of developing melanomas in all parts
of the body (except the torso) is higher for women than for men. On the other hand, in patients
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Figure 6. Incidence rates of cutaneous melanoma in males by 5-year age groups and anatomic site, Upper Silesia,
1999-2007.
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Figure 7. Incidence rates of cutaneous melanoma in females by 5-year age groups and anatomic site, Upper Silesia,
1999-2007.
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over 50 years of age the rate of melanomas increases with age on legs and decreases for the
trunk in women, but in men the rate increases for the trunk, however melanoma develops
more slowly on legs.

When both types of skin cancers are compared, we can notice that the rates increase system‐
atically with age. The incidence rate of non-melanoma skin cancer, in comparison with
melanoma, is 4 times higher in men and 2.5 times higher in women. The distribution of age-
specific incidence rates indicates a strong increase in melanoma rates in patients until 40 years
of age. Yet over 40 years of age, namely with aging of the population, a strong increase in the
rates of non-melanoma skin cancers can be observed. In the oldest age groups of men and
women, the incidence rate is approximately 12 times higher than for melanoma.

The analyzed skin cancers differ in terms of the ratios of affected body parts. Huge dispro‐
portions between non-melanoma skin cancer and melanoma are recorded for the face. In men,
non-melanoma skin cancers on the face comprise 48% of all skin cancers, whereas melanoma
comprises 5%, while in women, it is 57% in case of non-malignant skin cancers and 8% for
melanoma.

4. Discussion

Malignant neoplasms of the skin constitute the most numerous group of human malignancies,
especially among representatives of a Caucasian race in the subtropical region. The two main
groups of the skin cancer are non-melanomas and malignant melanoma.

The skin cancer incidence rates(C44,C43) are continually increasing in the world population
[10-21]. In Poland, an increasing trend has also been recorded for all age groups since the 1970s,
and according to the estimations this upward trend will continue in future [19]. A systematic
increase in the rates is also observed in the Silesian population [2,3,20]. In 2009, all skin cancers,
including melanoma, constituted above 8% of all malignant neoplasms in male and female
inhabitants of Silesia. We can compare it with the values recorded for Poland, namely 8% of
cases in men and 9% in women [18]. The results presented in the tables 1 and 2 indicate that a
risk of non-melanomas and melanoma in young and middle aged adults is higher for females,
whereas it is higher for men in the other age groups, especially in those aged over 50 years. In
the years 1999-2003, an increased incidence rate was recorded for both skin cancer types in
men aged 55 years. Both skin cancer types are more frequent in young women than in men,
however the skin cancer growth rate in the population of middle aged adults is higher for men,
and the difference increases with age. Similar situation has been observed in all regions of
Poland [18,19], in Europe, and in the world population [10,16].

Standardized incidence rates of skin cancers were higher in the years 1999-2007 than the
published values referring to the earlier periods [4-7,17]. In 1999-2003, the male standardized
incidence rate of non-melanoma skin cancer was 13.50, whereas it was 9.70 for women. The
incidence rate was 14.0 and 10.2 for men and women, respectively, in the years 1999-2005 [6].
During the analyzed period, i.e. 1999-2007, the value of male incidence rate increased up to
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legs, arms, head and neck in men. At this age, the risk of developing melanomas in all parts
of the body (except the torso) is higher for women than for men. On the other hand, in patients
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Figure 6. Incidence rates of cutaneous melanoma in males by 5-year age groups and anatomic site, Upper Silesia,
1999-2007.
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Figure 7. Incidence rates of cutaneous melanoma in females by 5-year age groups and anatomic site, Upper Silesia,
1999-2007.

Highlights in Skin Cancer10

over 50 years of age the rate of melanomas increases with age on legs and decreases for the
trunk in women, but in men the rate increases for the trunk, however melanoma develops
more slowly on legs.

When both types of skin cancers are compared, we can notice that the rates increase system‐
atically with age. The incidence rate of non-melanoma skin cancer, in comparison with
melanoma, is 4 times higher in men and 2.5 times higher in women. The distribution of age-
specific incidence rates indicates a strong increase in melanoma rates in patients until 40 years
of age. Yet over 40 years of age, namely with aging of the population, a strong increase in the
rates of non-melanoma skin cancers can be observed. In the oldest age groups of men and
women, the incidence rate is approximately 12 times higher than for melanoma.

The analyzed skin cancers differ in terms of the ratios of affected body parts. Huge dispro‐
portions between non-melanoma skin cancer and melanoma are recorded for the face. In men,
non-melanoma skin cancers on the face comprise 48% of all skin cancers, whereas melanoma
comprises 5%, while in women, it is 57% in case of non-malignant skin cancers and 8% for
melanoma.

4. Discussion

Malignant neoplasms of the skin constitute the most numerous group of human malignancies,
especially among representatives of a Caucasian race in the subtropical region. The two main
groups of the skin cancer are non-melanomas and malignant melanoma.

The skin cancer incidence rates(C44,C43) are continually increasing in the world population
[10-21]. In Poland, an increasing trend has also been recorded for all age groups since the 1970s,
and according to the estimations this upward trend will continue in future [19]. A systematic
increase in the rates is also observed in the Silesian population [2,3,20]. In 2009, all skin cancers,
including melanoma, constituted above 8% of all malignant neoplasms in male and female
inhabitants of Silesia. We can compare it with the values recorded for Poland, namely 8% of
cases in men and 9% in women [18]. The results presented in the tables 1 and 2 indicate that a
risk of non-melanomas and melanoma in young and middle aged adults is higher for females,
whereas it is higher for men in the other age groups, especially in those aged over 50 years. In
the years 1999-2003, an increased incidence rate was recorded for both skin cancer types in
men aged 55 years. Both skin cancer types are more frequent in young women than in men,
however the skin cancer growth rate in the population of middle aged adults is higher for men,
and the difference increases with age. Similar situation has been observed in all regions of
Poland [18,19], in Europe, and in the world population [10,16].

Standardized incidence rates of skin cancers were higher in the years 1999-2007 than the
published values referring to the earlier periods [4-7,17]. In 1999-2003, the male standardized
incidence rate of non-melanoma skin cancer was 13.50, whereas it was 9.70 for women. The
incidence rate was 14.0 and 10.2 for men and women, respectively, in the years 1999-2005 [6].
During the analyzed period, i.e. 1999-2007, the value of male incidence rate increased up to
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14.96, whereas the female rate reached a value of 10.94. In the years 1999–2003, an average
annual non-melanoma incidence rate increased by 4.2% in men and by 4.8% in women. The
sex ratio M:F was 1.1, but it increased to 1.37 during the presently studied period, which
indicates a bigger risk of non-melanoma skin cancer for men than for women. In the first
studied period, one in 68 male inhabitants of the Upper Silesia and one in 91 female ones could
develop non-melanoma skin cancer, whereas in the years 1999-2005 one in 62 men and one in
87 women could be affected. The risk of developing the cancer until the age 74 years was still
increasing, and in the years 1999-2007 one in 60 men and one in 80 women could develop non-
melanoma skin cancer. On the other hand, one in 227 men and one in 232 women could develop
malignant melanoma over this studied period.

In Silesia, cutaneous melanoma is diagnosed in men 4 and in women 2.5 times less frequently
than non-melanomas, and this ratio is similar in the rest of Europe [10,14]. However, a slightly
higher risk of cancer is recorded for men younger than 74 years than for women. Over a quite
long period of time, an upward trend have been observed for both sexes. The results of our
previous analyses in the years 1985-1989:1990-1994:1995-1998 show that incidence rates were
increasing systematically.

In men, the consecutive incidence rates were 1.92, 2.69, and 2.86, while a cumulative risk was
0.20%, 0.32%,and 0.33% [17]. In the following years, a further progression of cancer was
recorded, namely, in1999-2003 the incidence rate was 3.53 and the risk was 0.40% [4]. In the
years 1999-2007, the highest incidence rate and the biggest cumulative risk were recorded, i.e.
3.88 and 0.44%, respectively, for men.

In the years 1985-1989:1990-1994:1995-1998, the following female incidence rates were regis‐
tered:2.13, 2.56, and 3.11, while a cumulative risk was 0.21%, 0.26%, and 0.32% [17]. In
1999-2003, the incidence rate increased to 3.72, whereas a risk of cutaneous melanoma was
0.4% for women, which indicates that both sexes ran a similar risk of developing the cancer
over this period of time [4,21].

In the previous years, men ran a slightly higher risk of cancer than women, though women
developed the skin cancer more frequently, and such a trend is also observed at present. In the
analyzed period of time, a standardized rate per 100 000 was also high for women, i.e. 4.02. The
sex ratio M:F was 0.96 and it was unfavorable for women like in the previous years. To com‐
pare, the sex ratio M:F was 0.97 in the 1985-1998, and 0.95 in 1999-2003. This trend is similar to
the one observed in Germany in the 1990s, where the incidence rates were equal for both sexes.
However, cutaneous melanoma incidence rate recorded in Australia is higher for men [22].

In comparison to the age of non-melanoma patients (men 66.7; women 67.8), an average age
suggests that malignant melanoma affects younger population in Silesia (men 57.3; women
55.5). It is worrying that the incidence rates are increasing for both sexes in all age groups in
Silesia (C44 and C43). What is more, the age of afflicted persons is decreasing, especially in
women, which is in agreement with observed world trends [6,22-24]. Additionally, the values
of male and female incidence rates of non-melanoma skin cancers are getting equal in older
age groups, whereas cutaneous melanoma rates are reaching similar values in younger age
groups. This might indicate that in future more cases of non-melanoma skin cancers will be
diagnosed in older women, and more younger men will develop melanoma.

Highlights in Skin Cancer12

When the non-melanoma and melanoma incidence rates are compared, it can be observed that
in the Silesian population, people younger than 40 years developed mainly cutaneous
melanoma. In people older than 40 years, there is a strong increase in the non-melanoma
incidence rate with aging of the population. Both in the oldest male and female age groups,
non-melanoma incidence rate is approximately 12 times higher than melanoma incidence rate.

The number of epidemiological studies on the non-melanoma and melanoma incidence and
mortality rates in the inhabitants of the Upper Silesia is more than modest. In this area of
Poland, the etiology of those cancers was poorly defined, since very first publications on the
non-melanoma incidence and mortality rates in the inhabitants of the Upper Silesia pertained
to the years 1985–1993. During that period, the ratio of histologically confirmed non-melanoma
skin cancers held rather steady. The standardized rate for the Silesia was 6.3 per 100,000, and
it was 6.4 per 100,000 in the cities. The carcinomas were recorded in males aged 10-15 years,
and they were diagnosed until a very old age with evident increase in the incidence rate from
35 to 39 years of age [5,21].

Melanoma and non-melanoma skin cancers (NMSC) are now the most common types of cancer
in white populations. Both cancers show an increasing incidence rate worldwide, but a stable
or decreasing mortality rate. The rising incidence rates of NMSC may be caused by a combi‐
nation of increased sun exposure or exposure to ultraviolet (UV) light, higher levels of outdoor
activities, changes in clothing style, increased longevity, ozone depletion, genetics and
immune suppression in some cases. A dose-dependent increase in the risk of squamous cell
carcinoma (SCC) of the skin was found to be associated with exposure to psoralen and UVA
irradiation. Intensive UV exposure in childhood and adolescence was a causative factor of
basal cell carcinoma (BCC), whereas early chronic UV exposure was considered the cause of
SCC [22]. In Poland, UVI (ultraviolet index) rarely exceeds 7, i.e. a value indicating a high UV
radiation intensity [25].

An increase in incidence rates of skin cancers can also be caused by frequency of other risk
factors such as oncogenic viruses or immunosuppressive drugs [26-28]. Other factors favorable
for developing the skin cancer are post-burn scars, excessive keratosis, cutaneous horn,
leukoplakia, xerodermapigmentosum (XP), nevoid basal cell carcinoma syndrome, and
Bowen’s disease (squamous cell carcinoma in situ). Immunological mechanisms may be
involved in the pathogenesis of melanoma. Genetic predisposition is associated with about
10% of cases, and a number of genes whose mutations are a direct cause of cancer. The best
known genes associated with familial melanoma include CDK4 (12q14), P16 (9p21) and CMM1
(1p36) [22,29-31].

The incidence of cutaneous melanoma is most rapidly increasing among all cancer rates in
white populations. Its incidence is closely associated with constitutive skin color, and depends
on a geographical zone. The highest incidence rates have been reported in Queensland,
Australia, with 56 new cases per 100,000 men and 43 per 100,000 women per year. Mortality
rates of melanoma have stabilized in the USA, Australia and also in European countries.
Neoplastic lesion thickness is the most important prognostic factor for the primary melanoma.
For the last two decades, thin melanomas have been diagnosed more frequently. Epidemio‐
logical studies have confirmed the hypothesis that the majority of all melanoma cases are
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In Silesia, cutaneous melanoma is diagnosed in men 4 and in women 2.5 times less frequently
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0.20%, 0.32%,and 0.33% [17]. In the following years, a further progression of cancer was
recorded, namely, in1999-2003 the incidence rate was 3.53 and the risk was 0.40% [4]. In the
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0.4% for women, which indicates that both sexes ran a similar risk of developing the cancer
over this period of time [4,21].
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developed the skin cancer more frequently, and such a trend is also observed at present. In the
analyzed period of time, a standardized rate per 100 000 was also high for women, i.e. 4.02. The
sex ratio M:F was 0.96 and it was unfavorable for women like in the previous years. To com‐
pare, the sex ratio M:F was 0.97 in the 1985-1998, and 0.95 in 1999-2003. This trend is similar to
the one observed in Germany in the 1990s, where the incidence rates were equal for both sexes.
However, cutaneous melanoma incidence rate recorded in Australia is higher for men [22].

In comparison to the age of non-melanoma patients (men 66.7; women 67.8), an average age
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55.5). It is worrying that the incidence rates are increasing for both sexes in all age groups in
Silesia (C44 and C43). What is more, the age of afflicted persons is decreasing, especially in
women, which is in agreement with observed world trends [6,22-24]. Additionally, the values
of male and female incidence rates of non-melanoma skin cancers are getting equal in older
age groups, whereas cutaneous melanoma rates are reaching similar values in younger age
groups. This might indicate that in future more cases of non-melanoma skin cancers will be
diagnosed in older women, and more younger men will develop melanoma.
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nation of increased sun exposure or exposure to ultraviolet (UV) light, higher levels of outdoor
activities, changes in clothing style, increased longevity, ozone depletion, genetics and
immune suppression in some cases. A dose-dependent increase in the risk of squamous cell
carcinoma (SCC) of the skin was found to be associated with exposure to psoralen and UVA
irradiation. Intensive UV exposure in childhood and adolescence was a causative factor of
basal cell carcinoma (BCC), whereas early chronic UV exposure was considered the cause of
SCC [22]. In Poland, UVI (ultraviolet index) rarely exceeds 7, i.e. a value indicating a high UV
radiation intensity [25].
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on a geographical zone. The highest incidence rates have been reported in Queensland,
Australia, with 56 new cases per 100,000 men and 43 per 100,000 women per year. Mortality
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For the last two decades, thin melanomas have been diagnosed more frequently. Epidemio‐
logical studies have confirmed the hypothesis that the majority of all melanoma cases are

Incidence of Melanoma and Non-Melanoma Skin Cancer in the Inhabitants of the Upper Silesia, Poland
http://dx.doi.org/10.5772/55239

13



caused, at least in part, by excessive exposure to sunlight. Unlike squamous cell carcinoma, a
melanoma risk does not seem to be associated with cumulative, but rather intermittent
exposure to sunlight [22,32].

The basal cell carcinoma incidence rate increases linearly with the UV intensity. The increase
in the incidence rate is proportional to the distant to the equator, and a squamous cell carci‐
noma incidence rate is doubled with decreasing latitude by every 8-10 degrees. On the equator,
UV dose per unit of time is by 30% higher than in the south of the United States, and by 200%
higher than in Europe, and in the northern part of the US [27,33-35]. An increase in the intensity
of UV radiation that reaches the earth surface is explained by continuous and significant
reduction of the ozone layer [31,36,37]. In Australia, Brazil and the USA, the skin cancer
incidence rates are higher than in Northern, Central and Eastern Europe since there the sun
exposure is proportionally higher than in Europe [38].

Non-melanoma skin cancers (NMSC) are the most common cancers diagnosed in the United
States. Over 1 million new cases of basal and squamous cell carcinomas of the skin are
diagnosed annually, and the exposure to UV radiation is a leading risk factor [39]. The
ultraviolet (UV) band of the solar radiation is often divided into three sub-bands, namely, UV-
C (wavelengths less than 280 nm); UV-B (280-320 nm), and UV-A (32-400 nm) when consid‐
ering the biological effects. The atmosphere blocks the Sun’s output of UV-C range (highly
dangerous for plants and animals). UV radiation at the Earth’s surface consists mostly of UV-
A and UV-B. Ozone absorbs much of the UV-B radiation but this absorption weakens as a
wavelength of 320 nm is approached. Life on the Earth is particularly affected by this part of
the solar spectrum. An overexposure to UV-B radiation causes skin reddening and reduction
of vitamin-D synthesis (result of a short-term overexposure), and the more serious skin cancer
developing after long-term overexposure. Yet higher skin cancer incidence rates are recorded
in Brazil, and they are related to a higher UVI as well as higher ozone concentration in the air.
The UVI has strong seasonal variability in regions and parts of the year [38]. It can also be
observed in Silesia, since the mountainous part of this region (i.e. Bielsko-Biała region) has
higher non-melanomas and melanoma incidence rates than other regions of Silesia [4,5].

In Silesia, increased rates are recorded for women and men, however squamous skin carcinoma
is more frequent in men [5]. The most common non-melanoma is basal cell carcinoma (BCC)
diagnosed in 80% of cases, and squamous cell carcinoma, which originates in the malpighian
layer, and is developed by 20% of patients. Our previously published studies showed that in
the years 1999-2005, the ratio of basal cell carcinoma to squamous cell carcinoma was 4:1 and
7:1 for the male and female populations, respectively [6]. This can be related to the fact that
men more frequently work outdoors and practice outdoor sports. Non-melanoma skin cancers,
which are almost 100% curable, may occur in people who are overexposed for very long
periods of time, like farmers, or construction workers and postal workers, street peddlers and
other informal workers in cities [40].

The incidence rate may also be related to the exposure to other occupational factors, e.g.
employment in industry. Silesia is the most industrialized region of Poland, where intensive
development of industry began in the 19th century and continued in the 20th century.

Highlights in Skin Cancer14

Arsenic and its inorganic compounds is one of the factors that play a special role in the
pathogenesis of skin cancers related to the industrial exposure[41,42]. In Slovakia, for instance,
in the Prievidza region, elevated concentration of arsenic in the air and soil near the power
plant where coal is used for heating, increased the incidence rate of skin cancers [43]. Special
attention should be paid to this factor in the Upper Silesia since there are several power plants,
thermal-electric power plants and coking plants in which coal is used. Additionally, skin
cancer development is induced by groundwater or drugs contaminated by arsenic
[26,27,42,44-46].

In the 1970s, there was an increase in the number of people who spent their vacations in the
sunny areas of Europe and Northern Africa. Nowadays, India or Central America have also
become vacation destination. People also tend to spend their weekends in the nearby moun‐
tainous region of Bielsko-Biała. What is more, suntan has been regarded as the symbol of social
status, which imposes taking additional doses of UV radiation in solar salons, especially during
those seasons when there is little sunshine in our climate zone.

The malignant melanoma incidence rate is sex and age dependent [22,26]. In countries where
the malignant melanoma incidence rate is low, the rate is usually higher for women than for
men, whereas a different trend is observed in the USA. When compared to men, American
women younger than 40 years run a slightly bigger risk of skin cancer, while in persons over
40 years the proportion changes and the risk is higher for men. The differences are getting
bigger with aging of the population [17,23].

The shape of age-related incidence curve for the inhabitants of the Upper Silesia is similar to
the one for the US population, however a significant increase in the male incidence rate is
recorded in those aged 50 years [23]. Our studies indicate that a male incidence rate has clearly
increased in older age groups over the years [4,5,17], and in the nearest future the incidence
rate in male inhabitants of the Upper Silesia may increase especially for elderly males. It can
also be concluded that soon the age of the population in which more men than women will be
affected by the skin cancer will decrease.

The fact that melanoma and non-melanoma skin cancers are more frequently diagnosed in
inhabitants of regions with intensive insolation can suggest that a total UV dose may have a
significant effect on developing skin cancers, which was also confirmed by our analyses. The
mountainous Bielsko-Biała region with low air pollution and high UV radiation had the highest
melanoma incidence rate in the whole Upper Silesia [4,5].

The highest risk of developing cutaneous melanoma occurs due to occasional solar exposure,
which can be called recreational one. This especially applies to childhood years and repeated
sunburns. It was established that as much as 80% of total solar exposure in a lifetime falls on
the first 18 years. Multivariate analysis shows that in individuals who suffered from repeated
sunburns when they were younger than 18 years, the risk of developing the cancer increases
almost 6.5 times [2-5,17,21,47,48]. Nowadays, it is agreed that suffering from sunburns in
childhood, especially before the age of 12 years, is a significant risk factor of cutaneous
melanoma [22,47]. In children with sunburns, a decrease in 7-dehydrocholesterol level,
converted into vitamin D3 in the skin, was recorded even 14 months after sunburn. Corre‐
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The fact that melanoma and non-melanoma skin cancers are more frequently diagnosed in
inhabitants of regions with intensive insolation can suggest that a total UV dose may have a
significant effect on developing skin cancers, which was also confirmed by our analyses. The
mountainous Bielsko-Biała region with low air pollution and high UV radiation had the highest
melanoma incidence rate in the whole Upper Silesia [4,5].

The highest risk of developing cutaneous melanoma occurs due to occasional solar exposure,
which can be called recreational one. This especially applies to childhood years and repeated
sunburns. It was established that as much as 80% of total solar exposure in a lifetime falls on
the first 18 years. Multivariate analysis shows that in individuals who suffered from repeated
sunburns when they were younger than 18 years, the risk of developing the cancer increases
almost 6.5 times [2-5,17,21,47,48]. Nowadays, it is agreed that suffering from sunburns in
childhood, especially before the age of 12 years, is a significant risk factor of cutaneous
melanoma [22,47]. In children with sunburns, a decrease in 7-dehydrocholesterol level,
converted into vitamin D3 in the skin, was recorded even 14 months after sunburn. Corre‐
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spondingly, low levels of an active form of vitamin D3 was diagnosed in malignant melanoma
patients [49,50].

Skin cancers are neoplastic lesions typical for elderly people. However, cutaneous melanoma
is disproportionally more frequently diagnosed in young adults. Cutaneous melanoma is
assumed to occur after 20-40 years since the exposure to a risk factor, e.g. ultraviolet (UV)
radiation. Thus, the incidence rates of cohorts consisting of the inhabitants of the Upper Silesia
from 1978 and 1998, respectively, were compared. After 20 years, a significant increase in the
number of neoplastic lesions could be seen among the people who were young then [17].

Numerous studies suggest that solar exposure is not the only but a highly probable environ‐
mental risk factor in developing malignant melanoma, especially in the population where
cutaneous melanotic nevi (‘moles’) do not occur. Solar exposure may play varied roles in
etiology of malignant melanoma [6,32,51,52]. UV radiation is a significant carcinogenic factor
in people but only one of about 60 risk factors recognized by WHO [53]. It was observed that
in people with diagnosed elastosis, the mortality rate due to malignant melanoma was half of
the rate recorded in individuals who were not afflicted by the disease.

The positive influence of sunlight is related to its role in the synthesis of the vitamin D3 in
human body. A direct reaction which occurs in the skin after UVB exposure is the synthesis
of inactive form of the vitamin D3, i.e. cholecalciferol, into an active form, i.e. 1.25- dihydrox‐
yvitamin, which has a diversified, beneficial effect on cells since it induces apoptosis in many
disease processes. The vitamin D3 inhibits proliferation and induces differentiation of
melanoma cells. The ability to convert provitamin into an active form of the vitamin D3 is
highly impaired in the residents of northern latitudes. Populations living far from the equator
may suffer from vitamin D3 deficiency during winter months [54]. Consequently, a low level
of 1.25-dihydroxyvitamin is detected in malignant melanoma patients’ serum. The opinion
that sunlight might have a healthful effect on certain types of cancers has been around for a
few decades [53]. When compared to the southern states inhabitants, increased mortality rates
were reported for leading cancer types including breast, prostate and colon cancers in
individuals of Caucasian race who inhibit northern states of the USA [55]. In 1990, the vitamin
D3 was mentioned as a factor which could explain the differences in geographic distribution
of the mortality rates [56]. In individuals who regularly spend some time outdoors, the vitamin
D3 deficiency decreases. Thus, this hypothesis may elucidate not entirely expected protective
effects of sunscreens [57]. High SPF value of sunscreen products can fully block the vitamin
D3 synthesis in the skin, which is undesirable. Sun tanning serves as a protection against
sunlight since melanin granules absorb the sunlight and, to some extent, neutralize the
negative effect of UBV, e.g. by promoting degradation of connective tissue due to the damage
of collagen fibers and elastin, or inducing DNA mutation which can result in neoplastic
transformation [49-51].

This is consistent with the observations that people working outdoors with certain intervals
run lower risk of developing malignant melanoma localized in the skin exposed to UV
radiation than people who work indoors [58-60]. Continuous sun exposure may reduce a risk
of sunburns, which are a known etiologic factors of malignant melanoma. What is more,
smaller vitamin D3 deficiency in individuals who are regularly exposed to sunlight can serve
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as another explanation for low malignant melanoma incidence rate values [54]. However, it is
only an assumption which should be confirmed by further studies, since all the effects of
vitamin D and its receptors are not completely known.

The worldwide incidence trends are reflected by the skin cancer incidence rates in the Upper
Silesia, namely, the highest rates are recorded in older age groups, which may result from the
accumulating of risk factors over time and a continuous increase of life span. Our results show
that there are 2 different groups of epidemiological factors of malignant melanoma for young
and old age subgroups, which was also observed by other authors [12].

Distribution of non-melanomas (head and neck) and malignant melanoma (trunk) correspond
to the worldwide trends, too [22,47,48,61]. Longer exposure to sunlight may be a causative
factor of skin cancers developed on the head, neck, trunk and lower limbs [17,50].

Basal cell carcinoma (BCC), which is the most common among non-melanomas and constitutes
75%-86% of all cases, occurs on the head and neck a slightly more frequently in men [62,63].
In the Upper Silesia in 1999-2003, one in 107 men ran a risk of BCC, whereas one in 68 men
could develop all types of skin cancer [4]. In the years 1999-2007, in comparison with 1999-2003,
both populations ran a significantly higher risk of developing non-melanoma skin cancer in
all cancer sites. Still, most neoplastic lesions were on the patients’ head and neck. When
compared to an earlier period, the incidence rate for this cancer site, i.e. the head and neck
(C44.0-4), increased especially in men. A standardized incidence rate was 9.60 per 100,000 in
1999-2003, while it was 11.13 per 100,000 in 1999-2007. The same trend but a slower rate was
recorded in women. Still, the sex ratio is unfavorable for men, and resembles the one in the
years 1999-2003. Over these years, the female incidence rate increased from 7.36 to 8.43, but
men ran a higher risk of neoplastic lesions on the head and neck than women. Corresponding
results were obtained for the neoplastic lesions on the trunk (C44.5) and legs (44.7), but the
disproportion between sex ratios was getting bigger in comparison with 1999-2003,and in men
the ratio increased for neoplastic lesions on the trunk, whereas it decreased for arms and legs.

In the whole area of the Upper Silesia, a continuous increase in malignant melanoma incidence
rate can be observed. The growth rate for this cancer in people older than 50 years is higher
for men than for women, and the difference is increasing with age. A specific cancer site is age
and sex dependent. More frequently, neoplastic lesions on the trunk and lower limbs are
typical for older age groups, while an increase in malignant melanoma incidence rate for the
head and neck (80%) characterizes the oldest age groups [21].

In the younger population, i.e. among persons younger than 50 years, cutaneous melanoma
develops most frequently on the body parts continually exposed to the sun such as arms and
legs, and on the neck and face in those older than 50 years [17,21,64]. Corresponding obser‐
vations were made for the inhabitants of the Upper Silesia. The analysis of melanoma incidence
rate related to the affected body parts indicates that neoplastic lesions in elderly men were
most frequently on the trunk, while in women older than 20 years, cutaneous melanoma
affected lower limbs and the trunk. In older age groups, especially in men, malignant mela‐
noma incidence rate increased for the head and neck as well as for arms.
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spondingly, low levels of an active form of vitamin D3 was diagnosed in malignant melanoma
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may suffer from vitamin D3 deficiency during winter months [54]. Consequently, a low level
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were reported for leading cancer types including breast, prostate and colon cancers in
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of collagen fibers and elastin, or inducing DNA mutation which can result in neoplastic
transformation [49-51].

This is consistent with the observations that people working outdoors with certain intervals
run lower risk of developing malignant melanoma localized in the skin exposed to UV
radiation than people who work indoors [58-60]. Continuous sun exposure may reduce a risk
of sunburns, which are a known etiologic factors of malignant melanoma. What is more,
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and old age subgroups, which was also observed by other authors [12].

Distribution of non-melanomas (head and neck) and malignant melanoma (trunk) correspond
to the worldwide trends, too [22,47,48,61]. Longer exposure to sunlight may be a causative
factor of skin cancers developed on the head, neck, trunk and lower limbs [17,50].

Basal cell carcinoma (BCC), which is the most common among non-melanomas and constitutes
75%-86% of all cases, occurs on the head and neck a slightly more frequently in men [62,63].
In the Upper Silesia in 1999-2003, one in 107 men ran a risk of BCC, whereas one in 68 men
could develop all types of skin cancer [4]. In the years 1999-2007, in comparison with 1999-2003,
both populations ran a significantly higher risk of developing non-melanoma skin cancer in
all cancer sites. Still, most neoplastic lesions were on the patients’ head and neck. When
compared to an earlier period, the incidence rate for this cancer site, i.e. the head and neck
(C44.0-4), increased especially in men. A standardized incidence rate was 9.60 per 100,000 in
1999-2003, while it was 11.13 per 100,000 in 1999-2007. The same trend but a slower rate was
recorded in women. Still, the sex ratio is unfavorable for men, and resembles the one in the
years 1999-2003. Over these years, the female incidence rate increased from 7.36 to 8.43, but
men ran a higher risk of neoplastic lesions on the head and neck than women. Corresponding
results were obtained for the neoplastic lesions on the trunk (C44.5) and legs (44.7), but the
disproportion between sex ratios was getting bigger in comparison with 1999-2003,and in men
the ratio increased for neoplastic lesions on the trunk, whereas it decreased for arms and legs.

In the whole area of the Upper Silesia, a continuous increase in malignant melanoma incidence
rate can be observed. The growth rate for this cancer in people older than 50 years is higher
for men than for women, and the difference is increasing with age. A specific cancer site is age
and sex dependent. More frequently, neoplastic lesions on the trunk and lower limbs are
typical for older age groups, while an increase in malignant melanoma incidence rate for the
head and neck (80%) characterizes the oldest age groups [21].

In the younger population, i.e. among persons younger than 50 years, cutaneous melanoma
develops most frequently on the body parts continually exposed to the sun such as arms and
legs, and on the neck and face in those older than 50 years [17,21,64]. Corresponding obser‐
vations were made for the inhabitants of the Upper Silesia. The analysis of melanoma incidence
rate related to the affected body parts indicates that neoplastic lesions in elderly men were
most frequently on the trunk, while in women older than 20 years, cutaneous melanoma
affected lower limbs and the trunk. In older age groups, especially in men, malignant mela‐
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In the years 1999-2007, both men and women ran the same risk of malignant melanoma on the
head and neck (C43.0-4), whereas in 1985-1998 the sex ratio M:F was 1.25, thus the risk of
developing cancer at such a site decreased in men. In the years 1999-2003, neoplastic lesions
on the face (C 43.3) were 2 times more frequent in women than in men. However in 1999-2007,
such huge differences were not recorded, which resulted from an increased incidence rate in
men but a decreased rate in women.

In men, most frequently malignant melanoma affected the trunk. As early as in 1985-1998, the
sex ratio M:F for the trunk (C43.5) was 1.58 and was unfavorable for men, and increased
significantly in the following years (1999-2003) up to 1.60. The differences between sexes were
getting bigger [17,21]. In here presented analysis of the years 1999-2007, the ratio was 1.85,
which indicates that the disproportions between sexes for this cancer site were increasing.
When we compared the years 1995-1998 and 1985-1989, we noticeda 2-fold increase in the
number of neoplastic lesions on the trunk in men.

Additionally, the sex ratio was unfavorable for women when the results for neoplastic lesions
on legs (C43.7) were analyzed. This trend has prevailed in the Upper Silesia for years. In the
above mentioned periods of time, the sex ratio M:F was ranked as follows: 0.47, 0.41, 0.38. In
the years 1999-2007, the female incidence rate of malignant melanoma on lower limbs was
almost 3 times higher than in men, in 1999-2003 it was 2.5 times higher, whereas it was 2 times
higher in 1985-1999. In comparison to men, more young women developed malignant
melanoma on legs. After the comparison of the previous analyzed periods, we could observe
that incidence rates of those cancer sites increased in both sexes. The highest relative increase
in female incidence rate was registered for arms (C43.6), was also recorded during the past
years [7]. The values of female standardized incidence rate were as follows: 0.37 in 1985-1999,
0.63 in 1999-2003, and 0.72 in 1999-2007 [18,23]. The differences between cancer sites in both
sexes may result from the differences in the way they dress, which suggests that there are
variations in time of UV exposure of body parts

However, the UV radiation dose inducing skin cancer in humans is still unknown.

The development of all nevi types, including dysplastic nevi, is related to skin pigmentation
degree and malignant melanoma is most frequent in white people. For instance, in Argentina,
in the population of Cordoba with high values of malignant melanoma incidence rates, the
risk of developing the cancer increases over 2 times if grandparents were Europeans and over
5 times in individuals of fair skin and eyes [5].

The risk also increases with the number of melanotic nevi (‘moles’). Adults have 15-20 moles
on average and their location can be varied, i.e. they can occur on the scalp or places exposed
to solar radiation. Developing malignant melanoma in solarium clients is also related to a large
number of moles and the neoplastic lesions are most frequently located on the trunk [17]. In
general, solarium clients are young people, predominantly young women. Thus, indoor
tanning can also contribute to the increase in the number of the lesions on the trunk in female
inhabitants of the Upper Silesia.

The number of detected dysplastic nevi significantly decreases in people who consumed small
quantities of food but of large vitamin D, α- and β-carotene, cryptoksantin and lute in content.
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Although this is directly related to the skin response to repeated exposure to UV radiation,
supplementation of the above listed components does not bring the required effect [26].

Extensive case-control studies of the population of the Silesia would be necessary to establish
which environmental risk factors play an essential role in developing cutaneous malignant
melanoma. Due to the increase in the values of malignant melanoma incidence rates, also in
the inhabitants of the Upper Silesia, appropriate health education and prophylactic strategies
related to solar exposure have to be implemented.

Slip-Slop-Slap was the iconic and internationally recognized sun protection campaign
prominent in Australia during the 1980s. Launched by Cancer Council Victoria in 1981, the
Slip! Slop! Slap! campaign features a singing, dancing Sid Seagull encouraging people to
reduce sun exposure and protect themselves against an increased risk of skin cancer [65,66].
Sid had Australians slipping on long sleeved clothing, slopping on sunscreen and slapping on
a hat. This successful program was funded by public donations. The health campaign was
extended in later years by the Sun Smart to encourage the use of sunglasses and shade. That
is: Slip on a shirt, Slop on the 30+ sunscreen, Slap on a hat, Seek shade or shelter, Slide on some
sunnies. - "Slip, Slop, Slap, Seek, Slide". By this stage, however, the skin cancer aware message
of the campaign had successfully been absorbed into the Australian psyche. Slip, Slop, Slap
was also used in New Zealand, where the mascot is a lobster, voiced by Ants from What Now.
Some Canadian cities have also started their own Slip-Slop-Slap campaigns.

The campaign is considered one of the most successful and recognizable health campaigns in
Australia, but despite its popularity and success, Australia has the highest incidence of skin
cancer in the world. Each year in Australia, various forms of skin cancer are diagnosed in more
than 300 thousand people, about 1,600 people die from malignant melanoma.

The American Cancer Society recommends the following:

• Slip on a shirt with sleeves.

• Slop on sunscreen (at least an SPF 15) and remember to reapply.

• Slap on a hat with a brim wide enough to shade your face, ears, and neck.

• Sunglasses to protect your eyelids from UV damage and your eyes from getting cataracts [67].

Appropriate cancer screening programs and doctors’ training should also be introduced,
which would facilitate early detection and proper care of patients with melanotic nevi
characterized by high risk of developing malignant melanoma. Such implementations have
brought satisfactory results in Australia and Scandinavian countries.

5. Conclusion

Due to the increase in the values of malignant melanoma incidence rates in the inhabitants of
the Upper Silesia, it is necessary to implement health education and prophylactic strategies
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sexes may result from the differences in the way they dress, which suggests that there are
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The development of all nevi types, including dysplastic nevi, is related to skin pigmentation
degree and malignant melanoma is most frequent in white people. For instance, in Argentina,
in the population of Cordoba with high values of malignant melanoma incidence rates, the
risk of developing the cancer increases over 2 times if grandparents were Europeans and over
5 times in individuals of fair skin and eyes [5].

The risk also increases with the number of melanotic nevi (‘moles’). Adults have 15-20 moles
on average and their location can be varied, i.e. they can occur on the scalp or places exposed
to solar radiation. Developing malignant melanoma in solarium clients is also related to a large
number of moles and the neoplastic lesions are most frequently located on the trunk [17]. In
general, solarium clients are young people, predominantly young women. Thus, indoor
tanning can also contribute to the increase in the number of the lesions on the trunk in female
inhabitants of the Upper Silesia.

The number of detected dysplastic nevi significantly decreases in people who consumed small
quantities of food but of large vitamin D, α- and β-carotene, cryptoksantin and lute in content.
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Slip! Slop! Slap! campaign features a singing, dancing Sid Seagull encouraging people to
reduce sun exposure and protect themselves against an increased risk of skin cancer [65,66].
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of the campaign had successfully been absorbed into the Australian psyche. Slip, Slop, Slap
was also used in New Zealand, where the mascot is a lobster, voiced by Ants from What Now.
Some Canadian cities have also started their own Slip-Slop-Slap campaigns.

The campaign is considered one of the most successful and recognizable health campaigns in
Australia, but despite its popularity and success, Australia has the highest incidence of skin
cancer in the world. Each year in Australia, various forms of skin cancer are diagnosed in more
than 300 thousand people, about 1,600 people die from malignant melanoma.

The American Cancer Society recommends the following:
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which would facilitate early detection and proper care of patients with melanotic nevi
characterized by high risk of developing malignant melanoma. Such implementations have
brought satisfactory results in Australia and Scandinavian countries.

5. Conclusion

Due to the increase in the values of malignant melanoma incidence rates in the inhabitants of
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related to solar exposure. What is more, it would be advisable to sensitize doctors to attentively
observe patients' skin lesions.
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related to solar exposure. What is more, it would be advisable to sensitize doctors to attentively
observe patients' skin lesions.
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1. Introduction

The incidence of cutaneous malignant melanoma (CMM) is increasing in the Western world,
despite the implementation of prevention campaigns for several years. Early detection,
targeted at-risk populations helps to identify patients with beginning melanoma lesions, but
despite these efforts, many patients - often young,- present with thicker tumors (with a higher
Breslow, over 1mm - Breslow is a measurement in mm of the vertical thickness of the primary
tumor-). [1]

A late diagnosis is also often associated with a greater Breslow thickness index and a greater
risk for invasion of regional lymph nodes (stage III), or distant metastatic lesions (stage IV) [2].
CMM usually progresses from an in situ proliferation in a radial growth pattern. Then appears
the vertical growth phase which is a major event for the dissemination of cells, as it allows cells
to migrate deeper into the dermis, the lymphatic vessels and blood flow.

In the seventh revision of the American Joint Committee on Cancer (AJCC) staging for
melanoma (2009), patients can be divided into four stages: stage I and II disease (local) stage
III (locoregional disease) and stage IV (metastatic disease). In this ranking, the only serum
marker that was built for clinical use is the lactate dehydrogenase (LDH) as the serum LDH
was confirmed in multivariate analysis to be an independent predictor even after taking into
account site and number of metastases [2]. The value of LDH is still often discussed in local/
locoregional conditions.

Surgery is the mainstay of treatment of melanoma. The major concern after diagnostic excision
of the primary lesion is whether CMM has already metastasized or not. Indeed many argu‐
ments emphasize that early detection of melanoma metastases may improve the prognosis of
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patients, at least for some of them. To date, no marker for early detection of melanoma
metastases is unanimously recognized.

A melanoma patient around high risk (high risk of recurrence) can be defined as a patient with
a 50% risk of relapse within up to 10 years, despite optimal initial surgical treatment. These
high-risk patients should be carefully monitored and treated if possible with adjuvant
therapeutic strategies. Interferon-α and, more recently, ipilimumab have been proposed as
adjuvant therapies, but their effect on survival is still a matter of debate. To date, no predictive
marker of response has been described.

The metastatic process involves the spread of cancer cells in locoregional or distant anatomic
sites via the lymphatics and / or blood flow. In the case of melanoma, circulating cells can find
a suitable microenvironment in the sentinel node (the first lymph drainage lymph node area),
other lymph nodes or distant organs (lymph nodes, liver, lungs, brain, bone).

In fact, the understanding of the biology and mechanism of metastatic cascade provides new
molecular targets and can help us to discover new biomarkers. Biomarkers can be divided into
diagnostic markers for disease detection and prognostic and predictive markers, which should
predict response to treatment. Cancer biomarkers consist of many molecular structures such

Figure 1. Breslow index measures in mm the thickness of the lesion
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as proteins, peptides, DNA, mRNA. Interest is the fact that these markers can be found in the
tissues, cells and / or body fluids. Also viable melanoma cells can also be found in the peripheral
blood of melanoma patients. We limit ourselves in this article to the description of serum
molecular markers in CMM.

The ideal biomarker should be a molecule easily detectable in the serum of a patient who
presents a growing tumor. The biomarker should have a sufficient sensitivity and specificity
to minimize false negatives and false positives. Sensitivity refers to the proportion of patients
with confirmed disease who have a positive test for a biomarker, whereas specificity can be
defined as the proportion of healthy individuals with a negative test. Previous studies have
shown that many molecules that may be involved in oncogenesis and cancer spread can be
found in the serum of cancer patients in particular patients with melanoma, but their sensitivity
and / or specificity are still debatable. These molecules can be produced and secreted or
excreted into the bloodstream directly by melanoma cells or indirectly by destruction of
melanoma cells by chemotherapy, immunotherapy or combination therapy [3].

Below, we detail the most important molecules in serum that have been described as a
biomarker for CMM.

2. Main serum markers in CMM

2.1. Lactate Dehydrogenase (LDH)

As mentioned above, this enzyme has been considered as the main serum prognostic param‐
eter in patients with metastatic melanoma (AJCC stages III and IV). Numerous studies have
validated LDH as the factor most predictive of patient outcome, and this independently and
statistically significant. This led to a stratification of the AJCC :patients with metastatic
melanoma with high levels of LDH are designated as M1c whatever the site of metastasis [2].

Note, however, that Hamberg stated that in a series of 53 patients with stage IV AJCC
melanoma only 38% had elevated LDH, suggesting that elevated LDH is not the ideal marker
for this condition [4]. Moreover, in a multivariate analysis of 64 patients with AJCC stage IV
melanoma Hauschild has failed to demonstrate the independent prognostic value of LDH [5].
It should be recalled that the LDH assay can be falsely positive due to hemolysis and other
factors, including hepatitis.

However, Weide et al also insist in a study of 855 patients on the prognostic value of LDH [6].

2.2. C-Reactive Protein (CRP)

CRP is a nonspecific inflammatory parameter that may have a role in the detection of mela‐
noma progression. This protein is produced by hepatocytes as acute phase response of non-
specific inflammatory processes.

Elevated serum CRP was associated with a poor prognosis in various cancers. Deichmann et
al. analyzed the prognostic significance of CRP compared to the LDH patients AJCC stage IV
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melanoma. With a definition of a threshold 3mg/dL, the identification of a stage IV can be done
with a sensitivity of 76.9% and a specificity of 90.4%. In another prospective study of 67
patients, Deichmann found that CRP was the only prognostic factor even reliable [7-9]. These
results are debated.

2.3. S100-β proteins (S100B)

Serum S100B is described as more related to the tumor burden and thus reflects both the clinical
stage and tumor progression (the higher the rate of serum S100B, the greater the tumor burden).
It may therefore be used to monitor the effectiveness of therapy whatever the type of treatment
(surgical, chemotherapy, immunotherapy). Retsas et al. have suggested the use of S100B
instead of LDH in the classification system of the AJCC while other authors consider that S100B
has no added value when comparing the sensitivity and specificity of the CRP and LDH [10].
For some, S100B has probably become the most useful marker in clinical practice, but it interest
seems to be limited to advanced stages III and IV [11]. In stages I and II S100B provides no
independent prognostic information.

Figure 2. LDH is a tetrameric enzymle and consists of several sub-units M and H, encoded by two different genes
(Chromosome 11 and 12)
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Moreover, it must be remembered that S100B is not specific to melanoma and its serum levels
may be elevated in healthy subjects, patients with cancer of non-melanoma skin, neurological
disorders, tumors of the nervous system central, and even in various gastrointestinal cancers,
and patients infected with HIV.

2.4. Melanoma Inhibiting Activity (MIA)

The roles of this protein are multiple among them modulation of cell growth and cell adhesion.
MIA rates are higher in the group of patients relapsing after initial surgery. Some authors
consider that the sensitivity of the two molecules S100B and MIA is equal. For other authors,
MIA is superior to LDH and CRP. In children and pregnant women (after week 38), MIA is
increased and serum levels should be avoided in these two groups [12].

2.5. Galectin-3

Gal-3 has been described to be overexpressed in malignant melanocytic lesions and its
concentration in the serum of patients with melanoma is increased by the joint action of

Figure 3. Molecular structure of CRP, five sub-units each comprising 206 amino acids. The gene responsible for its syn‐
thesis is located on chromosome 1.
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melanoma cells and inflammatory cells. Gal-3 plays an important role in cell proliferation, cell
differentiation, cell adhesion, cell migration, angiogenesis and metastasis. Thus, Gal-3
deserves special attention. Clarification of the role of extracellular Gal-3 should help us to
understand the significance of elevated serum levels of this molecule in patients with advanced
melanoma [13].

3. Other molecules and molecular approaches

3.1. Melanoma Associated Antigens (MAA)

Malignant transformation of melanocytes is associated to changes in gene definition. This leads
to the expression of melanoma associated antigens molecules called (MAA), which are more
or less specifically associated with the malignant phenotype (Table 1). In fact sometimes these
MAA can also be expressed in normal melanocytes. MAA play an important role in triggering
the immune response agains melanoma cells. These antigens were mainly identified by
immunological approaches, including in vitro and in vivo reactions and serological tests. These
antigens can be defined by their ability to interact with T cells or B and peptides derived from

Figure 4. S100B is a 21-kD dimeric protein, consists of two β subunits. This protein is a member of a family of 19 pro‐
tein and was first isolated from bovine brain in the mid sixties. S100B is expressed by glial cells and melanocytes and is
produced by brain tumors and melanomas. The roles of S100B are probably multiple and underestimated.
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these antigens have been used to induce or maintain a specific immune response. Mage-1 was
the first identified MAA and now belongs to a large family of at least 12 antigens differentially
expressed by benign and malignant melanocytic cells. Immune responses to these genes can
be used as markers of progression and / or immunological response.

Tyrosinase RT-PCR detection in patients with melanoma is correlated with a higher risk of
relapse (55% of these patients have a clinical relapse), but the specificity of this technique has
yet to be optimized [15, 16]. When combined with a dosage of S-100, Domingo-Domenech
showed that tyrosinase RT-PCR adds valuable prognostic information in patients with S-100
<0.15μg / l, although the team showed that S-100 had a higher predictive value. Curry et al.
suggested that RT-PCR detection of tyrosinase can be useful to determine a subgroup of
patients with an increased risk of metastases [17].

Profiling of autoantibodies associated with certain MAA was different by Sabel et al as
potentially useful to select patients with melanoma who should benefit from the research of a
sentinel node.

These results have yet to be validated [18].

Figure 5. MIA is a 12kDa soluble protein, whose role has been characterized as an inhibitor of cell autocrine growth. It
can be expressed by melanoma cells and chondrocytes.
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3.2. Melanine metabolites

5-S-cysteinyl dopa (5SCD) is a precursor of phaeomelanin and is produced by melanocytes
and melanoma cells, as a product of the binding of a molecule named dopaquinone and highly
reactive with cysteine. 5SCD is detectable in the urine and serum of melanoma patients and
correlates with disease progression. In patients with progressive disease, the level of 5SCD can
rise before the onset of clinical signs. A comparative report stated that with the LDH and S100B,
5SCD has an interesting value even if the authors of this report concluded that S100B could be
considered as the most sensitive of the three markers. Due to the effect of UV exposure on
melanin, the use of this 5SCD as a biomarker may be limited in Caucasians, whereas its use in
other populations, particularly in Japan, would be more reliable. In addition, patients with
metastatic but non-pigmented melanoma lesions do not usually have elevated serum 5SCD.
3,4-dihydroxyphenylalanine (L-DOPA) is the first metabolite involved in melanogenesis and
its plasma levels were also correlated with melanoma progression and tumor burden, as well
as the ratio of plasma L-dopa / L tyrosine-which represents an index of the activity of tyrosinase
and tyrosine hydroxylase. Stoitchkov et al. showed that the latter ratio has predictive value,
especially in patients with stage III, and advocated the use of multiple biomarkers [19].

Figure 6. Galectin-3 is a member of the family of lectins that can bind to β-galactoside residues. Many members of the
galectin family are differentially expressed in cancer. Gal-3 is a molecule that contains an NH2-terminal domain, a
COOH-terminal domain.
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Antigen HLA restriction

Oncospermatogonal antigens

MAGE-A1 A*01, A*03, A*24, A*28, B*3701, B*53, Cw*0201, Cw*0301, Cw*1601

MAGE-A2 A*0201, B*3701

MAGE-A3 A*01, A*02, A*2402, B*3701, B*44, DR*11

MAGE-4 A*0201

MAGE-A6 A*3402, B*3701

MAGE-A10 A*0201

MAGE-A12 A*0201

MAGE-B1 A*0201

MAGE-B2 A*0201

BAGE Cw*1601

GAGE-1 Cw*6

LAGE-1 A*0201

PRAME A*24

NY-ESO-1 A*02, A*31

DAM-6 A*02

Melanocytic differentiation antigens

Tyrosinase A*01, A*0201, A*2402, B*44, DRβ1*0401

MART-1/Melan-A A*0201, A*02, B*4501

Gp100 A*0201, A*03, A*0301, A*1101, A*2402, C*0802, DRβ1*0401

TRP-1 A*31

TRP-2 A*31, A*33, A*0201, C*0802, A*68011

MC1R A*0201

Mutated antigens

MUM-1 B*44

CDK4 A*02

B-catenin A*24

P15 A*24

GnT-V A*02

TPI DRβ1*0101

Annexin II DRβ1*0401

CDC27 DRβ1*0401

Oncogene-derived antigens

HER2/Neu A*0201

Table 1. Melanoma associated antigens (adapté de Visser et al. [14]).
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Figure 6. Galectin-3 is a member of the family of lectins that can bind to β-galactoside residues. Many members of the
galectin family are differentially expressed in cancer. Gal-3 is a molecule that contains an NH2-terminal domain, a
COOH-terminal domain.
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Antigen HLA restriction

Oncospermatogonal antigens

MAGE-A1 A*01, A*03, A*24, A*28, B*3701, B*53, Cw*0201, Cw*0301, Cw*1601

MAGE-A2 A*0201, B*3701

MAGE-A3 A*01, A*02, A*2402, B*3701, B*44, DR*11

MAGE-4 A*0201

MAGE-A6 A*3402, B*3701

MAGE-A10 A*0201

MAGE-A12 A*0201

MAGE-B1 A*0201

MAGE-B2 A*0201

BAGE Cw*1601

GAGE-1 Cw*6

LAGE-1 A*0201

PRAME A*24

NY-ESO-1 A*02, A*31

DAM-6 A*02

Melanocytic differentiation antigens

Tyrosinase A*01, A*0201, A*2402, B*44, DRβ1*0401

MART-1/Melan-A A*0201, A*02, B*4501

Gp100 A*0201, A*03, A*0301, A*1101, A*2402, C*0802, DRβ1*0401

TRP-1 A*31

TRP-2 A*31, A*33, A*0201, C*0802, A*68011

MC1R A*0201

Mutated antigens

MUM-1 B*44

CDK4 A*02

B-catenin A*24

P15 A*24

GnT-V A*02

TPI DRβ1*0101

Annexin II DRβ1*0401

CDC27 DRβ1*0401

Oncogene-derived antigens

HER2/Neu A*0201

Table 1. Melanoma associated antigens (adapté de Visser et al. [14]).
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3.3. Matrix Metalloproteinases (MMP)

MMPs are a family of 24 structurally related endopeptidases. These zinc-dependent enzymes
are defined by their own substrates and can lyse components of the extracellular matrix (ECM)
(eg, collagen type IV, which is a major component of the basement membrane by gelatinases
such as MMP-2 and MMP-9 ) and play a role in angiogenesis and the renewal of the ECM.
MMPs can also cleave different molecules such as other proteinases, proteinase inhibitors,
growth factors, adhesion molecules and thereby modulate the inflammatory response, the
process of tumor growth, tumor invasion and metastasis.

A balance between MMPs and tissue inhibitors of metalloproteinases (TIMP) can be broken
by upregulation of MMP and TIMP downregulation, this is shown in malignant phenotype.

Another important role, angiogenesis, has been attributed to MMP, which could allow a
therapeutic target possible. Batimastat (BB-94, a synthetic broad-spectrum inhibitor of
metalloproteinases), for example, has shown efficacy for inhibiting angiogenesis of liver
metastases in a mouse model.

MMP overexpression has been reported in melanoma progression, and elevated serum MMP,
ie MMP-1 and MMP-3, have been correlated with poor survival [20].

3.4. Cytokins, chimiokins and their réceptors [21]

Chemokines are small polypeptides signaling can bind to and activate G protein-coupled
receptors, a family of seven transmembrane molecules. Multiple roles have been attributed to
these chemokines, and are involved in tumor transformation and metastatic process. The
differential expression of these chemokines and their receptors may explain the organ
specificity of metastases.

Melanoma cells expressing the chemokine CXCL8, also known as interleukin-8 (IL-8) have
been described and a report showed that serum levels of IL-8 are associated with tumor burden
and a poor prognosis. This track is interesting and could be exploited for therapeutic purposes.
In vivo studies have indeed shown that anti-IL8 humanized antibodies are able to reduce
tumor growth and angiogenesis.

A recent study of 29 serum cytokines assayed simultaneously in 179 melanoma patients (versus
378 control individuals, healthy) showed a profile of specific serum cytokines in patients
compared to controls: higher serum concentrations of interleukin (IL )-1alpha, IL-1beta, IL-6,
IL-8, IL-12p40, IL-13, G-CSF, MCP-1, MIP-1alpha, MIP-1 beta, IFN-alpha, TNF-alpha, EGF,
VEGF and TNF receptor II. [22, 23, 24].

3.5. Growth and angiogenic factors

Angiogenesis is an important step in tumor growth as it ensures the supply of oxygen and
substrates to tumor cells. This process is in fact the result of complex interactions between pro-
angiogenic factors and anti-angiogenic released by tumor cells, endothelial, epithelial,
mesothelial cells and leukocytes. Vascular Endothelial Growth Factor (VEGF) has been
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described as a potent mitogen for endothelial cells and its expression, which can be increased
in hypoxic conditions, was also correlated with tumor progression and poor prognosis.

Different VEGF have been described, but none has been reported as an independent prognostic
factor. At most a few studies have correlated the presence / absence of certain molecules in
very specific situations, eg serum VEGF-C is decreased in patients with metastatic cutaneous
metastases [25].

An imbalance in the ratio of serum angiopoietin 1 and angiopoietin 2 than could, according et
al Gardizi sign a metastatic progression. [26]

3.6. Cell surface and adhesion molecules

3.6.1. Integrins

Integrins are cell components that ensure adhesion to other cells, ECM, or other proteins. Other
important roles are played by integrins such as the transmission of information between the
extra-and intracellular space, and angiogenesis.

Integrins are heterodimeric receptors consisting of two subunits α and β,. On the basis of their
common subunit, heterodimers can be classified αv, β1 β2 integrins. The main integrins
involved in the progression of melanoma include avß3 (vitronectin receptor and fibronectin),
α2β1 (collagen), α4β1 (fibronectin) and α6β1 (laminin).

Some reports have shown that increased serum concentrations of β integrins were associated
with shorter survival. The clinical impact of this has not yet been defined.

3.6.2. CD44

CD44 is a transmembrane glycoprotein surface, originally described as a lymphocyte receptor.
CD44 is a cell surface receptor for hyaluronic acid, While some studies have highlighted its
role in tumor invasion and metastasis, it is clear that no study has identified a prognostic value
for serum CD44.

3.6.3. ICAM-1

ICAM-1 is a new intercellular adhesion molecule, located in the cell membranes of leukocytes
and endothelial cells. ICAM-1 is a ligand of LFA-1 (lymphocyte function-associated antigen-1)
in T cells, B cells, macrophages, and neutrophils. Leukocyte migration is facilitated by the
binding ICAM-1/LFA-1. One study showed that serum ICAM-1 is increased in patients with
metastatic but has no independent prognostic value in multivariate analysis [27].

3.7. Others

Ever, new publications emerge with new molecular perspectives (protein profiling, micro‐
RNAs dosage,...).
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Luo et al showed in well constructed paper that isoenzymes of aldehyde dehydrogenase 1A
(ALDH) appear as stem cell markers of melanoma, but their presence in serum and their
prognostic significance has yet to be defined [28].

Adhesion molecule type 1 related to carcinoembryonic antigen (CEACAM 1) has also recently
been shown as a promising biomarker by an Israeli team: measuring the serum in a retrospec‐
tive study is correlated with metastatic progression and survival patients with melanoma [29].

The utility of serum DNA of mutated BRAF gene has also recently been presented as a
prognostic factor and predictor of response to biochetherapies. This would probably be very
useful for patients treated with vemurafenib. These results need to be confirmed [30].

4. Discussion

Cancer is a major cause of morbidity and mortality in our society. It shows a huge price and
has many devastating effects. Melanoma is a tragic example of these realities.

The prognosis of melanoma is closely linked to early diagnosis. Current treatments have
limited effectiveness, and surgery remains the mainstay of treatment. Better treatments are
certainly necessary, even with the arrival of molecules such as ipilimumab or vemurafenib that
enable new perspectives for our patients with metastatic disease.

In the past, the only prognostic factor in melanoma patients has been limited to histology
(tumor thickness) and the location of the primary tumor. These parameters are important, but
were supplemented by numerous clinical variables, pathological and biological, particularly
in patients with advanced melanoma. Recently, the use of serum markers, alone or in combi‐
nation, has been proposed to refine the prognosis of a patient in order to ensure proper tracking
and predicting the potential benefits of therapy. More specific or nonspecific markers of
melanoma can be measured in the serum of patients, and in most cases, these markers are
directly correlated with the tumor mass.

Among these biomarkers,  LDH and S100B serum biomarkers appear with an independ‐
ent prognostic value, although disputed by some. In advanced melanoma, their dosage is
probably more accurate and sensitive than CRP levels (LDH and CRP are obviously more
accessible  and measured)  as  shown by some studies,  but  not  ideal.  Even if  the  LDH is
incorporated into the new AJCC classification, for some authors, S100B is superior in terms
of prognostic value [31].

To a lesser extent due to poor sensitivity or lower specificity, CRP, MIA, and Gal-3 can also be
considered as interesting biomarkers. The dosages of new other molecules should be included
in future prospective clinical protocols, distinguishing their prognostic value (patient out‐
come) and predictive value (response to treatment).

Storage conditions of serum should also be made clear in all the articles as they have a major
influence on results and therefore conclusions. This suggests that a standard methodology
should be set in order to compare the published studies [32].
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Research into new biomarkers in melanoma is important issue because i twill lead to better
understand the biology of this tumor, and thus it improve patient monitoring, early detection
and treatment of secondary lesions and open new perspectives for targeted therapies. Multiple
molecular changes of melanoma progression are currently intensively studied.
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1. Introduction

Cancer of the skin is the most common form of malignancy in humans and is divided into two
categories – non-malignant skin cancer and cutaneous melanoma. Non-melanoma skin cancer
(basal cell and small cell carcinoma) make up a vast majority of skin cancers. According to data
from National Cancer Institute (NCI) in 2012, more than 2 million new cases of non-melanomas
will be identified with less than a 1000 deaths. Despite according for only 4% of all cases,
melanoma is the deadliest of skin cancers resulting in over 79% of skin cancer deaths [1]. In
the United States, melanoma is the fifth most common cancer in men and the sixth most
common in women. In 2011, 70,230 new melanoma cases were identified with 8,790 deaths.
The median age of diagnosis is between 45-55; although 25% of melanomas occur in individ‐
uals over 40 years.

2. Types of skin cancer

a. Basal Cell Carcinoma (BCC): This is the most common form of skin cancer and accounts
for more than 90% of all skin cancers in the United States. BCC causes damage by growing
and invading the surrounding tissue and usually does not metastasize to other parts of
the body. Intermittent sun exposure (especially early in life), age and light colored skin
are important factors in the development of BCC. Approximately a fifth of BCCs, develop
in regions that are not sun-exposed such as chest, arms, neck, back and scalp [2]. Weak‐
ening of the immune system on account of the disease or immune-suppressive drugs is
known to promote the risk of developing BCCs. Usually BCC begins as a small, dome-
shaped bump and is covered by small superficial blood vessels called telangiectases and
its texture is often shiny and translucent. Hereditary predisposition to BCC [3,4] occurs
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among individuals with albinism and Xeroderma Pigmentosum. These disorders can be
linked to either instability of the skin or diminished pigmentation.

b. Squamous Cell Carcinoma (SCC): This cancer begins in the squamous cells that form the
surface of the skin, lining of hollow organs of the respiratory and digestive tracts. The
earliest form of SCC is called as actinic keratosis (AK) [2] that appear as rough, red bumps
on the scalp, face, ears and back of the hands. The rate at which the bumps (keratosis)
invade deeper in the skin to become fully developed squamous cell carcinoma is estimated
to be 10-20% over a 10 year period. Actinic keratinosis that becomes thicker and more
tender could increase the possibility of getting transformed to an invasive squamous cell
carcinoma phenotype. The most important risk factor is sun exposure. Lesions appear
after years of sun damage in the forehead, cheeks as well as the backs of hands. Other
minor factors like exposure to hydrocarbons, arsenic, heat or X-rays could predispose to
SCCs. Unlike BCC, SCCs can metastasize to other parts but are easy to treat.

c. Melanoma: This is the cancer of the melanocytes, the “skin-color producing cells” of the
body. An estimated 132,000 new cases of melanoma occur worldwide every year [5,6,7]
with approximately 65,161 deaths according to estimates from the World Health Organ‐
ization (WHO). The high mortality rate of melanoma is remarkably high considering the
fact that melanoma is nearly always curable in its early stages; the high mortality rate can
be attributed to late diagnosis in which the cancer spreads to other parts of the body [5].
Melanoma incidence has increased more rapidly than that of any other cancer, yet our
ability to treat disseminated disease has been lagging [8,9,10]. The predicted 1 year
survival for Stage IV melanoma ranges between 41% to 59% [11]. At a very early point in
the progression of melanoma, the cancer gains metastatic potential.

3. Risk factors

There  are  multiple  risk  factors  that  contribute  to  escalating  incidence  of  melanomas  in
humans  (Table  1).  Ultraviolet  (UV)  radiation  especially  UVA  (315-400  nm)  and  UVB
(280-315 nm) from sunlight is an important contributing factor for melanoma progression.
A study by Glanz et al [5,12] revealed that 90% of all melanomas are attributed to exposure
to ultraviolet radiation.

The damaging effects of UV radiation (UVR) is on account of direct cellular damage and
alterations in immunologic functions. UVR causes DNA damage (by formation of pyrimidine
dimers), gene mutations, oxidative stress, immunosuppressive and inflammatory responses.
All these effects play an important role in photoaging of the skin and predispose to skin cancer
[13]. UVR creates mutations in p53, a key tumor suppressor gene that plays an important role
in DNA repair and apoptosis. Thus if p53 is mutated, the cells lose the DNA repair process
leading to the deregulation of apoptosis, expression of mutated keratinocytes and initiation of
skin cancer [13,14]. Darker skinned individuals have lower incidence of cutaneous melanoma
primarily as a result of increased epidermal melanin. Studies indicate that epidermal melanin
in African-American individuals filters twice as much UVB radiation than in Caucasians. This
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is on account of the larger, more melanized melanosomes located in the epidermis of dark skin
individuals that absorb and scatter more light energy than the smaller, less melanized
melanosomes of white skin. The incidence rate of skin cancer (both melanoma and non-
melanoma) has increased significantly in the last decade [15]; particularly among young
women. For most individuals, exposure to UVR from the sun is the main source of skin cancer.
Nonetheless, some individuals are exposed to high UV doses through artificial sources –
sunbeds and sunlamps used for tanning purposes. Indoor tanning is widespread in most
developed countries in Northern Europe, Australia and the United States [16]. Intense early
sunburns and blistering sunburns are closely associated with melanoma development [17,18,
19]. Statistics indicate that one severe childhood sunburn is associated with a two-fold increase
in melanoma risk [20]. Chronic UV exposure results in increased skin aging, wrinkles, uneven
skin pigmentation, loss of elasticity and a distribution in the skin barrier function [21]. Chronic
UVR exposure is an important risk factor in the development of actinic keratosis (precursor of
SCCs).

Ultraviolet (UV radiation)

UVA

UVB

Genetic syndromes

Xeroderma pigmentosum

Oculocutaneous albinism

Basal cell nevus syndrome

Ionizing radiation

X-rays

Other risk factors

Artificial UV radiation (tanning)

Smoking

Color of skin (having fair skin, especially with blue or hazel eyes)

History of precursor lesions

Chronically injured or non-healing wounds

Working outdoors

Increasing age

Table 1. Risk factors for skin cancer [1-8]
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Candidate Gene Protein
Location on

chromosome
Stage of melanoma References

Gene losses

PTEN
Pten 10q Primary & metastatic [135,136,137]

CDKN2A p16Ink4a/p14Arf 9p Primary & metastatic [135,136]

ITGB3BP Beta-3-endonexin 1p31 Uveal [138]

Gene amplification

BRAF
Braf 7q21.3 Cutaneous [135]

CCND1 cyclinD1 11q13 Acral [136]

CDK4 cdk4 12q14 Acral & mucosal [136]

CDH2 N-cadherin 18q Uveal & metastatic [137,139]

c-MYC c-myc 8q23
Ocular, primary &

metastatic
[135,137,140,141]

MITF Mitf 3p14 Cutaneous, metastatic [142,143]

Table 2. Chromosomal aberrations involving important genes found in melanoma

4. Roadway to melanoma

Malignant melanomas arise from epidermal melanocytes or the melanocyte precursor cell
which are derived from the neural crest and migrate to the skin and hair follicles [22]. Mela‐
noma initiation and progression is accompanied by a series of histological changes. The five
distinct changes are: 1) nevus – benign lesion characterized by an increased number of nested
melanocytes; 2) dysplastic nevus – which is characterized by random, discontinuous and
atypical melanocytes; 3) radial-growth phase (RGP) melanoma where the cells acquire the
ability to proliferate intraepidermally; 4) vertical growth phase (VGP) melanoma – character‐
ized by melanoma cells acquiring the ability to penetrate through the basement membrane
(BM) into underlying dermis and subcutaneous tissue; and 5) metastatic melanoma – charac‐
terized by the spread of melanoma cells to other areas of the skin and other organs. The most
critical event in melanoma progression is the RGP-VGP transition which involves the escape
from keratinocyte mediated growth control. This is consistent with tumor thickness being a
strong predictor of metastatic disease and adverse clinical outcome [23].
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Gene Protein Function Commentary References

Up-

regulation

ATM

ATM kinase
Cell cycle control, DNA

damage response
Melanocytic infiltration [135,136,137]

CDH2 N-cadherin Cell-cell adhesion Melanoma invasiveness [144,145]

MMP-1, 2
Metallo proteinases

-1, 2
Degradation of ECM Tumor progression [146]

SPP1 Osteopontin Inductor of MMP Risk of metastasis [144,147]

SPARC Osteonectin Angiogenesis Tumor progression [144]

WNT5A Wnt5a Cell signaling Melanoma invasiveness [125,148]

CKS2
Cdc28/cdk1 protein

kinase subunit 2
Cell cycle control Poor prognosis [147]

EIF2gamma EIF2γ DNA translation Tumor progression [149]

PCNA PCNA
Cofactor DNA

polymerase
Genome destabilization [150]

Down Regulation

CDH1
E-cadherin Cell-cell adhesion Tumor progression [144,145,147]

CDH3 P-cadherin Cell-cell adhesion Tumor progression [145,151]

CDH10 Cadherin-10 Cell-cell adhesion High risk of metastasis [144]

DSC1 Desmocollin-1
Desmosomal

component
Loss of cell adhesion [137,139,179]

Table 3. Genetic expression signatures associated with the progression of melanomas [24]

Acquisition of somatic mutations in key regulatory genes is the driving force behind the
initiation and progression of melanoma development. For the past few decades numerous
research teams around the world have researched on melanoma genetics leading to an
overwhelming body of information.

5. Susceptibility genes

Approximately 8-12% of all melanomas are familial – occurring in individuals with a history
of familial melanoma [24]. Two genes have been found to be associated with high pene‐
trance susceptibility – CDKN2A and CDK4. Using linkage analysis of families with high
melanoma  incidences,  the  first  melanoma  incidence  susceptibility  gene,  CDK2N2A  was
identified  at  chromosome 9p21  [25,26].  The  gene  CDKN2A encodes  two unrelated  pro‐
teins  –  p16Ink4A  and  p14Arf.  These  proteins  are  tumor  suppressors  involved  in  cell  cycle
regulation.  Numerous  studies  indicate  that  p16Ink4A  inhibits  G1  cyclin  dependent  kinase
(cdk4/cdkb)  mediated  phosphorylation  of  retinoblastoma  protein  (pRB)  resulting  in  cell
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atypical melanocytes; 3) radial-growth phase (RGP) melanoma where the cells acquire the
ability to proliferate intraepidermally; 4) vertical growth phase (VGP) melanoma – character‐
ized by melanoma cells acquiring the ability to penetrate through the basement membrane
(BM) into underlying dermis and subcutaneous tissue; and 5) metastatic melanoma – charac‐
terized by the spread of melanoma cells to other areas of the skin and other organs. The most
critical event in melanoma progression is the RGP-VGP transition which involves the escape
from keratinocyte mediated growth control. This is consistent with tumor thickness being a
strong predictor of metastatic disease and adverse clinical outcome [23].

Highlights in Skin Cancer46

Gene Protein Function Commentary References

Up-

regulation

ATM

ATM kinase
Cell cycle control, DNA

damage response
Melanocytic infiltration [135,136,137]

CDH2 N-cadherin Cell-cell adhesion Melanoma invasiveness [144,145]

MMP-1, 2
Metallo proteinases

-1, 2
Degradation of ECM Tumor progression [146]

SPP1 Osteopontin Inductor of MMP Risk of metastasis [144,147]

SPARC Osteonectin Angiogenesis Tumor progression [144]

WNT5A Wnt5a Cell signaling Melanoma invasiveness [125,148]

CKS2
Cdc28/cdk1 protein

kinase subunit 2
Cell cycle control Poor prognosis [147]

EIF2gamma EIF2γ DNA translation Tumor progression [149]

PCNA PCNA
Cofactor DNA

polymerase
Genome destabilization [150]

Down Regulation

CDH1
E-cadherin Cell-cell adhesion Tumor progression [144,145,147]

CDH3 P-cadherin Cell-cell adhesion Tumor progression [145,151]

CDH10 Cadherin-10 Cell-cell adhesion High risk of metastasis [144]

DSC1 Desmocollin-1
Desmosomal

component
Loss of cell adhesion [137,139,179]

Table 3. Genetic expression signatures associated with the progression of melanomas [24]

Acquisition of somatic mutations in key regulatory genes is the driving force behind the
initiation and progression of melanoma development. For the past few decades numerous
research teams around the world have researched on melanoma genetics leading to an
overwhelming body of information.

5. Susceptibility genes

Approximately 8-12% of all melanomas are familial – occurring in individuals with a history
of familial melanoma [24]. Two genes have been found to be associated with high pene‐
trance susceptibility – CDKN2A and CDK4. Using linkage analysis of families with high
melanoma  incidences,  the  first  melanoma  incidence  susceptibility  gene,  CDK2N2A  was
identified  at  chromosome 9p21  [25,26].  The  gene  CDKN2A encodes  two unrelated  pro‐
teins  –  p16Ink4A  and  p14Arf.  These  proteins  are  tumor  suppressors  involved  in  cell  cycle
regulation.  Numerous  studies  indicate  that  p16Ink4A  inhibits  G1  cyclin  dependent  kinase
(cdk4/cdkb)  mediated  phosphorylation  of  retinoblastoma  protein  (pRB)  resulting  in  cell
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cycle progression arrest  through G1-S;  while p14 favors apoptosis  and blocks oncogenic
transformation  by  stabilizing  p53  levels  through  the  inhibition  of  Mdm2-mediated  p53
ubiquitination [27,28,29,30]. Loss of p16 promotes hyper-phosphorylation of pRb resulting
in its inactivation while the loss of p14 inactivates p53 — leading to unrestricted cell cycle
progression. Germline mutations in CDKN2A have been found in 40% of families with 3
or more family members affected by melanoma [31].  Not all  individuals carrying germ‐
line CDKN2A mutations develop mutations.  Individuals with large numbers of pigment
lesions or nevi have familial atypical mole-melanoma syndrome (FAMS) are associated with
increased risk to developing melanoma [32,33].

The other melanoma susceptibility gene, CDK4 is located at chromosome 12q14 [34,35,36].
Mutations in CDK4 abrogate binding of cdk4 to p16 have been associated with melanoma
pathogenesis [32]. This is evidence that links the entire p16Ink4A-cdk4/cdk6-pRb pathway to
melanoma indicating that hereditary retinoblastoma patients with germline inactivation of
retinoblastoma (Rb1) are predisposed to melanoma [37,38].

6. Acquired genetic alterations in melanoma

Understanding the regulating pathways involved in melanoma development and progression
has advanced significantly in recent years. The discovery of genetic alterations that aids in the
formation of various cancers has aided in the development of numerous molecularly targeted
therapies for individuals with metastatic disease [39,40,41]. These genes are known to be key
molecular driver in melanoma; >70% cases harbor activating mutations in these genes. The
molecule that is most commonly found to be mutated in melanomas is BRAF (~50% of all
cancers) followed by NRAS (20%) and c-kit (1%) [42,43,44]. Melanoma is the result of complex
changes in multiple signaling pathways affecting growth, cell mobility, metabolism and the
ability to escape cell death progression. The Ras-Raf-Mek-Erk pathway followed by PI3K/Akt
pathway is constitutively activated in a significant number of melanoma tumors.

7. The Ras-Raf-Mek-Erk

In  2002,  a  breakthrough  study  found that  Braf  to  be  mutated  in  a  large  percentage  of
melanomas – triggering new studies that focus on MAPK (mitogen activated protein kinase)
signaling in melanomas.  Braf  is  mutated in upto 82% of  cutaneous nevi  [45,46],  66% of
primary  melanomas  [44]  and 40-68% of  metastatic  melanomas  [47,48].  A  specific  muta‐
tion substitution of valine with glutamic acid at residue 600 (BRAF V600E), account for 90%
+ BRAF mutation. Raf, a downstream effector of RAS is a serine-threonine specific protein
kinase that activates Mek, which inturn activates Erk. Humans have 3 Raf genes: A-raf, B-
raf  and C-raf.  The  occurrence  of  mutation  in  Nras  or  Braf  is  80-90% of  all  melanomas
suggests that constitutive activation of extracellular signal regulated protein kinase (Ras-
Raf-Mek-Erk). Most Ras mutations are present in codon 61 of N-Ras with K-Ras and H-
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Ras  mutations  being  relatively  rare  [49,50].  Constitutive  activation  of  Ras-Raf-Mek-Erk
cascade  has  been  shown  to  contribute  to  tumorigenesis  by  inhibiting  apoptosis  and
increasing cell proliferation, tumor invasion and metastasis. Activated Erk plays a pivotal
role in cell  proliferation by controlling the G1- to S-phase transition by negative regula‐
tion of p27 inhibition and upregulation of c-myc activity [51,52]. Inhibition of Erk activity
is associated with G1 cell cycle arrest by upregulation of p21 and reduced phosphoryla‐
tion  [52].  Activated  Erk  is  also  known  to  stimulate  cell  proliferation  by  increasing  the
transcription and stability of c-Jun which is mediated by CREB (cyclic adenosine monophos‐
phate responsive element-binding) and Gsk-3β (glycogen synthase kinase-3beta) respective‐
ly  [53].  Erk  is  also  believed  to  increase  proliferation  by  inhibiting  differentiation.
Constitutively  active  Erk  limits  differentiation  in  melanoma  by  targeting  MITF  (micro‐
phthalmia-associated  transcription  factor)  for  degradation  [54,55,56].  The  activated  Erk
pathway enhances melanoma specific survival by differentially regulating RSK-mediated
phosphorylation and inactivation of the pro-apoptotic protein Bad [57] and inhibiting Jak-
Stat pathway [58].

Erk signaling also contributes towards tumor invasion and metastasis by regulating the
expression of integrin and matrix metalloproteinases (MMPs). Activated Ras-Mek-Erk
pathway drives the production of MMP1 [59,60,61].

8. The PI3K/Akt pathway

The PI3K/Akt pathway is activated in various cancers, mostly on accont of mutations in tumor
suppressor PTEN (phosphatase and tensin homolog) [62]. In melanoma, los of PTEN on
chromosome 10q 23-24 was first reported by Parmiter et al [63]. The PTEN gene encodes a
phosphatase that degrades products of PI3K by dephosphorylating phosphatidylinositol 3,4,5-
triphosphate and phosphatidylinositol 3,4-biphosphate at 3 positions [64]. Loss of PTEN
increases AKT phosphorylation and activity leading to increased mitogenic signaling and
decreased apoptosis [65]. Various studies suggest that 30-40% of melanoma cell lines and 5-15%
of uncultured melanoma specimens carry inactivating mutations or homozygous deletions of
Pten [63,66,67].

Pten encodes a negative regulator of extracellular growth signals that are transcended via
PI3K-Akt pathway. Akt/protein kinase B (PKB), a serine-threonine kinase, is a core component
of the PI3K signaling cascade and is activated through the phosphorylation of Ser 473/474 and
Thr 308/309 [68,69]. Activated Akt regulates a network of factors that control cell proliferation
and survival and this pathway is hyperactive in most metastatic melanomas [70,71,72]. Akt
activates the transcription of a wide variety of genes involved in a wide range of cellular
activities – those involved in immune activation, cell proliferation, apoptosis and cell survival
[69]. Several studies have documented Akt activation in melanoma. Dai et al undertook a 292
sample study of pAkt levels using tissue microarray & immunohistochemistry strategies and
identified strong pAkt expression in 17%, 43%, 49% and 77% of the biopsies in normal nevi,
dysplastic nevi, primary melanoma and melanoma metastasis respectively. An important cell
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cycle progression arrest  through G1-S;  while p14 favors apoptosis  and blocks oncogenic
transformation  by  stabilizing  p53  levels  through  the  inhibition  of  Mdm2-mediated  p53
ubiquitination [27,28,29,30]. Loss of p16 promotes hyper-phosphorylation of pRb resulting
in its inactivation while the loss of p14 inactivates p53 — leading to unrestricted cell cycle
progression. Germline mutations in CDKN2A have been found in 40% of families with 3
or more family members affected by melanoma [31].  Not all  individuals carrying germ‐
line CDKN2A mutations develop mutations.  Individuals with large numbers of pigment
lesions or nevi have familial atypical mole-melanoma syndrome (FAMS) are associated with
increased risk to developing melanoma [32,33].

The other melanoma susceptibility gene, CDK4 is located at chromosome 12q14 [34,35,36].
Mutations in CDK4 abrogate binding of cdk4 to p16 have been associated with melanoma
pathogenesis [32]. This is evidence that links the entire p16Ink4A-cdk4/cdk6-pRb pathway to
melanoma indicating that hereditary retinoblastoma patients with germline inactivation of
retinoblastoma (Rb1) are predisposed to melanoma [37,38].

6. Acquired genetic alterations in melanoma

Understanding the regulating pathways involved in melanoma development and progression
has advanced significantly in recent years. The discovery of genetic alterations that aids in the
formation of various cancers has aided in the development of numerous molecularly targeted
therapies for individuals with metastatic disease [39,40,41]. These genes are known to be key
molecular driver in melanoma; >70% cases harbor activating mutations in these genes. The
molecule that is most commonly found to be mutated in melanomas is BRAF (~50% of all
cancers) followed by NRAS (20%) and c-kit (1%) [42,43,44]. Melanoma is the result of complex
changes in multiple signaling pathways affecting growth, cell mobility, metabolism and the
ability to escape cell death progression. The Ras-Raf-Mek-Erk pathway followed by PI3K/Akt
pathway is constitutively activated in a significant number of melanoma tumors.

7. The Ras-Raf-Mek-Erk

In  2002,  a  breakthrough  study  found that  Braf  to  be  mutated  in  a  large  percentage  of
melanomas – triggering new studies that focus on MAPK (mitogen activated protein kinase)
signaling in melanomas.  Braf  is  mutated in upto 82% of  cutaneous nevi  [45,46],  66% of
primary  melanomas  [44]  and 40-68% of  metastatic  melanomas  [47,48].  A  specific  muta‐
tion substitution of valine with glutamic acid at residue 600 (BRAF V600E), account for 90%
+ BRAF mutation. Raf, a downstream effector of RAS is a serine-threonine specific protein
kinase that activates Mek, which inturn activates Erk. Humans have 3 Raf genes: A-raf, B-
raf  and C-raf.  The  occurrence  of  mutation  in  Nras  or  Braf  is  80-90% of  all  melanomas
suggests that constitutive activation of extracellular signal regulated protein kinase (Ras-
Raf-Mek-Erk). Most Ras mutations are present in codon 61 of N-Ras with K-Ras and H-
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Ras  mutations  being  relatively  rare  [49,50].  Constitutive  activation  of  Ras-Raf-Mek-Erk
cascade  has  been  shown  to  contribute  to  tumorigenesis  by  inhibiting  apoptosis  and
increasing cell proliferation, tumor invasion and metastasis. Activated Erk plays a pivotal
role in cell  proliferation by controlling the G1- to S-phase transition by negative regula‐
tion of p27 inhibition and upregulation of c-myc activity [51,52]. Inhibition of Erk activity
is associated with G1 cell cycle arrest by upregulation of p21 and reduced phosphoryla‐
tion  [52].  Activated  Erk  is  also  known  to  stimulate  cell  proliferation  by  increasing  the
transcription and stability of c-Jun which is mediated by CREB (cyclic adenosine monophos‐
phate responsive element-binding) and Gsk-3β (glycogen synthase kinase-3beta) respective‐
ly  [53].  Erk  is  also  believed  to  increase  proliferation  by  inhibiting  differentiation.
Constitutively  active  Erk  limits  differentiation  in  melanoma  by  targeting  MITF  (micro‐
phthalmia-associated  transcription  factor)  for  degradation  [54,55,56].  The  activated  Erk
pathway enhances melanoma specific survival by differentially regulating RSK-mediated
phosphorylation and inactivation of the pro-apoptotic protein Bad [57] and inhibiting Jak-
Stat pathway [58].

Erk signaling also contributes towards tumor invasion and metastasis by regulating the
expression of integrin and matrix metalloproteinases (MMPs). Activated Ras-Mek-Erk
pathway drives the production of MMP1 [59,60,61].

8. The PI3K/Akt pathway

The PI3K/Akt pathway is activated in various cancers, mostly on accont of mutations in tumor
suppressor PTEN (phosphatase and tensin homolog) [62]. In melanoma, los of PTEN on
chromosome 10q 23-24 was first reported by Parmiter et al [63]. The PTEN gene encodes a
phosphatase that degrades products of PI3K by dephosphorylating phosphatidylinositol 3,4,5-
triphosphate and phosphatidylinositol 3,4-biphosphate at 3 positions [64]. Loss of PTEN
increases AKT phosphorylation and activity leading to increased mitogenic signaling and
decreased apoptosis [65]. Various studies suggest that 30-40% of melanoma cell lines and 5-15%
of uncultured melanoma specimens carry inactivating mutations or homozygous deletions of
Pten [63,66,67].

Pten encodes a negative regulator of extracellular growth signals that are transcended via
PI3K-Akt pathway. Akt/protein kinase B (PKB), a serine-threonine kinase, is a core component
of the PI3K signaling cascade and is activated through the phosphorylation of Ser 473/474 and
Thr 308/309 [68,69]. Activated Akt regulates a network of factors that control cell proliferation
and survival and this pathway is hyperactive in most metastatic melanomas [70,71,72]. Akt
activates the transcription of a wide variety of genes involved in a wide range of cellular
activities – those involved in immune activation, cell proliferation, apoptosis and cell survival
[69]. Several studies have documented Akt activation in melanoma. Dai et al undertook a 292
sample study of pAkt levels using tissue microarray & immunohistochemistry strategies and
identified strong pAkt expression in 17%, 43%, 49% and 77% of the biopsies in normal nevi,
dysplastic nevi, primary melanoma and melanoma metastasis respectively. An important cell
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adhesion protein MelCAM that plays critical roles in melanoma development was increased
upon active Akt expression [73,74]. PI3K and Akt is known to increase the expression of MMP2
and MMP9 by a mechanism involving Akt activation of NF-kappaB binding to the MMP
promoter [75,76]. Akt overexpression led to upregulation of VEGF, increased production of
superoxide ROS. Akt can suppress apoptosis by phosphorylating and inactivating many
proapoptotic proteins like caspase 9 and Bad [77,78]. PI3K pathway emerges as the central axis
that is deregulated in melanoma and along with constitutively active MAPK pathway makes
an important role in melanoma development progression. Thus targeting PI3K is expected to
be an important therapeutic target modality for melanoma treatment.

9. Wnt/β-catenin pathway

Βeta-catenin (β-catenin) is a key component of the Wnt signaling pathway. Signaling through
this pathway controls a wide range of cellular functions and aberrant Wnt/β-catenin signaling
can lead to cancer development and progression [79]. Wnts are glycoproteins that act as ligands
to stimulate receptor-mediated signal transduction pathways involved in cell survival,
proliferation, behavior and fate. Wnt proteins are known to activate 3 different extracellular
pathways – Wnt/β-catenin, Wnt/planar-polarity and Wnt/Ca2+ pathways [80]. The Wnt/β-
catenin also known as the canonical Wnt pathway plays an important role in melanoma
development. In the absence of Wnt ligands, free β-catenin binds to the destructive complex
of Axin, adenomatous polyposis coli (APC) and glycogen synthase kinase-3β (GSK-3β).
GSK-3β mediates the phosphorylation of β-catenin at specific regulatory sites on the N-
terminal side marking β-catenin for ubiquitination and subsequent proteosomal degradation.
Upon the binding of Wnt ligand, GSK--catenin for ubiquitination and subsequent proteosomal
degradation. Upon the binding of Wnt ligand, GSK-3β activity is inhibited resulting in
accumulation of β-catenin in the cytoplasm and shuttles into the nucleus where it serves as an
essential co-activator of the Tcf/Lef (T-cell factor / lymphoid enhancer factor) family [81].
Numerous genes implicated in the tumorigenic process like c-myc and cyclinD1 have been
identified as targets of the canonical Wnt signaling.

Increased nuclear localization of β-catenin – an important indication of activated Wnt signaling
pathway is observed in over a third of melanoma specimens [82,83,84]. Mutations in β-catenin
have been observed in about 23% of melanoma cancer cell lines and these mutations affect
phosphorylation sites at Ser33, Ser37, Thr41 and Ser45 [85] at the N-terminal domain. These
mutations render β-catenin resistant to phosphorylation and subsequent degradation. Low
rates of β-catenin mutation have been observed in primary melanomas and metastasis
indicating that activating mutations is a rare event in melanoma tumorigenesis
[82,83,84,86,87,88]. Mutations in APC were observed sporadically in primary melanomas [82,
85,88]. While APC promoter 1A hypermethylation was observed in 17% of melanoma biopsies
and 13% of melanoma cell lines. Wnt signaling pathways is activated in tumors through
aberration in other genes. ICAT (inhibition of β-catenin & T-cell factor), a gene that negatively
regulates the association of β-catenin with TCF4 thus repressing the transactivation of β-
catenin-Tcf4 target genes [89]. A study by Reifenberger J et al suggests that loss of ICAT
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expression may contribute to the progression of melanoma [86]. ICAT mRNA expression
analysis in two-third melanoma specimens revealed a 20% or less decrease in ICAT transcrip‐
tion [86]. However the mechanism behind the reduced ICAT mRNA level in melanoma is
unclear.

Identification of Wnt target genes is also important towards the study of melanoma progres‐
sion. Brn1, the POU domain transcription factor is directly controlled by Wnt signaling in
transgenic mouse models and melanoma cell lines [90]. Studies indicate that overexpression
of Brn2 is associated with increased melanoma progression and tumorigenicity [90,91].MITF
(microphthalmia-associated transcription factor), a Wnt target gene, is essential for the
development of the melanocyte lineage and has an important role in the control of cell
proliferation, survival and differentiation [54,92,93]. The regulation of MITF expression by β-
catenin significantly influences the growth and survival behavior of treatment resistant
melanoma [94]. A study by Schepsky A et al demonstrated that MITF can directly interact with
β-catenin and redirect transcriptional activity away from canonical Wnt signaling-regulated
target gene specific for MITF [95]. Induction of Wnt signaling can be blocked by 5 different
proteins – Dkk, Wise, sFrp (secreted Frizzled related protein), Wif (wnt inhibitory factor), and
Cerebrus that compete for the Wnt ligand or the Lrz-Frp receptor [96]. Interestingly, Dkk1
(Dickkopf 1) expression is negligible in melanomas [97]. Studies by Kuphal et al have dem‐
onstrated a downregulated or loss of Dkk-1, -2 and-3 in all melanoma cell lines and most of
the melanoma tumor samples that were analyzed [98]. In xenograft mouse model, overex‐
pression of Dkk-1 and Wif-1inhibited melanoma tissue growth [99,100].

10. The JNK/c-Jun pathway

Activation of Jnks is usually in response to diverse stresses. These kinases play an important
role in the regulation of cell proliferation, cell survival, cell death, DNA repair and metabolism.
A variety of extracellular stimuli by cytokines, growth factors, hormones, UV radiation and
tumor promoters are known to activate Jnks [101]. Sequential protein phorphorylation through
a MAP-kinase module (MAP3K-MAP2K-MAPK) is responsible for Jnk activation [102].
Depending upon the cellular context, Jnk has been shown to elicit both positive and negative
effects on tumor development [103]. Activation of Jnk is required for Ras-mediated transfor‐
mation and mediate proliferation and tumor growth [104,105]. These observations are
consistent with the findings of constitutively active Jnk in tumor samples and cell lines
[103,106]. Jnk mediated the phosphorylation at serine 63 & 73 residues enhancing the ability
of transcription factor c-Jun, a component of the AP-1 transcription complex [107]. The
activation of Jnk leas to the induction of AP-1 dependent target genes that play important roles
in cell proliferation, cell death and inflammation. Other members of the AP-1 transcription
complex include c-Jun, Jun B, Jun D, c-Fos, Fra1 and Fra 2. The role of Jnk in oncogenesis is
emerging; however c-Jun is a well defined oncogene in cancer. c-Jun is amplified and overex‐
pressed in undifferentiated and aggressive sarcomas [108], breast and lung cancer [109,110].
Since the 1990s, the role of Jnk pathway in melanomas was recognized [111,112]. c-Jun, Jun B,
c-fos genes play a role in the transformation of melanocytes into malignant melanomas [111].
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adhesion protein MelCAM that plays critical roles in melanoma development was increased
upon active Akt expression [73,74]. PI3K and Akt is known to increase the expression of MMP2
and MMP9 by a mechanism involving Akt activation of NF-kappaB binding to the MMP
promoter [75,76]. Akt overexpression led to upregulation of VEGF, increased production of
superoxide ROS. Akt can suppress apoptosis by phosphorylating and inactivating many
proapoptotic proteins like caspase 9 and Bad [77,78]. PI3K pathway emerges as the central axis
that is deregulated in melanoma and along with constitutively active MAPK pathway makes
an important role in melanoma development progression. Thus targeting PI3K is expected to
be an important therapeutic target modality for melanoma treatment.

9. Wnt/β-catenin pathway

Βeta-catenin (β-catenin) is a key component of the Wnt signaling pathway. Signaling through
this pathway controls a wide range of cellular functions and aberrant Wnt/β-catenin signaling
can lead to cancer development and progression [79]. Wnts are glycoproteins that act as ligands
to stimulate receptor-mediated signal transduction pathways involved in cell survival,
proliferation, behavior and fate. Wnt proteins are known to activate 3 different extracellular
pathways – Wnt/β-catenin, Wnt/planar-polarity and Wnt/Ca2+ pathways [80]. The Wnt/β-
catenin also known as the canonical Wnt pathway plays an important role in melanoma
development. In the absence of Wnt ligands, free β-catenin binds to the destructive complex
of Axin, adenomatous polyposis coli (APC) and glycogen synthase kinase-3β (GSK-3β).
GSK-3β mediates the phosphorylation of β-catenin at specific regulatory sites on the N-
terminal side marking β-catenin for ubiquitination and subsequent proteosomal degradation.
Upon the binding of Wnt ligand, GSK--catenin for ubiquitination and subsequent proteosomal
degradation. Upon the binding of Wnt ligand, GSK-3β activity is inhibited resulting in
accumulation of β-catenin in the cytoplasm and shuttles into the nucleus where it serves as an
essential co-activator of the Tcf/Lef (T-cell factor / lymphoid enhancer factor) family [81].
Numerous genes implicated in the tumorigenic process like c-myc and cyclinD1 have been
identified as targets of the canonical Wnt signaling.

Increased nuclear localization of β-catenin – an important indication of activated Wnt signaling
pathway is observed in over a third of melanoma specimens [82,83,84]. Mutations in β-catenin
have been observed in about 23% of melanoma cancer cell lines and these mutations affect
phosphorylation sites at Ser33, Ser37, Thr41 and Ser45 [85] at the N-terminal domain. These
mutations render β-catenin resistant to phosphorylation and subsequent degradation. Low
rates of β-catenin mutation have been observed in primary melanomas and metastasis
indicating that activating mutations is a rare event in melanoma tumorigenesis
[82,83,84,86,87,88]. Mutations in APC were observed sporadically in primary melanomas [82,
85,88]. While APC promoter 1A hypermethylation was observed in 17% of melanoma biopsies
and 13% of melanoma cell lines. Wnt signaling pathways is activated in tumors through
aberration in other genes. ICAT (inhibition of β-catenin & T-cell factor), a gene that negatively
regulates the association of β-catenin with TCF4 thus repressing the transactivation of β-
catenin-Tcf4 target genes [89]. A study by Reifenberger J et al suggests that loss of ICAT
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expression may contribute to the progression of melanoma [86]. ICAT mRNA expression
analysis in two-third melanoma specimens revealed a 20% or less decrease in ICAT transcrip‐
tion [86]. However the mechanism behind the reduced ICAT mRNA level in melanoma is
unclear.

Identification of Wnt target genes is also important towards the study of melanoma progres‐
sion. Brn1, the POU domain transcription factor is directly controlled by Wnt signaling in
transgenic mouse models and melanoma cell lines [90]. Studies indicate that overexpression
of Brn2 is associated with increased melanoma progression and tumorigenicity [90,91].MITF
(microphthalmia-associated transcription factor), a Wnt target gene, is essential for the
development of the melanocyte lineage and has an important role in the control of cell
proliferation, survival and differentiation [54,92,93]. The regulation of MITF expression by β-
catenin significantly influences the growth and survival behavior of treatment resistant
melanoma [94]. A study by Schepsky A et al demonstrated that MITF can directly interact with
β-catenin and redirect transcriptional activity away from canonical Wnt signaling-regulated
target gene specific for MITF [95]. Induction of Wnt signaling can be blocked by 5 different
proteins – Dkk, Wise, sFrp (secreted Frizzled related protein), Wif (wnt inhibitory factor), and
Cerebrus that compete for the Wnt ligand or the Lrz-Frp receptor [96]. Interestingly, Dkk1
(Dickkopf 1) expression is negligible in melanomas [97]. Studies by Kuphal et al have dem‐
onstrated a downregulated or loss of Dkk-1, -2 and-3 in all melanoma cell lines and most of
the melanoma tumor samples that were analyzed [98]. In xenograft mouse model, overex‐
pression of Dkk-1 and Wif-1inhibited melanoma tissue growth [99,100].

10. The JNK/c-Jun pathway

Activation of Jnks is usually in response to diverse stresses. These kinases play an important
role in the regulation of cell proliferation, cell survival, cell death, DNA repair and metabolism.
A variety of extracellular stimuli by cytokines, growth factors, hormones, UV radiation and
tumor promoters are known to activate Jnks [101]. Sequential protein phorphorylation through
a MAP-kinase module (MAP3K-MAP2K-MAPK) is responsible for Jnk activation [102].
Depending upon the cellular context, Jnk has been shown to elicit both positive and negative
effects on tumor development [103]. Activation of Jnk is required for Ras-mediated transfor‐
mation and mediate proliferation and tumor growth [104,105]. These observations are
consistent with the findings of constitutively active Jnk in tumor samples and cell lines
[103,106]. Jnk mediated the phosphorylation at serine 63 & 73 residues enhancing the ability
of transcription factor c-Jun, a component of the AP-1 transcription complex [107]. The
activation of Jnk leas to the induction of AP-1 dependent target genes that play important roles
in cell proliferation, cell death and inflammation. Other members of the AP-1 transcription
complex include c-Jun, Jun B, Jun D, c-Fos, Fra1 and Fra 2. The role of Jnk in oncogenesis is
emerging; however c-Jun is a well defined oncogene in cancer. c-Jun is amplified and overex‐
pressed in undifferentiated and aggressive sarcomas [108], breast and lung cancer [109,110].
Since the 1990s, the role of Jnk pathway in melanomas was recognized [111,112]. c-Jun, Jun B,
c-fos genes play a role in the transformation of melanocytes into malignant melanomas [111].
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The possible role Jnk pathway has led research teams to study the clinical relevance of
interfering with this pathway. siRNA or chemical inhibitors of Jnk signaling inhibited
proliferation in breast and non-small cell lung cancer (NSCLC) [106,113] and also induced
apoptosis in prostate cancer cells [114]. A study by Gurzov E et al demonstrated that knock‐
down of c-Jun and Jun B in B16F10 melanoma cells by siRNA resulted in increased cell cycle
arrest and apoptosis also resulting in extended survival of mice inoculated with these modified
melanoma cells[115], suggesting that inactivation of c-Jun and Jun B could provide a valuable
strategy for antitumor intervention [115].

11. The NFκB (NF-kappaB) pathway

The NFκB family in mammals contains 5 members – p105/p50 (NFκB1), p100/p52 (NFκB2),
RelA (p65), RelB and c-Rel (J-206, 207). The canonical activation of NFκB pathway involves
TNFα stimulation resulting in the subsequent phosphorylation/activation of IKK (IκB kinase).
In turn, IKK-mediated phosphorylation of IκB leading to ubiquitination of IκB and its
proteosomal degradation, releasing the NFκB complex which activates a host of target genes
[116,117]. The type of genes that get trans-activated depends on the composition of activated
NFκB complex. For instance, complexes containing c-Rel activates pro-apoptotic genes (Dr4/
Dr5, Bcl-x) and inhibits anti-apoptotic genes (cellular inhibitor of apoptosis (cIAP1, cIAP2),
survivin). Complexes containing RelA inhibits the expression of DR4/DR5 and upregulates
caspase 8, cIAP1 and cIAP2 [118].

NFκB is activated in various tumors including melanomas and distinct mechanisms have been
proposed for the elevated levels of NFκB activity in melanomas. Activation of NFκB in
melanomas is also linked to the loss of E-cadherin, a frequent event in melanoma transforma‐
tion [119]. NIK (NFκB interacting kinase), an activator of IKK is overexpressed in melanoma
cells while compared to normal cells. The major contribution of NFκB in melanoma develop‐
ment and progression relates to its function as an important regulator of survival and apop‐
tosis. A study by Meyskens at al demonstrated that in metastatic melanoma cells, an increase
in DNA binding activity of NFκB is associated with an increased expression of p50 and RelA
resulting in increased expression of anti-apoptotic regulators. Also the expression of c-Rel, the
transcriptional activator of pro-apoptotic genes is markedly in melanoma cells compared with
normal melanocytes [120]. Strong p50 nuclear staining also correlated with poor prognosis in
melanoma patients [121]. Besides eliciting anti-apoptotic activities NFκB mediates the
transcription of MMP2 and MMP9 [121,122]. Overexpression of MMPs is associated with
tumor invasion, metastasis and angiogenesis.

12. Melanoma stem cells

Stem cells are cells that can self-renew and the ability to differentiate into various cell lineages.
These cells are located in the restrictive niche (environment). The interaction between stem
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cells and their microenvironment is important for the self renewal process. These cells are
highly clonogenic and slow cycling (quiescent) in response to proliferation and survival
stimuli. Stem cells divide asymmetrically giving rise to a daughter cell that remains a stem cell
(capable of self renewal) and another daughter cell that can rapidly divide and differentiate.
Melanocytes that are found in the skin and in the choroid layer of the eye is derived from the
neural crest (NC). Neural crest cells undergo EMT to migrate along the definite pathways in
the embryo. NC cells give rise to a large array of differentiated cells – melanocytes, peripheral
neurons & glia, endocrine and cartilage cells [123]. Melanoblasts which are melanocytic
precursors – unpigmented cells with the potential to produce melanin, invade the skin areas
and differentiate into melanocytes.

The cancer stem theory suggests that cancer originates from a small subpopulation of neo‐
plastic stem cells that have the potential to self renew and are primarily responsible for
sustaining the tumor and giving rise to progressively differentiating cells that proliferate
rapidly and contribute to the cellular heterogeneity of the tumor (F-194). Cancer stem cells
arise either from undifferentiated stem cells or from cells that possess stem cell like character‐
istics. Evidence suggests that aggressive melanoma cells acquire characteristics of embryonic
stem cells having a multipotent plastic phenotype [124]. Studies by Bittner MP et al demon‐
strated that melanoma cells express genes associated with different cell types like endothelial,
epithelial, fibroblastic, neuronal, hematopoietic and progenitor cells [125]. Strangely genes
specific for melanocytes are downregulated in metastatic melanomas. Tyrosinase & MLANA
(melan A), genes associated with pigmentation are greatly downregulated in aggressive
melanomas [124]. Aggressive melanoma cells express endothelial-associated genes and form
extravascular fluid-conducting networks which allow melanomas to greatly adapt to the
hypoxic microenvironment of rapidly proliferating tumors, a phenomenon called as “vascular
mimicry” [124,126]. From different melanoma cell lines, cells with stem cell-like features which
have the ability to grow as non-adherent cell aggregates known as spheroids/spheres have
been isolated (F-196). These cells have the ability to differentiate into various lineages –
adipogenic, osteogenic, chondrogenic and melanogenic. A study by Bittner M et al demon‐
strated a subset of these spheroid cells express the cell surface marker CD20, a unique
molecular signature of aggressive melanomas [125]. For the treatment of non-Hodkin’s
lymphoma, CD20 is a standard therapeutic target which raises the possibility that CD20 could
be used as a potential target for melanoma treatment [127].

Several studies have demonstrated that aggressive melanoma cells share characteristics with
embryonic progenitors. Evidence suggests a major role for stromal components in all stages
of tumorigenesis (initiation, progression and metastasis) [128]. Noted scientist Stephen Paget
had coined the term “seed & soil” hypothesis predicting that metastatic cells only colonize
soils (organs) that are permissive to their growth[129,130]. Studies show embryonic microen‐
vironment has the capacity to reverse the metastatic phenotype of cancer cells. The microen‐
vironment of human embryonic stem cells reprograms aggressive melanoma cells towards a
less aggressive phenotype [124]. Nodal, an embryonic morphogen of the TGFβ family is
important for sustaining melanoma aggressiveness and plasticity. Nodal is regained in highly
aggressive melanoma cell lines, invasive VGP (vertical growth phase)-stage melanoma and
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precursors – unpigmented cells with the potential to produce melanin, invade the skin areas
and differentiate into melanocytes.

The cancer stem theory suggests that cancer originates from a small subpopulation of neo‐
plastic stem cells that have the potential to self renew and are primarily responsible for
sustaining the tumor and giving rise to progressively differentiating cells that proliferate
rapidly and contribute to the cellular heterogeneity of the tumor (F-194). Cancer stem cells
arise either from undifferentiated stem cells or from cells that possess stem cell like character‐
istics. Evidence suggests that aggressive melanoma cells acquire characteristics of embryonic
stem cells having a multipotent plastic phenotype [124]. Studies by Bittner MP et al demon‐
strated that melanoma cells express genes associated with different cell types like endothelial,
epithelial, fibroblastic, neuronal, hematopoietic and progenitor cells [125]. Strangely genes
specific for melanocytes are downregulated in metastatic melanomas. Tyrosinase & MLANA
(melan A), genes associated with pigmentation are greatly downregulated in aggressive
melanomas [124]. Aggressive melanoma cells express endothelial-associated genes and form
extravascular fluid-conducting networks which allow melanomas to greatly adapt to the
hypoxic microenvironment of rapidly proliferating tumors, a phenomenon called as “vascular
mimicry” [124,126]. From different melanoma cell lines, cells with stem cell-like features which
have the ability to grow as non-adherent cell aggregates known as spheroids/spheres have
been isolated (F-196). These cells have the ability to differentiate into various lineages –
adipogenic, osteogenic, chondrogenic and melanogenic. A study by Bittner M et al demon‐
strated a subset of these spheroid cells express the cell surface marker CD20, a unique
molecular signature of aggressive melanomas [125]. For the treatment of non-Hodkin’s
lymphoma, CD20 is a standard therapeutic target which raises the possibility that CD20 could
be used as a potential target for melanoma treatment [127].

Several studies have demonstrated that aggressive melanoma cells share characteristics with
embryonic progenitors. Evidence suggests a major role for stromal components in all stages
of tumorigenesis (initiation, progression and metastasis) [128]. Noted scientist Stephen Paget
had coined the term “seed & soil” hypothesis predicting that metastatic cells only colonize
soils (organs) that are permissive to their growth[129,130]. Studies show embryonic microen‐
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metastatic melanoma [131], implicating Nodal as a novel diagnostic marker in melanoma
progression and could be a therapeutic target for metastatic melanoma treatment [124].

13. Conclusion

Our understanding of melanoma development and progression has evolved tremendously
over the past three decades. Unfortunately our understanding of the molecular biology of
melanoma is still far from complete despite extensive research and knowledge gained in
chromosomal alterations, mutations in important melanoma-associated genes, epigenetic
modifications and melanoma microenvironment. Even to this day, the best prognostic
significance of primary melanoma is the thickness of the tumor (i.e. RGP → VGP transition)
and the presence/absence of ulcerations. Melanoma still remains as a tumor that is refractory
to current chemotherapeutic treatments. A further study of the interaction between various
signaling pathways will help researchers decipher the complexity of the genetic and epigenetic
changes which eventually would lead to better therapeutic modalities for the treatment of
primary and metastatic melanomas.
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1. Introduction

The word “melanoma” was first used by Rene Laennec, inventor of the stethoscope, in his
manuscript reporting a case of disseminated melanoma in 1812 [1]. Cutaneous malignant
melanoma  (CMM)  arises  from  the  malignant  transformation  of  the  pigment  producing
melanocytes,  which  are  located  and  evenly  distributed  in  the  basal  epidermal  layer  of
human skin. These pigment-producing cells (melanocytes) are located predominantly in the
skin, but also found in the eyes, ears, GI tract, leptomeninges, and oral and genital mucous
membranes [2].

The incidence of cutaneous malignant melanoma has increased significantly among all
Caucasian populations over the last several decades. The rate of incidence of cutaneous
melanoma continues to rise almost inexorably in populations of European origin worldwide.
Diagnosis of melanoma at an early stage is almost curable but there is currently no effective
treatment for advanced melanoma. Probably a large proportion of melanomas can be ascribed
to a single (modifiable) risk factor-sun exposure. It has not been established whether medical
intervention of any kind influences the outcome in the case of melanoma. Major initiatives in
recent years have concentrated on education about sun avoidance, the importance of skin
awareness and skin examination, and the screening of populations at high risk for melanoma.
However, it is unclear whether any of the latter measures have had any significant influence
on mortality from melanoma. The annual increase in incidence rate varies between popula‐
tions, but in general has been in the order of 3–7% per year for fair-skinned Caucasian
populations. CMM represents a significant and growing public health burden because of the
increase in incidence and the consequent mortality [3].
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The cancer statistic in the United States was reported to be 6 cases per 100.000 inhabitants at
the beginning of the 1970s and 18 cases per 100.000 and year at the beginning of 2000, thus
demonstrating a threefold increase in incidence rates. Incidence rates in central Europe
increased in the same time period, from 3 to 4 cases to 10 to 15 cases per 100.000 inhabitants
and year, which is very similar to the increase in the United States. The highest incidence rates
were reported in Australia and New Zealand, with 30 to 60 cases per 100.000 inhabitants and
year [4]. Cutaneous melanoma ranks as the sixth most common cancer in American men and
women, the second most common cancer in patients between the ages of 20 and 35, and the
leading cause of cancer death in women ages 25 to 30 years [5]. Although melanoma accounts
for 5% of all skin cancers in the United States, it is responsible for the most common skin cancer-
related deaths (it accounts for 79 percent of all skin cancer deaths) because of its high mortality
when identified at an advanced stage [6, 7]. The number of deaths due to CMM has also
increased in most fair-skinned populations throughout the world in the past few decades.
However, melanoma mortality rates have been rising at a rate of increase lower than that for
melanoma incidence. Between 1955 and 1984, mortality from CMM had been rising both in
young adults (20–44 years) and in middle-aged populations (45–64 years) in most European
countries, North America, Australia and New Zealand, with a rate of increase of 2–4%
annually. In Australia in 1985–1999 the mean age-standardized mortality rates were 4.8 and
2.5 per 100.000 in men and women, respectively. In 1990–1994 the rate rose by 3.7% in men to
5.0 per 100.000 and in women it fell by 5.2% to 2.4 per 100.000 [3]. Although mortality rates
have increased, 5-year survival has steadily improved over recent decades, and is now greater
than 85%, but melanoma causes disproportionate mortality in those of young and middle age,
such that an average of 18.6 years of potential life are lost for each melanoma death in the USA,
one of the highest rates for adult-onset cancers [8]. Predicted 1-year survival for stage IV disease
ranges between 41% and 59% [5].

The etiology of melanoma is multifactorial that environmental, host, and genetic factors
contribute to its development. The most important environmental risk factor is ultraviolet
radiation (UVR) exposure [6]. Most melanomas are thought to be caused by periodic, intense
sun exposure (particularly during the critical time period of childhood and adolescence),
termed the intermittent exposure hypothesis, though exposure in adulthood certainly also plays
a part. In older people, melanomas appear to be more related to chronic exposure. This is
suggested by the body site distribution of melanomas in the elderly, with more melanomas on
chronically exposed body sites [7, 9]. The most important host risk factor for CMM in fair-
skinned people is the presence of both common acquired and atypical (dysplastic) melanocytic
naevi. Patients with a family history of melanoma are at increased risk. Around 5–12% of
patients with melanoma have a family history of CMM in one or more first-degree relatives.
Some of these patients have an inherited mutation in highly penetrant susceptibility genes
which are associated with a significantly increased risk of melanoma [3].

Cutaneous malignant melanoma is currently classified into four major clinical subtypes:
Superficial spreading, nodular, acral lentiginous, and lentigo maligna, of which superficial
spreading melanoma is by far the most common form (approximately 70%) of CMM [10]. CMM
that is less invasive and locally defined at diagnosis has a five-year survival rate of more than
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95% after treatment by surgical excision alone. Fortunately, the vast majority of CMM
(approximately 80%) are diagnosed at this early stage. If the cancer is more advanced, however,
survival rates drop substantially to 30% to 60% after five years, depending on the tumor
thickness in millimeters (Breslow's depth). Metastatic disease has poor patient outcomes as
treatment options are limited [10].

The prognosis for a patient with a newly diagnosed cutaneous melanoma depends mainly on
two factors— the thickness of the primary tumour and the presence or absence of metastasis
to regional lymph nodes. However, other prognostic factors are very important, including
tumour ulceration, mitotic rate, and presence of regression, as well as sex and age of the patient,
and tumour site [8].

For the primary prevention, physical protection from exposure to sunlight is generally
accepted as the most important element of melanoma risk reduction. It seems particularly
meaningful to prevent multiple erythemas during childhood, convincing parents and care
takers not to let children stay too long under the sun. Sun-protective clothing and hats should
be worn and peak hours of sun intensity should be avoided. For these purposes, mass media
campaigns and widespread public education programmes would be most effective to make
changes in attitude and behaviour towards sun protection [8,11]. The wavelength of light that
is causal for melanoma is still not known and therefore sunscreens should be broad-spectrum
types, providing protection across both UVB and UVA ranges. Advice should be to use
sunscreens that are water proof, and sunscreens must be applied regularly and in sufficient
quantities [12]. Regular screening of the total population for CMM does not seem useful and
is not propagated in any country in the world. However, it seems likely that people with a
familial risk of developing melanomas (those with familial or sporadic dysplastic naevus
syndrome, xeroderma pigmentosum and large congenital naevi, representing approximately
10% of all melanoma patients) can benefit from regular check-ups. Screening in these popu‐
lations, and regular checks (every 6–12 months) lead to earlier detection [11].

2. Etiopathogenesis

2.1. Risk factors

The etiology of melanoma is multifactorial, with environmental, host, and genetic factors
contributing to its development. Ultraviolet radiation exposure is the most important envi‐
ronmental risk factor [6]. The precise type of sun exposure that is causal has been controversial
but the data are now strong that the dominant cause is intermittent sun exposure [12]. Periodic
and intense sun exposure rather than long, heavy sun exposure especially during childhood
and adolescence is the feature of intermittent sun exposure. Also, sunburn history particularly
blistering and peeling burns are important indicators for intermittent sun exposure [7].

In a meta-analysis by Dennis et al., an increased risk of melanoma was seen with an increasing
number of sunburns for all time-periods, including childhood, adolescence, adulthood, and
lifetime [13]. The relationship between melanoma and exposure to ultraviolet light is complex
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that lower incidence of melanoma among people who work outdoors is seen compared with
those working indoors. The possible explanation for this is that chronically tanned skin is less
melanoma-prone than untanned skin exposed to bursts of high intensity sun, in particular
sunburns [14].

The geographic distribution of melanoma supports the importance of UVR exposure in its
pathogenesis. Living closer to the equator, where there is the greatest ambient solar radiation,
is consistently associated with increased melanoma risk [6]. When the incidence and mortality
rates of melanoma compared between Europe and Australia it was reported 5 to 10 times
higher incidence rates in Australia [4]. Melanoma incidence and mortality among Caucasians
correlate inversely with latitude of residence and dose of UV radiation, termed latitude
gradient. In the United States, SEER (Surveillance Epidemiology and End Results) data from
1992 to 2001 demonstrate that the latitude gradient applies only to non-Hispanic whites;
melanoma incidence was not associated with latitude and UV index in Afro-Americans,
Hispanics, Asians and Native Americans [7]. Migration studies also provide evidence for the
effect of ambient UVR exposure levels on melanoma risk [6]. Younger migrants to sunny areas
have an increased risk for melanoma as compared with adult immigrants [7].

The anatomic distribution of melanoma also offers insight into the pathogenesis of the disease
and the role of UVR. The most common sites for melanoma are the trunk in men and the lower
legs in women which are areas of high levels of acute, intermittent sun exposure. In older
people, there is a greater incidence of melanomas located on chronically sun exposed areas
with maximal cumulative sun exposure that the face is the most common location [6,7].

Cust et al. reported that UV radiation exposure from sunbeds is a risk factor for early-onset
melanoma, particularly melanoma diagnosed between ages 18 and 29 years [15]. Artificial
lights (psoralen and ultraviolet A light (PUVA), UVB and tanning booths) have been associated
with the development melanoma [7].

Weaker phenotypic risk factors are related to; the presence of skin that burns easily in the sun
such as: skin phototype I-II, high density of freckles, fair complexion/sun sensitivity, an
increased number of common or atypical/dysplastic nevi (moles), blue eye colour and red hair
colour [12]. Loria et al. reported that the crude relative risk increased significantly for individ‐
uals with red hair, but hair color was no longer significant in multivariate analysis and light-
colored eyes were an independent risk factor even after controlling for the number of nevi,
skin type, and other relevant factors [16].

The strongest phenotypic risk factor for melanoma is the presence of increased numbers of
melanocytic naevi [12]. With growing numbers of melanocytic nevi, the melanoma risk
increases nearly linearly. In addition, the presence of atypical melanocytic nevi was found to
be an independent risk factor [4]. Adults with more than 100 clinically typical-appearing nevi,
children with more than 50 typical-appearing, and any patient with atypical nevi are at risk.
Large congenital nevi are recognized potential precursors of melanoma, although the degree
of risk varies depending on the size of the lesion [7]. Twin studies have provided strong
evidence that naevus number is predominantly genetically determined with a smaller effect
of environmental factors, particularly sun exposure. It is theorized, therefore, that the genes
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that determine naevus number are also common melanoma susceptibility genes [12]. Many of
the oncogenic mutations initially identified in melanomas have also been detected in benign
melanocytic proliferations [5].

Any family history increases the risk of melanoma. Familial melanoma comprises 10-15% of
all patients with melanoma [7,12]. The presence of more than one case of melanoma in a family
may occur by chance alone, or may be due to low penetrance alleles and/or sun exposure habits
common to affected relatives. However, an estimated 25% of familial melanoma is associated
with germline mutations of the CDKN2A gene on chromosome 9 (which codes for the cell
cycle inhibitor protein, p16) and often presents with an autosomal dominant pattern of
transmission [17].

2.2. Genetics

Melanoma develops as a result of accumulated abnormalities in genetic pathways within the
melanocyte. These abnormalities promote cell proliferation and prevent normal pathways of
apoptosis in response to DNA damage [8]. The driving force behind the initiation and
progression of melanoma development is the acquisition of somatic mutations in key regula‐
tory genes. The first gene found to be specifically altered in melanoma was NRAS, which
harbors mutations in 15–25% of melanoma cell lines and primary tumors [14]. NRAS mutations
tend to occur in melanomas arising from intermittently sun-exposed skin [5]. NRAS mutations
are more common in patients with nodular melanomas and melanomas arising on chronically
sun-damaged skin. Recent data have shown that NRAS mutations may be associated with
thicker tumors (>1 mm) and higher mitotic rate (>1/mm2) compared with mutations in
BRAF. In response to a variety of cellular stimuli, including ligand-mediated activation of
receptor tyrosine kinases (RTKs), RAS assumes an activated, GTP-bound state, leading to
recruitment of RAF to the plasma membrane and phosphorylation-driven activation of the
RAF-MEK-ERK cascade [14]. RAS genes acquire their transforming activity following the
acquisition of a single-point mutation that impairs their GTPase activity and leads to constit‐
utive signaling through the mitogen-activated protein kinase (MAPK), PI3K/AKT, and Ral-
GDS pathways [18]. Omholt et al. demonstrated that NRAS mutations are present in the radial
growth phase (RGP) of primary melanoma lesions as well as in tumor-associated nevi and that
they are preserved in corresponding vertical growth phase (VGP) and metastatic lesions [19].

BRAF is a serine/threonine kinase, which is a major player in the Ras-Raf-Mek-Erk mitogen-
activated protein kinase (MAPK) signaling transduction pathway that regulates cell growth,
proliferation, and differentiation in response to various stimuli [7]. Mutations in BRAF have
been found in about 60% of melanoma samples and cell lines. BRAF mutations are common
in benign and dysplastic nevi pointing to a potential initiating role of BRAF in melanocyte
transformation [20]. BRAF mutations are more common in intermittently UV-exposed skin
compared with chronically sun exposed skin or relatively unexposed skin (eg, acral sites,
mucosal sites), which more frequently demonstrate KIT mutations. Acral and mucosal
melanomas have infrequent BRAF mutations, and show greater numbers of chromosomal
aberrations. There can also be frequent gains in CCND1 and regions of chromosome 22, and
losses from chromosome 4q. Curtin et al. demonstrated that melanomas arising on skin without
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compared with chronically sun exposed skin or relatively unexposed skin (eg, acral sites,
mucosal sites), which more frequently demonstrate KIT mutations. Acral and mucosal
melanomas have infrequent BRAF mutations, and show greater numbers of chromosomal
aberrations. There can also be frequent gains in CCND1 and regions of chromosome 22, and
losses from chromosome 4q. Curtin et al. demonstrated that melanomas arising on skin without
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chronic sun-induced damage had frequent mutations in BRAF and frequent losses of chro‐
mosome 10, whereas melanomas on skin with chronic sun-induced damage had infrequent
mutations in BRAF and frequent increases in the number of copies of the CCND1 gene [21].
Omholt et al. demonstrated that BRAF mutations occur at an early stage during melanoma
pathogenesis rather than being associated with metastasis initiation. Although the BRAF
mutations do not seem to be important for metastasis initiation, the finding that they are
preserved throughout tumor progression suggests that they may still influence tumor
maintenance [19]. Although BRAF mutations are highly prevalent (59%) in melanomas
occurring on skin without chronic sun damage, BRAF mutations are significantly less frequent
in acral and mucosal melanomas. BRAF mutations are more commonly detected in superficial
spreading melanomas and melanomas that arise on nonchronically sun-damaged skin [5].

The two recognized major melanoma susceptibility genes, CDKN2A, located on chromosome
9p21.3, and CDK4 both, are involved in controlling cell division. CDKN2A mutations are found
in approximately 20% of tested melanoma families, while CDK4 mutations have been found
to date in only a few families. CDKN2A encodes for two gene products, p14ARF (alternative
reading frame) and p16 (also known as INK4A, inhibitor of kinase 4a), which regulate cell cycle
entry at the G1 checkpoint and stabilize p53 expression [18, 22, 23]. When defective, p16 is
unable to inactivate CDK4 and CDK6, which phosphorylate Rb, releasing the transcription
factor E2F and leading to cell cycle progression [8].

The PTEN gene, located on chromosome 10, encodes a tumor suppressor protein and has also
gained considerable attention as the understanding of melanoma pathogenesis has increased
[24]. The negative regulation of cell interactions with the extracellular matrix could be the way
PTEN phosphatase acts as a tumor suppressor. PTEN gene plays an essential role in human
development. Mutations in PTEN are found in 10%-20% of primary melanomas and have also
been associated with thyroid, breast, and prostate cancer [5,25]. PTEN encodes a negative
regulator of extracellular growth signals that are transmitted via the phosphatidylinositol-3-
kinase (PI3K)-AKT pathway [14]. Inactivation of PTEN allows signaling through the AKT
pathway, which contributes to aberrant cell growth and escape from apoptosis [5].

3. Epidemiology

Generally, an individual's risk for developing melanoma depends on two groups of factors;
intrinsic and extrinsic that is environmental. "Intrinsic" factors are generally an individual's
family history and inherited genotype, while the most relevant environmental factor is sun
exposure. Epidemiologic studies suggest that exposure to ultraviolet radiation (UVA and
UVB) is one of the major contributors to the development of melanoma. UV radiation causes
damage to the DNA of cells, typically thymine dimerization, which when unrepaired can
create mutations in the cell's genes. When the cell divides, these mutations are propagated to
new generations of cells. If the mutations occur in protooncogenes or tumor suppressor genes,
the rate of mitosis in the mutation-bearing cells can become uncontrolled, leading to the
formation of a tumor [26].
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Cutaneous malignant melanoma is the most serious form of skin cancer. In general, cutaneous
melanoma most commonly affects adult Caucasians and is rarely observed before puberty.
Melanoma may occur at any age, although children younger than age 10 years rarely develop
a de novo melanoma. It was reported that in 2002 there were 53.600 new cases, and 7.400 deaths
from cutaneous malignant melanoma in the United States. The incidence rate of MM has
increased 4% per year since 1973 [27]. This epidemic of MM is also evident in other parts of
the industrialized world, including Australia and southern Europe. It is predicted that the
incidence of MM will continue to increase as a result of the continuing decrease in the
concentration of stratospheric ozone and increasing leisure time for sunlight-related recrea‐
tion, including sunbathing, which increases exposure to solar UV radiation [28].

3.1. Environmental factors

Sunlight and most particularly the ultraviolet spectrum of sunlight is the only environmental
factor that has been compellingly implicated as a cause of melanoma [29].

Possible significant elements in determining risk include the intensity and duration of sun
exposure, the age at which sun exposure occurs, and the degree of skin pigmentation. Exposure
during childhood is a more important risk factor than exposure in adulthood [30, 31].

Individuals with blistering or peeling sunburns (especially in the first twenty years of life) have
a significantly greater risk for melanoma. This does not mean that sunburn is the cause of
melanoma. Instead it is merely statistically correlated [32].

Fair and red-headed people, individuals with multiple atypical nevi or dysplastic nevi and
people born with giant congenital melanocytic nevi are at increased risk [33]. Melanoma
incidence is 10–20-fold higher among the fair-skinned than the dark-skinned people. Among
fair-skinned people, melanoma incidence generally increases with proximity to the equator
(some exceptions occur, particularly in continental Europe, where the association is confound‐
ed by pigmentation). Fair-skinned migrants from high- (e.g. the UK) to low-latitude countries
(e.g. Australia) have lower melanoma rates than native-born residents, and vice versa [29].

History of melanoma in melanoma-prone families due to mutations in some genes were found
to greatly increase the risk of a person. (e.g. CDKN2A and CDK4). Patients with a history of
melanoma are at risk of developing a second primary tumor [34, 35].

Looking at the geographical distribution of the incidence of malignant melanoma in Europe
has increased in Northern Europe, especially Scandinavian countries (20.7 per 100.000 person-
year). Incidence rates were lowest in Southern and Eastern Europe for both males and females,
with rates between 5-10 per 100.000 person-year. mortality rates in studies conducted in
Europe (5.1 per 100 000 person-years ranging from 2.5) was found to be different in a lot less.
Death rates lower in women than men had been established. In the 1990s compared the
incidence and mortality rates in southern and eastern Europe, northern and western Europes
have been identified as the highest and lowest [36].

Between the years 1970-2009, a study conducted among young adults in the United States the
incidence of cutaneous melanoma is increasing rapidly, especially among women. This high-
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risk population should be closely monitored constantly [37]. The incidence may be higher due
to melanoma underreporting to cancer registries, particularly for tumors that are diagnosed
and managed in the outpatient setting [38].

While melanoma accounts for roughly 4% of all skin cancers, it causes more than 75% of skin
cancer deaths. Treatment of melanoma in its early stages provides the best opportunity for
cure. In the United States, an estimated approximately 9.000 deaths will occur in 2012.
Melanoma incidence has continued to increase worldwide, with the highest incidence in
Australia and New Zealand. The most recent analysis of global cancer statistics for melanoma,
from 2002, demonstrated a prevalence of 37.7 cases per 100.000 men and 29.4 cases per 100.000
women in Australia and New Zealand, compared with 6.4 cases per 100,000 men and 11.7 cases
per 100.000 women in North America [39].

Differing melanoma incidence between males and females, and the tendency for females
to develop excess melanin pigmentation during periods of hormonal stimulation such as
pregnancy,  has  led  to  a  number  of  studies  investigating  the  role  of  pregnancy,  oral
contraceptives and hormone replacement therapy both as risk factors for melanoma and
also as events that may affect prognosis. Cumulative data from publications on these topics
provide no evidence that prior pregnancy is a risk factor for melanoma. Similarly, there is
no evidence to indicate that oral contraceptive or hormone replacement use contributes to
melanoma risk, nor that either factor alters the prognosis for those in whom melanoma has
already been diagnosed [40, 41].

3.2. Occupation and melanoma

Airline crews, particularly pilots, have been recorded in a number of studies as having a higher-
than-expected incidence of melanoma. It is suggested that this may be due to greater oppor‐
tunities for recreational sun exposure during regulation breaks between flights in areas of the
world with a high solar exposure [42].

A number of publications show conflicting results concerning the risk of melanoma developing
after renal transplantation and the necessary immunosuppression. Studies from Sweden and
the Netherlands show no increase in melanoma incidence over that expected in these countries
[43], while studies from the USA and UK show a significantly increased risk, 3.6- and 8-fold
higher for USA and UK patients, respectively. While some of these differences may relate to
time frames of studies and changes in immunosuppressive regimes over time, further large
long-term contemporary studies are required to determine the degree of increased cutaneous
surveillance required for transplant patients [44].

3.3. Pesticide exposure

A case–control study comparing melanoma on the palms and soles in both the UK and
Australia observed that melanoma patients reported greater exposure to pesticides than that
reported by controls, and recently, an Italian case–control study has confirmed higher use of
pesticides in a residential setting in melanoma patients compared with that in controls.
Interpretation of these data is complex, as over the past decade there have been many regula‐
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tory changes in Europe regarding the range of pesticides available for domestic use. However,
data from these studies indicate that questions regarding the type and frequency of pesticide
use should be added to future case–control studies [43, 44].

3.4. Genetic factors

Xeroderma pigmentosum (XPD) is a genetic disorder with a mutation of the XPD gene leading
to nucleotide excision repair defects. Patients experience 1000-fold greater risk of melanoma
as they are unable to repair UV-induced DNA damage. The relative ability to repair DNA
modifies the risk in the presence of other host factors such as age, poor tanning ability and
dysplastic naevi. Two polymorphisms of the XPD gene are associated with a decreased risk of
melanoma among women with five or more severe sunburns or high cumulative sun exposure.

Mutations of the melanocortin-1 receptor gene variants are more common among fair-skinned
and red-haired people. Polymorphism of this gene is associated with melanoma. The risky
factors are the phenotype of pigmentation of the individual, the presence of atypical naevi, >50
melanocytic naevi, high recreational and occupational sun exposures [45]. People with a past
history of other types of skin cancer (basal cell carcinomas and squamous cell carcinomas)
caused by high doses of solar UV radiation have threefold higher risks of melanoma than the
average population [46].

3.5. Artificial light

Several forms of artificial light have been associated with the development of melanoma in
some studies: fluorescent lighting and suntan beds and parlors. Although exposure to
fluorescent lighting was hypothesized to increase risk for developing melanoma, there have
been no studies to support this idea. On the other hand, the use of tanning lamps and tanning
parlors may increase risk for melanoma [47, 48].

3.6. Female sex hormones and melanoma

Differing melanoma incidence between males and females, and the tendency for females to
develop excess melanin pigmentation during periods of hormonal stimulation like pregnancy,
have led to a number of studies investigating the role of pregnancy, oral contraceptives and
hormone replacement therapy both as risk factors for melanoma and also as events that may
affect prognosis. Cumulative data from publications on these topics provide no evidence that
prior pregnancy is a risk factor for melanoma. Similarly, there is no evidence to indicate that
oral contraceptive or hormone replacement use contributes to melanoma risk, nor that either
factor alters the prognosis for those in whom melanoma has already been diagnosed [41, 49, 50].

4. Clinical presentation

The most common sites that melanomas are found include the trunk (back) followed by the
upper extremities, and head and neck for men; and the lower extremities followed by the back,
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upper extremities, and head and neck for women. Amelanotic melanoma and those resembling
keratoses are particularly difficult to diagnose without a high index of suspicion. Acral
melanoma is the most frequent form of melanoma among Asians, Africans, and other ethnic
groups of color. Subungual melanoma (SM) is a distinctive variant of acral melanoma that
most often involves the nail bed of the great toe or thumb. Clinical types include;

4.1. Lentigo malign melanoma

Lentigo maligna melanoma is one of the 4 main subtypes of invasive melanoma and constitutes
10 to 15% of cutaneous melanomas. Generally, patients with lentigo maligna are older than 40
years, with a mean age of 65 years. The peak incidence occurs in the seventh to eighth decades
of life [51]. The incidence of lentigo maligna subtypes (in situ and invasive) appears to be rising
in the United States [52].

Sir John Hutchinson first described lentigo maligna in 1890; the disease continues to be called
Hutchinson melanotic freckle on occasion. The lesion has subsequently been characterized as
malignant lentigo of elderly people, junctional nevus, and melanoma in situ. Most authors
currently refer to it as lentigo maligna when it is confined to the epidermis and lentigo maligna
melanoma when it violates the dermis [39].

Lentigo maligna melanoma has evolved from a lentigo maligna.They are usually found on
chronically sun damaged skin such as the face and the forearms of the elderly people. The risk
increases as the number of years spent in sunny districts increases, as well as with increased
hours of exposure to sunlight. The incidence of melanoma is highest in Australia, where lentigo
maligna accounts for 10-15% of all melanomas. Approximately 10-30% of all cutaneous
melanoma arise in head and neck regions. The other risk factors for lentigo malign melanoma
are large or giant congenital naevi, fair skin and history of severe sunburn [53].

Many authors consider lentigo maligna to be a preinvasive lesion induced by long-term
cumulative ultraviolet injury. Conceptually, the term melanoma is used when atypical
melanocytes invade the rich vascular and lymphatic networks of the dermis, thereby estab‐
lishing metastatic potential [12, 51, 53].

Most malignant melanomas arise as superficial tumors confined to the epidermis, which is
often known as horizontal growth. At some point, a stepwise accumulation of genetic abnor‐
malities leads to proliferation and progression to the vertical growth phase, which leads to
dermal and deeper involvement and subsequently nodal metastases [54].

Initially the lentigo maligna is a flat, brown or black, irregularly shaped lesion. These lesions
will grow very slowly, over months or years, and there may be central regression while the
peripheral margin continues to extend. In time, a raised central nodule will develop, indicating
transition to the vertical growth phase [12, 51, 53, 54].

Differantial diagnosis of lentigo malign melanom are solar lentigo, pigmented actinic keratosis,
seborrheic keratosis, common acquired nevi and dysplastic nevi [12].

Lentigo maligna is basically in situ melanoma and is characterized by epidermal atrophy,
extensive solar, lentiginous, and back-to-back proliferation of melanoma cells. Only 5% of
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patients with lentigo maligna progress to lentigo maligna melanoma, and it usually takes
several years. Several methods of therapy can be used to treat lentigo maligna including
cryotherapy, superficial radiation therapy, and surgical excision with mapping and modified
Mohs surgery [55, 56].

Some imaging methods before proceeding to the treatment of lentigo maligna melanoma can
be made. Especially, in patients with suspected metastatic disease, PET scan, CT scan and MR
can be made to detect lymph node and internal organ metastases [57].

The treatment of the melanoma is as for other sites in that the margin of excision for tumours
thinner than 2 mm is 1 cm minimum and for thicker tumours should be 2 to 3 cm. It is
recognized, however, that on the face these margins may not be attainable without unaccept‐
able cosmetic deficit. The surgery is also subject to the same constraints as described above for
lentigo maligna, in that there is a high local recurrence rate of the in situ component [12, 58].

4.2. Superficial spreading melanoma

Superficial  spreading  melanoma  is  the  most  common  type  of  cutaneous  melanoma.  It
accounts for nearly 70% of cutaneous melanoma. The mean age at diagnosis is in the fifth
decade. The commonest sites are the female leg and the male back (Figure 1), but every
site may be affected [12].

Figure 1. Superficial spreading melanoma with characteristic asymmetry, irregular borders.
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accounts for nearly 70% of cutaneous melanoma. The mean age at diagnosis is in the fifth
decade. The commonest sites are the female leg and the male back (Figure 1), but every
site may be affected [12].

Figure 1. Superficial spreading melanoma with characteristic asymmetry, irregular borders.
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Superficial spreading melanoma occurs in two phases: At first, superficial spreading melano‐
ma grows horizontally on the skin surface (radial growth phase). The lesion constitutes as a
slowly-enlarging flat area of discoloured skin. At second, superficial spreading melanoma
becomes invasive, the melanoma cells cross the basal membrane of the epidermis. A rapidly-
growing nodular melanoma can start to proliferate more deeply within the skin [59].

The main risk factors for superficial spreading melanoma are: age, previous invasive melano‐
ma or melanoma in situ, nonmelanoma skin cancer, many melanocytic moles, multiple atypical
naevi, family history of melanoma, fair skin and sun damage. Other risk factors include blue
or green eyes and red or blond hair [60, 61].

Superficial spreading melanoma presents as a slowly growing or changing flat patch of
discoloured skin. At first, it often resembles a mole or freckle. It becomes more distinctive in
time, often growing over months to years or even decades before it is detected. Like other flat
forms of cutaneous melanoma, it can be detected by the ABCDE rule: Asymmetry, border
irregularity, colour variation, large diameter and evolving [51].

The characteristics of superficial spreading melanoma are larger size, irregular shape, variable
pigmentation (colours may include light brown, dark brown, black, blue, grey) and irregular
surface. It is generally greater than 6 mm in diameter. Irregular asymmetric borders are
characteristic [12, 51, 59, 60].

Dermoscopy can be very helpful in distinguishing superficial spreading melanoma from other
skin lesions, such as melanocytic naevi, solar lentigines, seborrhoeic keratoses and pigmented
basal cell carcinoma (Figure 2) [62].

The initial treatment of a primary melanoma is to cut it out; the lesion should be completely
excised with a 2-3 cm margin of normal tissue. Further treatment depends mainly on the
Breslow thickness of the lesion. After initial excisional biopsy; the radial excision margins are
measured clinically from the edge of the melanoma. Occasionally, the pathologist will report
incomplete excision of the melanoma, despite wide margins. This means further surgery or
radiotherapy will be recommended to ensure the tumour has been completely removed [12].

4.3. Acral lentiginous melanoma

Acral lentiginous melanoma (ALM) is a rare variant occuring exclusively on the sole, with the
palm and subungual locations [7, 63]. Subungual melanomas often are mistaken for subungual
hematomas (splinter hemorrhages). Subungual melanoma may show itself as a longitudinal
pigmented band (melanonychia striata) within the nail plate. This variant of melanoma may
also affect the oral and nasal mucosa and involve the anogenital area [64]. This is the least
common subtype of melanoma in white people (2-8% of melanoma cases). It is the most
common subtype of melanoma in dark skinned patients (ie, Afro-American, Asian, and
Hispanic people), representing 29-72% of melanoma cases [65, 66]. Not all palmo-plantar
melanomas are ALMs; a minority are superficial spreading or nodular melanomas [7]. ALM
shows typically as an asymmetric, brown to black macule with variegations in colour and
irregular borders [67]. They usually arise from the nail matrix or, less often, from the nail bed
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or nail fold. ALM is similar to lentigo maligna melanoma in that an irregular pigmented macule
is present for a long time [68].

Although the pathogenesis of ALM remains unknown, it has been theorized that the more
intense and chronic trauma experienced in acral locations may be a predisposing factor [69].

ALM has key demographic and life-style differences to differentiate ALM from other mela‐
noma subtypes: it occurs in an older patient population, and is associated with a lower number
of common and atypical nevi, a lower incidence of familial melanoma, and a lower incidence
of sunburn but a higher personal and family history of noncutaneous cancers [69].

Figure 2. Macroscopic view of a superficial spreading melanoma (A), dermoscopic view characterized by blue-white
veil (B).
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There is often a delay in the diagnosis of ALM.The presence of invasion can be deceptive and
may be present in entirely flat lesions [63]. The clinical differential diagnosis of ALM include
a planter wart, which is common reason of delayed diagnosis, black heel (talon noir), lentigines,
melanocytic nevi, tinea nigra, traumatic haemorrhage and tattoos such as by silver nitrate. Any
growing, tender nodule, or an “ulcer” won’t heal, on the sole of the foot, should give rise to
concern that the lesion is a melanoma and biopsy should be considered [12, 70].

4.4. Subungual melanoma

Subungual melanoma, considered a variant of ALM, generally arises from the nail matrix.
They are the most common on the thumb or great toe. It may manifest as diffuse nail discol‐
oration, a longitidunal pigmented band (melanonychia striata) within the nail plate or growth
in the nail bed. Furthermore, 20% of subungual malignant melanomas may present with
amelanocytic lesions rather than melanonychia [7, 71].

Pigment spread to the proximal or lateral nail folds is termed the Hutchinson sign, which is a
hallmark for subungual melanoma. Benign lesions that can mimic subungual melanoma
include longitidunal melanonychia (Figure 3), subungual hematoma, pyogenic granuloma or
even onychomycosis with pigmentation or hemorrhage [7]. Nonresponsiveness to antifungal
drugs should prompt more thorough evaluation, including potential biopsy. Subungual
melanomas are most commonly confused with traumatic hemorrhage. This process is persis‐
tent, often lasting for more than 1 year, but in contrast to melanoma the dark area moves
forward with the nail plate, leaving a normal appearing proximal component. Moreover,
melanoma usually shows distal tapering, with the proximal portion being wider. The possi‐
bility of melanoma should be considered for all pigmented nail bands in fair-skinned patients,
especially if they are darkly pigmented and/or have a width >3mm [67]. If any pigmented
lesion of the nail unit that is strongly suspected of being melanoma, an excisional or incisional
biopsy of the affected area that includes nail matrix should be performed [70].

Overall 5 year survival is disproportionately poor (25-51%) compared to other histological
subtypes [71].

4.5. Nodular melanoma

Nodular melanoma (NM) is the second most common subtype after superficial spreading
melanoma and accounts for approximately 15% to 30% of all melanomas. It is diagnosed most
frequently in patients in their sixth decade of life [63, 67]. NM tends to affect men more than
women. The most common locations are head, neck, the trunk in men (Figure 4) and legs in
women [70].

NM clinically lacks an apparent radial growth phase. It is more common for NM to begin de
novo than to arise in a pre-existing nevus. Typically, it presents as a black or blue-black nodule,
but 5 percent are amelanotic and often misdiagnosed clinically. Thus, any rapidly growing
flesh-colored lesion that persists after 1 month or ulcerates or bleeds should prompt medical
evaluation [7].
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It tends to lack the typical ABCDE melanoma warning signs and thus, may elude early
detection. Histologically, it is believed to lack a preceding radial or in situ growth phase. The
prognosis of NM is generally worse than other forms of melanoma because there is involve‐
ment of the dermis and the lesion is in the “vertical growth phase” at the time of diagnosis.

The clinical differential diagnosis includes hemangioma, pyogenic granuloma, blue nevi,
dermatofibroma, pigmented basal cell carcinoma, as well as other cutaneous neoplasms
(Figure 5). As a general rule, a firm papule or nodule should never be subjected to any form
of monitoring-biopsy if the diagnosis is in doubt [63, 70].

4.6. Mucosal melanoma

Mucosal melanoma is a rare cancer that is clearly distinct from its cutaneous counterpart in
biology, clinical course, and prognosis. It accounts for 1.3%-1.4% of all melanomas; that they
tend to occur near the mucocutaneous junctions of squamous and columnar epithelia. The
most common sites are the head and neck region (conjuctival, intranasal, sinus and oral
cavities), vulva, anorectal, or even urethral melanoma. Activating mutations in the c-KIT gene
are detected in a significant number of patients with mucosal melanoma [72].

Sun exposure does not play a role in the pathogenesis of these lesions. Irritants and carcino‐
genic compounds in the air, such as tobacco smoke and formaldehyde, have been implicated
in the devolepment of head and neck melanoma, the potential role of these compounds is not
clear. The most common presenting trait of mucosal melanoma is the presence of extensive,

Figure 3. Longitidunal melanonychia: longitudinal pigmented band within the nail plate.
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irreguler macular pigmentation. Most mucosal melanomas are lentiginous (mucosal lentigi‐
nous melanoma), followed in incidence by superficial spreading and nodular types.

Because of its hidden location and rich vascularization, mucosal melanoma usually presents
at a more advanced stage and is therefore associated with a higher mortality rate than
cutaneous melanoma [7, 12, 73].

4.7. Childhood melanomas

Childhood melanoma is very rare, particularly before puberty. Approximately 1% to 4% occur
in patients younger than 20 years of age, and only 0.3 to 0.4% occur in pubertal children. After
puberty the incidence of melanoma starts to rise slowly.

As in adults, childhood melanomas mainly affect the white population. Previous surveys have
shown slight female predominance of melanoma in children. The most common primary
tumor sites are the extremities, followed by trunk. Location in head and neck and trunk has
been related to poor prognosis. The risk factors for melanoma in children are parallel those in
adults. There are three known predispositions in childhood melanoma: congenital naevi, the
atypical mole syndrome, familial melanoma and other family cancer syndromes such as
xeroderma pigmentosum and retinoblastoma. Increasing age, UV exposure, and Caucasian
background were also found to be important in pediatric melanoma.

Figure 4. Nodular melanoma manifests as a dark brown-to-black dome-shaped nodule.
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Histologically, childhood melanomas may resemble those of adults, but small cell melanomas
and melanomas with features of Spitz nevus are reported to be more common in this age group.
The differentiation of melanoma from Spitz nevi with atypical features remains a major
challenge for physicians.

Congenital melanoma is extremely rare; most melanomas in children are acquired after birth.
In addition, a mother with visceral metastases can transfer tumor cells transplacentally, giving
birth to a newborn with disseminated metastases.

Although, it seems that pediatric patients with melanoma may have a better prognosis than
adults showing the same type of lesions, a number of children will still develop metastasis and
die of their disease, especially when melanoma is diagnosed after puberty. Treatment follows
the same rationale as in adults, with the aim of early detection and appropriate resection of
the primary melanoma [12, 67, 68, 74, 75].

4.8. Unusual variants of melanoma

4.8.1. Desmoplastic-neurotropic melanoma

Desmoplastic melanoma (DM) is a rare sub-type melanoma that provokes a scar-like tissue
reaction and is frequently associated with neurotropism. It makes up <1% of all melanomas.
It is most commonly develops in older persons and has a male predominance 2:1. The head

Figure 5. Nodular melanoma must be differentiated from pyogenic granuloma, blue nevi, and pigmented basal cell
carcinoma.
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and neck are the most frequently involved sites, although lesions may develop on the trunk
and extremities, palate, gingiva, lip, vulva, anus, and conjunctiva. DMs usually arise on the
skin that has been severely damaged by long-standing sun exposure, although they have been
reported to develop on skin damaged by ionizing radiation and in burn scars [63, 70, 76-78].

Its clinical features are similar to nonmelanoma (keratinocytic) skin cancer. It may occur in
association with macular, lentigo maligna-type pigmentation, or it may present de novo as a
firm, amelanotic nodule or scar. Fifty percent of the time it is amelanotic and may be mistaken
for something as innocent as a scar. In the other 50% of cases it is associated with an overlying
lentigo maligna or superficial spreading melanoma [64, 78]. Lack of pigmentation and clinical
features more suggestive of keratinocytic skin cancer may result in delay in detection and
thicker tumors at diagnosis [39].

Histologically, the tumor is composed of collections of spindle cells diffusely infiltrating the
dermis and often the subcutis, associated with abundant stromal collagen. Many DMs are
deeply invasive at diagnosis and have a tendency to infiltrate perineurally, otherwise called
neurotropic melanoma. Neurotropism is related to increase the frequency of local recurrences.
Also, it seems that neurotropism is associated with a signifiant decrease in survival in patients
with DM. Occasionally, there are some lesions with prominent perineural invasion and no
evidence of an intraepidermal component. These lesions are designated neurotropic melano‐
ma. This seen particularly in lesions on the head and neck area, and may cause severe, relentless
pain. In the recent studies, the percentage of desmoplastic melanomas with neurotropism
ranged from 16.7 to 77.8% [7, 79].

The clinical differential diagnosis is broad, because these lesions often do not have features
that suggest melanoma. Some of the clinical diagnoses that may be rendered include, scar,
basal cell carcinoma, squamous cell carcinoma, fibroma, recurrent nevus, and metastatic
carcinoma. Deep tissue samples are necessary to establish the diagnosis. The use of immuno‐
chemistry (testing for S100 antigen) is suggested as a useful tool in establishing the diagnosis.
This sub-type of melanoma usually lacks any valuable dermoscopic features [12, 76-78].

Local recurrence is common, in 22% to 70% of cases, largely because of the tendency of DM to
exhibit neurotropism. Although deeply invasive, DM is associated with lower metastatic rates
than other sub-types of melanoma when matched for depth of invasion. When they metasta‐
size, these tumors, unlike most melanomas may by-pass regional lymph nodes and spread
hematogenously [7, 64, 70].

4.8.2. Angiotropic melanoma

Angiotropic melanoma is defined by cuffing of (close apposition to) the external surfaces of
either blood microvessels or lymphatic channels by melanoma cells in a pericytic location
without evidence of intravasation in at least two or more foci. Angiotropic metastasis is not
synonymous with vascular invasion. The mechanism of angiotropism of melanoma is not clear.
There may be a special affinity between the tumor cells and the vascular wall. Angiotropism
is seen with greater frequency in melanomas also showing desmoplasia and neurotropism.
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Angiotropism has been suggested to be a prognostic factor strongly predicting risk for
metastasis of melanoma [77, 80].

4.8.3. Nevoid melanoma

Nevoid melanoma describes a heterogeneous grup of rare lesions that they may resemble a
Spitz nevus or an acquired or congenital melanocytic nevus. Nevoid melanoma equally affects
women and men and the mean age of diagnosis is 47 years. It occurs anywhere, but lower
extremities and trunk are preferential sites. Clinically, this may correspond to a tan nodule
typically greater than 1 cm in size, located on the trunk or proximal limbs of a young adult.

Histologically, the architectural pattern appears very similar to that of a compound or
intradermal nevus with an overall symmetry, well-defined lateral margins, minimal or no
intraepidermal pagetoid spread. Histological features mentioning melanoma include the
absence of maturation of dermal tumor cells, slight cytological atypia with some mitoses in
the dermal component [77, 78].

The differential diagnosis includes Spitz nevus, congenital melanocytic nevus, minimal-
deviation melanoma, nodular melanoma and melanoma arising in a dermal nevus. Although
only one study has reported a better biological behavior for this lesion, there is no evidence
that nevoid melanoma has a better prognosis than ordinary melanoma [77, 78, 81].

4.8.4. Verrucous melanoma

Clinically, verrucous melanomas are usually small hyperkeratotic papules without areas of
regression and mimic either a verruca, seborrheic keratosis, or a compound or congenital
naevus. Some studies reported a greater frequency on the extremities of women, but this has
not been confirmed. The back of men also frequently is involved. Histologically, the verrucous
component is represented by marked epithelial hyperplasia. It has the same prognosis as
conventional melanoma [68, 77, 82].

4.8.5. Small cell melanoma

Small cell melanoma describes a heterogeneous group of melanomas arising in different
settings whose common denominator is a population of small cells. A first type, developing
particularly in adults, is comprised of small cells with roundish, hyperchromatic nuclei, slight
cytoplasm, and numerous mitoses resembling Merkel’s cells. A second variant of small cell
melanoma has been described arising de novo in children and adolescent on the scalp or
developing in a congenital nevus. A third type of small cell melanoma has been described in
sun-damaged skin of old patients in the setting of solar melanocytic neoplasia or atypical
lentiginous nevi.

A recent report suggested that a small-cell morphology in melanomas is significantly associ‐
ated with positive sentinel lymph node involvement. Melanomas manifesting this morphology
are invariably in vertical growth phase and have an aggressive course [77, 78, 83].
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either blood microvessels or lymphatic channels by melanoma cells in a pericytic location
without evidence of intravasation in at least two or more foci. Angiotropic metastasis is not
synonymous with vascular invasion. The mechanism of angiotropism of melanoma is not clear.
There may be a special affinity between the tumor cells and the vascular wall. Angiotropism
is seen with greater frequency in melanomas also showing desmoplasia and neurotropism.
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Angiotropism has been suggested to be a prognostic factor strongly predicting risk for
metastasis of melanoma [77, 80].

4.8.3. Nevoid melanoma

Nevoid melanoma describes a heterogeneous grup of rare lesions that they may resemble a
Spitz nevus or an acquired or congenital melanocytic nevus. Nevoid melanoma equally affects
women and men and the mean age of diagnosis is 47 years. It occurs anywhere, but lower
extremities and trunk are preferential sites. Clinically, this may correspond to a tan nodule
typically greater than 1 cm in size, located on the trunk or proximal limbs of a young adult.

Histologically, the architectural pattern appears very similar to that of a compound or
intradermal nevus with an overall symmetry, well-defined lateral margins, minimal or no
intraepidermal pagetoid spread. Histological features mentioning melanoma include the
absence of maturation of dermal tumor cells, slight cytological atypia with some mitoses in
the dermal component [77, 78].

The differential diagnosis includes Spitz nevus, congenital melanocytic nevus, minimal-
deviation melanoma, nodular melanoma and melanoma arising in a dermal nevus. Although
only one study has reported a better biological behavior for this lesion, there is no evidence
that nevoid melanoma has a better prognosis than ordinary melanoma [77, 78, 81].

4.8.4. Verrucous melanoma

Clinically, verrucous melanomas are usually small hyperkeratotic papules without areas of
regression and mimic either a verruca, seborrheic keratosis, or a compound or congenital
naevus. Some studies reported a greater frequency on the extremities of women, but this has
not been confirmed. The back of men also frequently is involved. Histologically, the verrucous
component is represented by marked epithelial hyperplasia. It has the same prognosis as
conventional melanoma [68, 77, 82].

4.8.5. Small cell melanoma

Small cell melanoma describes a heterogeneous group of melanomas arising in different
settings whose common denominator is a population of small cells. A first type, developing
particularly in adults, is comprised of small cells with roundish, hyperchromatic nuclei, slight
cytoplasm, and numerous mitoses resembling Merkel’s cells. A second variant of small cell
melanoma has been described arising de novo in children and adolescent on the scalp or
developing in a congenital nevus. A third type of small cell melanoma has been described in
sun-damaged skin of old patients in the setting of solar melanocytic neoplasia or atypical
lentiginous nevi.

A recent report suggested that a small-cell morphology in melanomas is significantly associ‐
ated with positive sentinel lymph node involvement. Melanomas manifesting this morphology
are invariably in vertical growth phase and have an aggressive course [77, 78, 83].
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4.8.6. Spitzoid melanoma

Spitzoid melanoma is a rare sub-type of melanoma that resembles clinically and histologically
a Spitz nevus. But it tends to be larger and have asymmetry and irregular coloration. It can
occur in children but are more common in adults. Clinically, spitzoid melanomas are changing
nodular lesions, often reaching 1 cm or more in diameter. The nodules are usually amelanotic.
They can mimic hemangiomas, pyogenic granulomas, xanthogranulomas, or basal cell
carcinomas. Less often, the lesions are pigmented and variegated in color. Nodular lesions can
be crusted and ulcerated. The head and extremities are common sites.

Some spitzoid melanomas can evolve from a preexisting Spitz nevus, whereas other spitzoid
melanomas can develop de novo. Differentiation between two of them is sometimes very
difficult, especially in younger patients. The presence of mitoses, the nuclear and nucleolar
pleomorphism of the cells, the asymmetric distribution of the pigment, and an inflammatory
infiltrate with irregular disposition should prompt us to spitzoid melanoma.

The prognosis of spitzoid melanoma in adults is the same as that for other variants of mela‐
noma of equal Breslow thickness [7, 77, 84].

4.8.7. Balloon cell melanoma

Balloon cell malignant melanoma (BCMM) is the rarest histological type of primary cutaneous
melanoma and is composed of large, polyhedral, foamy cells with abundant cytoplasmic
vacuoles. Clinically, lesions appear as soft, rubbery, or firm nodules with a polypoid or
papillomatous contour whose cut surfaces are grayish white or brown. The differential
diagnosis includes balloon cell change in benign nevi including blue nevi and common
acquired nevi, with which balloon cell melanoma may coexist, as well as other malignant clear
cell neoplasms. The presence of cytological atypia, nuclear pleomorphism, and mitoses are
important for its distinction from the more common balloon-cell nevus. The expression of the
usual immunohistochemical markers such as S-100 protein and HMB-54 helps to distinguish
this lesion from other clear cell tumors of the skin. The prognosis is similar to that of other
types of melanoma matched for depth of invasion [70, 77, 78, 85].

4.8.8. Clear cell sarcoma: Melanoma of soft parts

Clear-cell sarcoma (CCS) is a perplexing tumor considered by some authors as a soft tissue
sarcoma derived from the neural crest and by others as an unusual variant or subtype of
melanoma. CCS shows a predilection for the deep soft tissues of the lower extremities close to
the tendon, fascia, or aponeuroses. The tumor presents as a slowly growing deep-seated mass
in close relation with tendons and aponeuroses associated with tenderness and pain. It
generally appears in young adults between the ages of 20 and 40 years.

Histologically, the tumor has a multilobulated apperance made by nests and fascicles of
uniform plump spindle cells seperated by fine to coarse fibrous septa. CCS is an aggressive
neoplasm with a poor prognosis similar to that of sarcomas, with a high rate of local recurrences
and metastases to lymph nodes and lungs. Both survival and distant metastases seem to
correlate with the tumor size more than the histological parameters [12, 67, 77, 86].
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5. Differential diagnosis

Melanoma must be distinguished from a variety of several cutaneous and mucosal lesions.
The differential diagnosis change according to the subtype of melanoma.

5.1. Superficial spreading melanoma

This is the most common type of melanoma. It is usually seen on sun-exposed areas, mostly
on the lower extremities of women, and the upper back of men. Superficial spreading mela‐
noma can present as an irregular macule with variation in color and texture. A papule or nodule
may arise from the macule as the tumor progresses from radial to vertical growth. Superficial
spreading melanoma can present de novo or within a preexisting nevus. Atypical nevus,
melanocytic nevus, lentigo, seborrheic keratosis, Spitz nevus and superficial basal cell carci‐
noma must be distinguished from superficial spreading melanoma [87-89].

There are several features that can aid in distinguishing the common melanocytic nevus from
melanoma. The “ABCD” rule, which has been expanded to the “ABCDE” rule, provides a
helpful aid in the diagnosis of pigmented lesions:

A = Asymmetry

B = Border irregularity

C = Color variegation

D = Diameter greater than 6 mm/Difference

E = Elevation/Evolving

Atypical nevus may be misdiagnosed as melanoma because of focal or minimal pagetoid
spread, confluence of cellular aggregates along the dermal-epidermal junction, prominent
variation  in  nesting  pattern,  significant  cytologic  atypia,  entrapment  of  nests  of  dermal
nevus cells in the papillary dermis,  and dense mononuclear cell  infiltrates.  On occasion,
the distinction of atypical nevus from melanoma is exceedingly difficult. The discrimina‐
tion of melanoma from atypical nevus is usually possible because of the larger size, greater
asymmetry, disorder, cellularity, and cytologic atypia encountered in melanoma. Usually
atypical nevus will maintain an overall symmetry, a nevic appearance as exemplified by
fairly  organized  junctional  nesting,  a  basilar  proliferation  of  melanocytes  that  is  still
concentrated along the epidermal rete and with greater density toward the lower poles of
the rete [89-91]. Melanoma may mimic seborrheic keratoses but also may arise within the
seborrheic keratosis. Spitz nevus is usually domeshaped but may be soft or hard, sessile or
pedunculated. It is usually pink to red but may be brown. In contrast to melanoma, the
patient  can  usually  pinpoint  the  onset  of  the  tumor.  The  nevus  may  persist  but  more
commonly evolves into an intradermal melanocytic nevus. Histologically, the spindle and
epithelioid  nevi  are  characterized  by  a  cellular  uniformity,  as  opposed  to  the  pleomor‐
phism  that  characterizes  malignancy.  The  development  of  an  apparent  spindle  and
epithelioid nevi after puberty should be regarded with concern. [7, 92, 93].
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melanoma and is composed of large, polyhedral, foamy cells with abundant cytoplasmic
vacuoles. Clinically, lesions appear as soft, rubbery, or firm nodules with a polypoid or
papillomatous contour whose cut surfaces are grayish white or brown. The differential
diagnosis includes balloon cell change in benign nevi including blue nevi and common
acquired nevi, with which balloon cell melanoma may coexist, as well as other malignant clear
cell neoplasms. The presence of cytological atypia, nuclear pleomorphism, and mitoses are
important for its distinction from the more common balloon-cell nevus. The expression of the
usual immunohistochemical markers such as S-100 protein and HMB-54 helps to distinguish
this lesion from other clear cell tumors of the skin. The prognosis is similar to that of other
types of melanoma matched for depth of invasion [70, 77, 78, 85].

4.8.8. Clear cell sarcoma: Melanoma of soft parts

Clear-cell sarcoma (CCS) is a perplexing tumor considered by some authors as a soft tissue
sarcoma derived from the neural crest and by others as an unusual variant or subtype of
melanoma. CCS shows a predilection for the deep soft tissues of the lower extremities close to
the tendon, fascia, or aponeuroses. The tumor presents as a slowly growing deep-seated mass
in close relation with tendons and aponeuroses associated with tenderness and pain. It
generally appears in young adults between the ages of 20 and 40 years.

Histologically, the tumor has a multilobulated apperance made by nests and fascicles of
uniform plump spindle cells seperated by fine to coarse fibrous septa. CCS is an aggressive
neoplasm with a poor prognosis similar to that of sarcomas, with a high rate of local recurrences
and metastases to lymph nodes and lungs. Both survival and distant metastases seem to
correlate with the tumor size more than the histological parameters [12, 67, 77, 86].
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Atypical nevus may be misdiagnosed as melanoma because of focal or minimal pagetoid
spread, confluence of cellular aggregates along the dermal-epidermal junction, prominent
variation  in  nesting  pattern,  significant  cytologic  atypia,  entrapment  of  nests  of  dermal
nevus cells in the papillary dermis,  and dense mononuclear cell  infiltrates.  On occasion,
the distinction of atypical nevus from melanoma is exceedingly difficult. The discrimina‐
tion of melanoma from atypical nevus is usually possible because of the larger size, greater
asymmetry, disorder, cellularity, and cytologic atypia encountered in melanoma. Usually
atypical nevus will maintain an overall symmetry, a nevic appearance as exemplified by
fairly  organized  junctional  nesting,  a  basilar  proliferation  of  melanocytes  that  is  still
concentrated along the epidermal rete and with greater density toward the lower poles of
the rete [89-91]. Melanoma may mimic seborrheic keratoses but also may arise within the
seborrheic keratosis. Spitz nevus is usually domeshaped but may be soft or hard, sessile or
pedunculated. It is usually pink to red but may be brown. In contrast to melanoma, the
patient  can  usually  pinpoint  the  onset  of  the  tumor.  The  nevus  may  persist  but  more
commonly evolves into an intradermal melanocytic nevus. Histologically, the spindle and
epithelioid  nevi  are  characterized  by  a  cellular  uniformity,  as  opposed  to  the  pleomor‐
phism  that  characterizes  malignancy.  The  development  of  an  apparent  spindle  and
epithelioid nevi after puberty should be regarded with concern. [7, 92, 93].
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5.2. Nodular melanoma

Nodular melanoma is the second common subtype of melanoma. It is mostly seen on trunk.
This type grows rapidly and enlarge. Instead of arising from the nevus, nodular melanoma
begins de novo. Pigmented nodules may be mistaken with blue nevus, pigmented Spitz nevus,
pigmented basal cell carcinoma, squamous cell carcinoma, metastatic melanoma, Kaposi
sarcoma and angiosarcoma. Amelanotic nodules can be mistaken with basal cell carcinoma,
hemangioma, pyogenic granuloma and Merkel cell carcinoma.

Metastatic melanoma is often fairly monomorphous with little stromal response while nodular
melanoma are often polymorphous and exhibits greater stromal response.

The blue nevus is a dark blue or black, hairless, dome-shaped nodule, ranging in diameter
from a few millimeters to several centimeters, but usually measuring about 5 mm. Its color
results from the Tyndall light-scattering effect of light reflected from deeply placed dermal
pigment through the colloidal medium of the dermis. It most commonly occurs on the head
and neck, dorsum of the hands and feet, and buttocks [87, 94, 95].

The keratoacanthoma, in common with the spindle and epithelioid nevus of Spitz, may
produce the sudden onset of a rapidly growing pigmented nodule, a presentation similar to
that of nodular melanoma. Several vascular lesions, including pyogenic granuloma, throm‐
bosed hemangioma, and capillary aneurysm may also produce similar findings.

Kaposi’s sarcoma usually appears as multiple violaceous plaques or nodules on the lower
extremity. Older tumors tend to assume a reddish brown hue, a pigmentation produced by
extravasated red blood cells, and may regress as new ones appear. Ulceration and hemorrhage
are frequently seen [96-98].

When there is a doubt in clinically; dermoscopic images and histopathological examination
must be done and the exact decision must be made by that.

5.3. Lentigo maligna and lentigo maligna melanoma

Lentigo maligna (LM) has a long radial growth phase that may progress to invasive lentigo
malign melanoma. Some authors consider LM as in situ melanoma. Both subtypes are seen in
older population. The most common locations are cheeks, nose, neck and scalp. It is related to
cumulative sun exposure. Most cases presenting as LM remain in situ lesions; these lesions
commonly occur in cosmetically sensitive areas on the head and neck and can abut critical
anatomic sites, such as the eyelids, ears, nose, and lips [7, 87, 88]. In dermoscopic examination;
hyperpigmented follicular opening, annular-granular pattern, pigmented rhomboidal
structures, obliterated hair follicles are seen. Classical dermoscopic features of extrafacial
melanoma (atypical pigment network, irregularly distributed globules, dots, streaks and
pseudopods) and vertical growth phase-associated dermoscopic criteria (ulceration, blue
papular areas and black structureless areas) can also be seen. [99-101].

Lentigo malign melanoma is confused with solar lentigo, ephelids, pigmented actinic keratosis,
solar melanocytic hyperplasia, flat seborrheic keratosis and superficial pigmented basal cell
carcinoma. Solar lentigines and its amount in excess are predisposed to LMM [7, 99]. Ephelids
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appear early in childhood. They darken in the summer in response to UV irradiation and
lighten in the winter. LM develops irregularities of color, margins, and surface characteristics
and enlarges progressively, unlike a common ephelid. Benign lentigines are usually tan to
brown, flat, and oval, measuring 5 to 10 mm in diameter. Lentigines, whether benign or lentigo
maligna, do not fade when shielded from light. Histologically, they are characterized by an
increased number of normal dendritic melanocytes along the dermo-epidermal junction. The
solar lentigo appears on sun-exposed surfaces during middle to late life, in common with
lentigo maligna, and may closely resemble lentigo maligna [87, 94, 102].

5.4. Acral lentiginous melanoma

The frequency of this subtype in various ethnic groups is different from each other. ALM
represents the most common type in darker-pigmented individuals (in blacks 60-72 %, in
Asians 29-46 %). ALM is diagnosed in fifth or sixth decades. The most common sites for ALM
are the soles, palms and subungual locations. Subungual melanoma may be first evident as a
split nail, a swelling of part of the nail bed, an ulceration with a bloody crust, or a longitudinal
black or brown streak in the nail bed. The great toe and thumb are most often affected. ALM
may be confused with plantar wart, hematoma, palmoplantar nevus and pyogenic granuloma.
Subungual melanoma must be differentiated from glomus tumor, hemorrhage, infection,
onychomycosis, Kaposi’s sarcoma, Bowen’s disease, tinea nigra, melanosis and keratoacantho‐
ma [103-106].

Acral lentiginous melanoma, the most common clinicohistologic type of acral melanoma,
shares some histologic features with LMM but differs from LMM in its younger age at onset,
its anatomic site, the absence of chronic sun exposure, and the greater depth of penetration at
diagnosis [71].

The differential diagnosis for acral melanoma primarily includes lentigines and lentiginous
melanocytic nevi of acral skin. Lentigines of acral skin usually do not exhibit the frequency of
melanocytic proliferation or cytologic atypia that is typical of acral melanoma [7, 97].

5.5. Mucosal melanoma

Mucosal melanomas can arise on the head, neck, vulva, anorectal region and even urethra.
With the exception of conjunctiva, patients present with delayed diagnosis. Because of a radial
growth phase manifesting as a macular pigmentation any suspicious area in these locations
must be biopsied. It can be mistaken with melanotic macules, amalgam tattoo, venous lake,
Kaposi’s sarcoma, genital lentiginosis and atypical intraepidermal melanocytic proliferation
[107-109].

Melanoma of the vulva is really mistaken with vulvar melanosis. Lesions of vulvar melanosis
manifest irregular pigmentation with skip areas up to several centimeters in size, but the
borders are regular and sharp. Histologically, vulvar melanosis manifests prominent basal
layer keratinocytic pigmentation with either a normal or slightly increased density of cyto‐
logically basal melanocytes having prominent elongated dendrites. Pigmented Bowen’s disease
manifests hyperkeratosis and comprises nested neoplastic keratinocytes containing melanin
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increased number of normal dendritic melanocytes along the dermo-epidermal junction. The
solar lentigo appears on sun-exposed surfaces during middle to late life, in common with
lentigo maligna, and may closely resemble lentigo maligna [87, 94, 102].

5.4. Acral lentiginous melanoma

The frequency of this subtype in various ethnic groups is different from each other. ALM
represents the most common type in darker-pigmented individuals (in blacks 60-72 %, in
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Mucosal melanomas can arise on the head, neck, vulva, anorectal region and even urethra.
With the exception of conjunctiva, patients present with delayed diagnosis. Because of a radial
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must be biopsied. It can be mistaken with melanotic macules, amalgam tattoo, venous lake,
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granules. Oral mucosal melanoma usually presents as an irregular brown patch or mass on
the oral mucosa extending to the gingival margins. Esophageal and nasal mucosal melanomas
are occult and present with obstruction or bleeding [108].

5.6. Desmoplastic melanoma

This subtype is rare and locally aggressive. Commonly it arise in the sixth or seventh decades.
The sun-exposed head and neck regions are most effected parts. The lesions have typically
have a firm, sclerotic, or indurated. One half of these melanomas are amelanotic. Desmoplastic
melanoma is usually diagnosed at an advanced stage, because of the difficulty of its diagnosis.

Sclerosing blue nevus, desmoplastic Spitz nevus, dermatofibroma, leiomyosarcoma, malignant
fibrous histiocytoma, atypical fibroxanthoma, spindle cell squamous cell carcinoma and,
neurothekeoma should be thought in differential diagnosis. The desmoplastic Spitz nevus has
an inverted wedge-shaped pattern, manifesting an admixture of spindle cells with delicate
elongated nuclei and ganglion like cells. Early desmoplastic melanoma shows a infiltrative
pattern of growth in which large atypical hyperchromatic spindle cells deform the dermal
architecture and invade the dermis of hair follicles. The neurotropism and foci of chronic
inflamation that exist in desmoplastic melanoma usually are absent in Spitz nevus [110-112].

5.7. Nevoid melanoma

Nevoid melanoma describes a heterogeneous group of rare lesions that histologically resem‐
bles benign nevus by their symmetry and apparent maturation with descent in the dermis.
Histopathologic features include marked hyperchromasia of the nuclei of tumor cells, the
presence of mitoses, and an expansile growth of the dermal cells with effacement of the
adventitia in affected area. It may be seen as a papule or nodule that is more than 1 cm in
diameter. Minimal deviation melanoma, nodular melanoma, and melanoma arising in dermal
nevus must be considered in the differential diagnosis [51, 87].

5.8. Dermoscopy

Dermoscopy, dermatoscopy, epiluminescence microscopy, diascopy, surface microscopy and
incident light microscopy are all synonym. Dermoscopy is a noninvasive technique in which
a handheld device is used to examine a lesion through a film of liquid, mainly immersion oil,
using nonpolarized light, or the lesion is examined under polarized light without a contact
medium. Digital dermoscopy permits computerized digital dermoscopic images to be
retrieved and examined at a later date so that comparisons could be made and changes detected
over time. Confocal scanning laser microscopy and multispectral digital dermatoscopy are
new imaging instruments used for early detection of cutaneous melanomas. Dermoscopy
improves sensitivity up to 30% and specificity of melanoma diagnosis compared with clinical
diagnosis. Morphologic features which are invisible to the naked eye, could be seen with the
help of this technique.
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Various diagnostic dermoscopic algorithms such as the ABCD rule, the seven-point checklist,
pattern analysis, Menzies method, and CASH (color, architechture, symmetry, and homoge‐
neity) have been developed for cutaneous melanoma.

Melanomas are multicolored in brown colors and other colors such as black, blue, and pink.

Usually a multicomponent pattern of three or more distinctive features can be seen. Atypical
pigment network (Figure 6), irregular dots and globules, irregular streaks (pseudopods, radial
streaming), irregular blotches, blue-white veil, abrupt cut-off of the trabeculae (Figure 7),
regression structures (peppering), and atypical vascular architecture are common in invasive
melanomas.

Figure 6. Irregular pigment network is seen (By the courtesy of Prof. Dr. Oya Oğuz).

Figure 7. Notice the abrupt cut-off of the trabeculae (By the courtesy of Prof. Dr. Oya Oğuz).

Highly specific surface microscopic features of cutaneous malignant melanoma metastases are
as follows: saccular pattern (red-blue, red-light brown, reddish-brownish-gray, blue-gray,
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granules. Oral mucosal melanoma usually presents as an irregular brown patch or mass on
the oral mucosa extending to the gingival margins. Esophageal and nasal mucosal melanomas
are occult and present with obstruction or bleeding [108].
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This subtype is rare and locally aggressive. Commonly it arise in the sixth or seventh decades.
The sun-exposed head and neck regions are most effected parts. The lesions have typically
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melanoma is usually diagnosed at an advanced stage, because of the difficulty of its diagnosis.
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architecture and invade the dermis of hair follicles. The neurotropism and foci of chronic
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5.7. Nevoid melanoma

Nevoid melanoma describes a heterogeneous group of rare lesions that histologically resem‐
bles benign nevus by their symmetry and apparent maturation with descent in the dermis.
Histopathologic features include marked hyperchromasia of the nuclei of tumor cells, the
presence of mitoses, and an expansile growth of the dermal cells with effacement of the
adventitia in affected area. It may be seen as a papule or nodule that is more than 1 cm in
diameter. Minimal deviation melanoma, nodular melanoma, and melanoma arising in dermal
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5.8. Dermoscopy

Dermoscopy, dermatoscopy, epiluminescence microscopy, diascopy, surface microscopy and
incident light microscopy are all synonym. Dermoscopy is a noninvasive technique in which
a handheld device is used to examine a lesion through a film of liquid, mainly immersion oil,
using nonpolarized light, or the lesion is examined under polarized light without a contact
medium. Digital dermoscopy permits computerized digital dermoscopic images to be
retrieved and examined at a later date so that comparisons could be made and changes detected
over time. Confocal scanning laser microscopy and multispectral digital dermatoscopy are
new imaging instruments used for early detection of cutaneous melanomas. Dermoscopy
improves sensitivity up to 30% and specificity of melanoma diagnosis compared with clinical
diagnosis. Morphologic features which are invisible to the naked eye, could be seen with the
help of this technique.
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dark brown to black); gray streaks surrounding the lesion (melanoma cell infarcts); red-brown
globules irregular in size and color; polymorphic angiectatic base pattern and/or aneurysms;
areas of polymorphic ectatic vessels running parallel to the skin surface; peripheral erythema
(red corona); microscopic ovoid blood lakes; and homogeneous pattern (brown or blue to
black) [12, 51, 87].

6. Histopathological examination

Essentially all melanomas begin as a proliferation of melanocytes initially confined to the
epidermis. Increasing cytologic atypia of melanocytes accompanies the aberrant architectural
appearance of melanomas. After the period of intraepidermal proliferation, there is often
invasion of the papillary dermis, primarily as single cells and small aggregates of cells. Breslow
thickness (in mm) of melanoma is one of the most important factors determining prognosis
and theraphy. Melanomas with prominent invasive components may display polypoid
morphologies.

6.1. Lentigomaligna/ Lentigomaligna Melanoma (LM/LMM)

Lentigomaligna (known as Hutchinson’s melanotic freckle) which is the precursor lesion of
LMM is characterized by reproduction of atypical melanocytes mainly present in the basal
layer of the epidermis. Tumor cells contain polygonal-shaped, pleomorphic irregularly
hyperchromatic, angulated nuclei (Figure 8). In approximately 85% of cases of LM, multi‐
nucleated melanocytes are seen in the basal layer. These cells are named as “starburst giant
cell”. The presence of atypical melanocytes in the hair follicles and sweat duct epithelium is a
characteristic feature but sometimes it may lead to difficulties in evaluation of tumor thickness
[109, 113, 114]. Also there is effacement of rete ridges [115]. Due to chronically actinic damage,
epidermis is usually atrophic and solar elastosis is seen in the dermal layer [116]. The upper
part of the dermis usually contains melanophages and lymphocytes to a lesser extent [114]. If
the lesion progresses, pagetoid spread may be observed within the epidermis [109]. When
invasion occurs into the dermis, spindled cells and tumor cell pigmentation can be seen [117].

6.2. Superficial spreading melanoma

Superficial spreading melanoma is also known as pagetoid melanoma which characterized by
a proliferation of atypical melanocytes singly and in nests in all layers of the epidermis [114].
Atypical melanocytes sometimes show “buckshot scatter” within the epidermis (Figure 9)
[113]. The large tumor cells contain dark, atypical nuclei and abundant, pale cytoplasm [118].
The epidermis may have normal or hyperplastic appearance [119]. There is a continuous
spread of tumor growth from one rete ridge to another [114]. If the tumor progresses to vertical
growth phase, microinvasive tumor which contains nested and dispersed cells is seen within
the dermis [109].

Highlights in Skin Cancer92

Figure 9. Superficial spreading melanoma: atypical melanocytes are scattered throughout the epidermis. Tumor cells
compose cell groups at basal layer, The melanocytes have abundant eosinophilic cytoplasm and pleomorphic vesicular
nuclei. Nucleoli are prominent (By the courtesy of Dr. Ahmet Cemil Kaur).

6.3. Nodular melanoma

Nodular melanoma has no concomitant or preexisting radial growth phase [109]. It grows
vertically from the beginning and thus may invade the epidermis [113, 114]. Cellular features
include a large nucleoli and frequent mitosis [118]. Epidermal melanocytic proliferation is so
minimal which typically extending less than three epidermal ridges on both sides of tumor

Figure 8. Lentigo maligna: in this in situ lesion, tumor cells are hyperchromatic and distributed in a lentiginous pattern
(By the courtesy of Dr. Ahmet Cemil Kaur).
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[120]. The tumor mass contains small nests and aggregates of atypical melanocytes (Figure
10, 11, 12) [117].

6.4. Acral lentiginous melanoma

Histological changes are not fully clear in the early stages which may be seen irregular
epidermal hyperplasia and dispersed, localized to the basal layer, atypical melanocytes [114].
Atypical cells proliferate as diffuse along to dermoepidermal junction in the radial growth
phase. These cells create a lentiginous pattern by scattered severally [121]. Atypical melano‐
cytes have marked nuclear atypia and also seen around the adnexal structures [109]. In contrast
to acral nevi, pigment is seen throughout the stratum corneum [105]. Other changes in the
epidermis include acanthosis and elongation of the rete ridges.Tumor infiltration of lympho‐
cytes and tumor regression are common findings in ALM. Kim et al. observed that the
frequencies of these findings are 75% and 25% of ALM cases, respectively [122]. The dermal
invasive component is predominantly spindle cell type, but epitheloid or nevoid cells may be
seen. The presence of small nevus cells may indicate a worse prognosis. Additionally lack of
elastosis in dermis is prominent [105, 113, 123].

Figure 10. Nodular melanoma: characteristic melanoma morphology, the tumor is composed of cell groups (By the
courtesy of Dr. Ahmet Cemil Kaur).

6.5. Desmoplastic melanoma

Desmoplastic melanoma is characterized by intensive atypical spindle-shape melanocytes
within dense collagen bundles [124]. Tumor cells have hyperchromatic, elongated nuclei but
usually no contain pigment in their cytoplasm [125, 126]. There are often nodular lymphocytic
aggregates that are helpful in diagnosis [114, 127]. Perineural invasion has been reported in
some studies. In a study by Lens et al., the percentage of desmoplastic melanoma with
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nuerotropism ranged from 16.7% to 77.8% [76]. Kay et al. reported that perineural invasion

was 82% [128]. There are two subtypes of desmoplastic melanoma histologically; i) pure

desmoplastic melanoma that characterized by desmoplasia through out the tumor, ii) and

mixed desmoplastic melanoma that characterized by desmoplasia associated with non-

desmoplastic invasive melanoma [129].

Figure 11. Nodular melanoma: close view, the tumor cells are pleomorphic with abundant cytoplasm, large vesicular
nuclei and prominent nucleoli (By the courtesy of Dr. Ahmet Cemil Kaur).

Figure 12. Nodular melanoma: in this example there is heavy melanin pigmentation (By the courtesy of Dr. Ahmet
Cemil Kaur).
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6.6. Minimal deviation melanoma

Minimal deviation melanoma is a variant of invasive melanoma that characterized by a nodule
with minimal histologic deviation compared to ordinary nevus. It may be confined into the
papillary dermis or may invade into the reticular dermis or beyond. This melanoma variant is
divided into 6 subtypes according to cytological features (Spitz, halo-nevus like, pigmented
spindle cell, desmoplastic, small cell and dermal variant). The average thickness is 3, 40 mm.
The infiltration into the subcutaneous fat tissue is not often seen. Necrosis is absent while
perineural invasion, mitoses and inflammation with desmoplasia can be seen. Mitotic activity
is usually quite low [78, 114, 130, 131].

6.7. Special variants

6.7.1. Follicular melanoma

This rare variant is characterized by a deep-seated follicular structure in which atypical
melanocytic cells extend downward along the follicular epithelium and mainly involves
follicular unit as well as adjacent dermal layer [113, 132, 133].

6.7.2. Myxoid melanoma

Myxoid variant is characterized by spindle and stellate-shaped cells embedded within myxoid
stroma. There is no cytoplasmic mucin in tumor cells. The stroma stains with Alcian blue.
HMB-45 is showed less often while tumor cells strongly express S-100 protein [109, 113].

6.7.3. Balloon cell melanoma

The tumor is composed of large cells that exhibit an abundant quantity of clear or finely
vacuolated cytoplasm. The other histopathological features include nuclear pleomorphism,
mitotic activity, cytological atypia and necrosis [78, 113].

6.8. Histopathologic prognostic factors in melanoma

6.8.1. Tumor thickness

Primary tumor thickness is the most powerful predictor of melanoma survival. The Breslow
thickness that is measured from the most superficial aspect of the granular cell layer to the
deepest point of invasion of the tumor is the better prognostic indicator. If the tumor is
ulcerated, the measurement should be from the base of the ulcer to the deepest dermal
melanoma cell. In AJCC staging system (2001), the thickness thresholds have been revised as
≤1.0 mm, >1.0-2.0 mm, 2.1-4.0 mm and >4 mm. The Breslow thickness increases with increasing
rate of sentinel lymph node involvement: 4% in melanoma smaller than 1.00 mm, 12% in
melanoma 1.01 to 2.00 mm, 28% in melanoma 2.01 to 4.00 mm, and 44% in melanoma exceeding
4.00 mm.
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Clark’s level which is other tumor thickness indicator is described by Clark as anatomic levels
in melanoma invasion (Table 1):

Level I Melanomas confined to the

Level II Penetration by melanomas into

the papillary dermis

Level III Tumor cells fill and expand the

papillary dermis

Level IV Spreading into the reticular

dermis

Level V Penetration into the

subcutaneous fat

Table 1. Clark level of invasion

If Clark’s level increases, the mean life span is decreased [119, 134-137].

6.8.2. Ulceration

Ulceration is defined as disappearance of the all layers of epidermis (including basement
membrane), evidence of host response, and thinning, effacement or reactive hyperplasia of
adjacent epidermis. The presence of ulceration shows that the lesion has aggressive feature.
Ulceration due to trauma should be excluded. The presence of ulceration is associated with a
higher risk of metastases. According to the presence or absence of ulceration, each T category
is divided into two as “a” and “b” in the AJCC cutaneous melanoma classification 2009 (Table
2). This system classifies melanomas on the basis of their local, regional, and distant charac‐
teristics, as follows: [39, 51, 135, 138]

• Stage I and II - Localized primary melanoma

• Stage III - Metastasis to single regional lymph node basin (with or without in-transit
metastases)

• Stage IV – Distant metastatic disease.

6.8.3. Mitotic rate

The mitotic rate is important prognostic indicator that is determined by the number of mitotic
figures/1 mm2 of tumor in the most mitotically active area. The increased mitotic activity is
associated with poor prognosis [51, 114].

6.8.4. Satellite deposites

Microsatellites are defined as discrete tumor aggregates separated from the main body of the
tumor mass. These deposites settled to 0,05 mm or more away from the main tumor mass are

Current Management of Malignant Melanoma: State of the Art
http://dx.doi.org/10.5772/55304

97



6.6. Minimal deviation melanoma

Minimal deviation melanoma is a variant of invasive melanoma that characterized by a nodule
with minimal histologic deviation compared to ordinary nevus. It may be confined into the
papillary dermis or may invade into the reticular dermis or beyond. This melanoma variant is
divided into 6 subtypes according to cytological features (Spitz, halo-nevus like, pigmented
spindle cell, desmoplastic, small cell and dermal variant). The average thickness is 3, 40 mm.
The infiltration into the subcutaneous fat tissue is not often seen. Necrosis is absent while
perineural invasion, mitoses and inflammation with desmoplasia can be seen. Mitotic activity
is usually quite low [78, 114, 130, 131].

6.7. Special variants

6.7.1. Follicular melanoma

This rare variant is characterized by a deep-seated follicular structure in which atypical
melanocytic cells extend downward along the follicular epithelium and mainly involves
follicular unit as well as adjacent dermal layer [113, 132, 133].

6.7.2. Myxoid melanoma

Myxoid variant is characterized by spindle and stellate-shaped cells embedded within myxoid
stroma. There is no cytoplasmic mucin in tumor cells. The stroma stains with Alcian blue.
HMB-45 is showed less often while tumor cells strongly express S-100 protein [109, 113].

6.7.3. Balloon cell melanoma

The tumor is composed of large cells that exhibit an abundant quantity of clear or finely
vacuolated cytoplasm. The other histopathological features include nuclear pleomorphism,
mitotic activity, cytological atypia and necrosis [78, 113].

6.8. Histopathologic prognostic factors in melanoma

6.8.1. Tumor thickness

Primary tumor thickness is the most powerful predictor of melanoma survival. The Breslow
thickness that is measured from the most superficial aspect of the granular cell layer to the
deepest point of invasion of the tumor is the better prognostic indicator. If the tumor is
ulcerated, the measurement should be from the base of the ulcer to the deepest dermal
melanoma cell. In AJCC staging system (2001), the thickness thresholds have been revised as
≤1.0 mm, >1.0-2.0 mm, 2.1-4.0 mm and >4 mm. The Breslow thickness increases with increasing
rate of sentinel lymph node involvement: 4% in melanoma smaller than 1.00 mm, 12% in
melanoma 1.01 to 2.00 mm, 28% in melanoma 2.01 to 4.00 mm, and 44% in melanoma exceeding
4.00 mm.

Highlights in Skin Cancer96

Clark’s level which is other tumor thickness indicator is described by Clark as anatomic levels
in melanoma invasion (Table 1):

Level I Melanomas confined to the

Level II Penetration by melanomas into

the papillary dermis

Level III Tumor cells fill and expand the

papillary dermis

Level IV Spreading into the reticular

dermis

Level V Penetration into the

subcutaneous fat

Table 1. Clark level of invasion

If Clark’s level increases, the mean life span is decreased [119, 134-137].

6.8.2. Ulceration

Ulceration is defined as disappearance of the all layers of epidermis (including basement
membrane), evidence of host response, and thinning, effacement or reactive hyperplasia of
adjacent epidermis. The presence of ulceration shows that the lesion has aggressive feature.
Ulceration due to trauma should be excluded. The presence of ulceration is associated with a
higher risk of metastases. According to the presence or absence of ulceration, each T category
is divided into two as “a” and “b” in the AJCC cutaneous melanoma classification 2009 (Table
2). This system classifies melanomas on the basis of their local, regional, and distant charac‐
teristics, as follows: [39, 51, 135, 138]

• Stage I and II - Localized primary melanoma

• Stage III - Metastasis to single regional lymph node basin (with or without in-transit
metastases)

• Stage IV – Distant metastatic disease.

6.8.3. Mitotic rate

The mitotic rate is important prognostic indicator that is determined by the number of mitotic
figures/1 mm2 of tumor in the most mitotically active area. The increased mitotic activity is
associated with poor prognosis [51, 114].

6.8.4. Satellite deposites

Microsatellites are defined as discrete tumor aggregates separated from the main body of the
tumor mass. These deposites settled to 0,05 mm or more away from the main tumor mass are

Current Management of Malignant Melanoma: State of the Art
http://dx.doi.org/10.5772/55304

97



associated with an increased risk of local recurrence, regional lymph node metastases and
diminished survival [114, 134].

Stage T N M Clinical-Histopathological Features

0 Tis N0 M0 In situ melanoma (ıntraepithelial)

IA T1a N0 M0 ≤1 mm without ulceration

IB T1b N0 M0 ≤1 mm with ulceration

T2a N0 M0 1.01-2 mm without ulceration

IIA T2b N0 M0 1.01-2 mm with ulceration

T3a N0 M0 2.01-4 mm without ulceration

IIB T3b N0 M0 2.01-4 mm with ulceration

T4a N0 M0 4 mm without ulceration

IIC T4b N0 M0 "/>4 mm with ulceration

IIIA T1-4a N1a M0 Single regional nodal micrometastasis, without ulceration

T1-4a N2a M0 2-3 microscopic positive regional nodes, without ulceration

IIIB T1-4b N1a M0 Single regional nodal micrometastasis, with ulceration

T1-4b N2a M0 2-3 microscopic positive regional nodes, with ulceration

T1-4a N1b M0 Single regional nodal macrometastasis, without ulceration

T1-4a N2b M0 2-3 macroscopic regional nodes, without ulceration

T1-4a/b N2c M0 In-transit met(s)/ satellite lesion(s) without metastatic lymph nodes

IIIC T1-4b N1b M0 Single regional nodal macrometastasis, with ulceration

T1-4b N2b M0 2-3 macroscopic regional nodes, with ulceration

Any T N3 M0 4 or more metastatic nodes, matted nodes, or in-transit met(s)/satellite

lesion(s) with metastatic nodes

IV Any T Any N Any

M1

M1a: Distant skin, subcutaneous, or nodal mets with normal LDH levels

M1b: Lung metastases with normal LDH

M1c: All other visceral metastases with normal LDH or any distant metastasis

with elevated LDH

T=tumor size; N=node status; M=metastasis; Ta=without ulceration; Tb=with ulceration;

Table 2. Cutaneous Melanoma Staging

6.8.5. Lymphocytic infiltration

Tumor-infiltrating lymphocytes are an important indicator of host immune response against
melanoma. This response is divided into 3 categories and should be reported as brisk, non-
brisk and absent. Although the presence of host inflammatory response is generally associated
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with a better prognosis in melanoma, there are also studies reporting that no significant
correlation between lymphocytic infiltration and prognosis [119].

6.8.6. Histological subtype

There is no survival difference among three histological subtypes (superficial spreading,
nodular and acral lentiginous) when these are corrected for thickness. But lentigo malign
melanoma, particularly in woman, has been reported to have a better prognosis, independent
of thickness [51].

6.8.7. Regression

Regression is caused by the interaction between melanoma cells and host immune system.
Tumor tissue replaced with degenerative melanoma cells, melanophages, lymphocytic
proliferation, haphazard fibrosis and telangiectasias. Complete regression is characterized by
total absence of malignant melanoma cells in both dermis and epidermis. The correlation
between regression and prognosis is still controversial [119, 134].

6.8.8. Vascular invasion

Tumor cells may invade the vessel lumen. It correlates with the development of in-transit
metastases, when the presence of blood vessel and lymphatic invasion should be reported.
Vascular invasion is associated with poor prognosis and decreased survival in thick cutaneous
malignant melanomas [109, 119]. Angiogenesis is a distinct histological prognostic indicator
that is defined as the increasing development of new blood vessels at the base of the tumor
mass. Increasing angiogenesis is associated with thick tumors, surface ulceration, relapse and
tumor related death [114].

6.9. Immunohistochemistry of melanoma

Immunohistochemical staining is often used for differentiate melanomas from tumors that
they mimic in conventionally stained sections [139].

S-100 is a commonly used sensitive marker for melanoma. But its positivity appears some
tumors such as nerve sheath and granular cell tumors and myoepitheliomas. Although its
sensitivity is 97-100%, its specificity for melanocytic lesions is limited. The specificity of S-100
is ranged from 75% to 87%. S-100 A6 is one of the subtypes of S-100 protein, expressed in both
benign and malignant melanocytic lesions. S-100 A6 has been reported that it is expressed in
approximately 62-100% of metastatic and primary melanomas [140, 141].

HMB-45 is an antibody formed against the cytoplasmic premelanosomal glycoprotein gp100
while  its  sensitivity  is  lower  than S-100,  its  specificity  is  greater.  HMB-45  expression is
maximal  (77-100%)  in  primary melanomas.  This  rate  is  lower  (58-83%)  in  patients  with
metastatic lesions [139].

Melan-A, also known as melanoma antigen recognized by T cells-1 (MART-1), is an important
melanocytic marker. Sensitivity and specificity of Melan-A are similar to HMB-45 that ranged
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associated with an increased risk of local recurrence, regional lymph node metastases and
diminished survival [114, 134].
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T1-4a/b N2c M0 In-transit met(s)/ satellite lesion(s) without metastatic lymph nodes
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Any T N3 M0 4 or more metastatic nodes, matted nodes, or in-transit met(s)/satellite

lesion(s) with metastatic nodes

IV Any T Any N Any

M1

M1a: Distant skin, subcutaneous, or nodal mets with normal LDH levels

M1b: Lung metastases with normal LDH

M1c: All other visceral metastases with normal LDH or any distant metastasis

with elevated LDH

T=tumor size; N=node status; M=metastasis; Ta=without ulceration; Tb=with ulceration;

Table 2. Cutaneous Melanoma Staging

6.8.5. Lymphocytic infiltration

Tumor-infiltrating lymphocytes are an important indicator of host immune response against
melanoma. This response is divided into 3 categories and should be reported as brisk, non-
brisk and absent. Although the presence of host inflammatory response is generally associated
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with a better prognosis in melanoma, there are also studies reporting that no significant
correlation between lymphocytic infiltration and prognosis [119].

6.8.6. Histological subtype

There is no survival difference among three histological subtypes (superficial spreading,
nodular and acral lentiginous) when these are corrected for thickness. But lentigo malign
melanoma, particularly in woman, has been reported to have a better prognosis, independent
of thickness [51].

6.8.7. Regression

Regression is caused by the interaction between melanoma cells and host immune system.
Tumor tissue replaced with degenerative melanoma cells, melanophages, lymphocytic
proliferation, haphazard fibrosis and telangiectasias. Complete regression is characterized by
total absence of malignant melanoma cells in both dermis and epidermis. The correlation
between regression and prognosis is still controversial [119, 134].

6.8.8. Vascular invasion

Tumor cells may invade the vessel lumen. It correlates with the development of in-transit
metastases, when the presence of blood vessel and lymphatic invasion should be reported.
Vascular invasion is associated with poor prognosis and decreased survival in thick cutaneous
malignant melanomas [109, 119]. Angiogenesis is a distinct histological prognostic indicator
that is defined as the increasing development of new blood vessels at the base of the tumor
mass. Increasing angiogenesis is associated with thick tumors, surface ulceration, relapse and
tumor related death [114].

6.9. Immunohistochemistry of melanoma

Immunohistochemical staining is often used for differentiate melanomas from tumors that
they mimic in conventionally stained sections [139].

S-100 is a commonly used sensitive marker for melanoma. But its positivity appears some
tumors such as nerve sheath and granular cell tumors and myoepitheliomas. Although its
sensitivity is 97-100%, its specificity for melanocytic lesions is limited. The specificity of S-100
is ranged from 75% to 87%. S-100 A6 is one of the subtypes of S-100 protein, expressed in both
benign and malignant melanocytic lesions. S-100 A6 has been reported that it is expressed in
approximately 62-100% of metastatic and primary melanomas [140, 141].

HMB-45 is an antibody formed against the cytoplasmic premelanosomal glycoprotein gp100
while  its  sensitivity  is  lower  than S-100,  its  specificity  is  greater.  HMB-45  expression is
maximal  (77-100%)  in  primary melanomas.  This  rate  is  lower  (58-83%)  in  patients  with
metastatic lesions [139].

Melan-A, also known as melanoma antigen recognized by T cells-1 (MART-1), is an important
melanocytic marker. Sensitivity and specificity of Melan-A are similar to HMB-45 that ranged
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from 75-92% and 95-100%, respectively. It is less positive in lesions with metastatic melanomas
than primary melanoma [139].

MIB-1, also known as Ki-67, is a proliferation marker that is expressed by proliferating cells.
It provides guidance about presence or absence of “maturation”. MIB-1 has an important role
in distinguishing between melanocytic nevi and melanoma. While less than 5% of nuclei is
positive in melanocytic nevi, this ratio is greater (25% or more) in melanoma [114, 141].

Tyrosinase is an enzyme that plays a role in hydroxylation of tyrosine in the synthesis of
melanin. Its sensitivity for melanoma is slightly better than HMB-45 at 84-94%. The sensitivity
is reduced in advanced diseases and metastatic lesions (79-93%). The specificity is very high
for melanoma (97-100%) [139].

Microphthalmic transcription factor (MITF) is expressed in most benign melanocytic nevi and
melanomas. Nuclear staining occurs with MITF unlike cytoplasmic markers. MITF expression
has been reported in 81-100% of melanomas [51, 113].

There are also numerous immunohistochemical markers such as epithelial markers (keratin,
EMA, CEA), histiocytic markers (eg. CD68, Mac 378, alpha-1 antitrypsin), Bcl-2, Cyclin D1,
p16, CD40, CD44, melanoma cell adhesion molecule (Mel-CAM) [114].

7. Treatment

7.1. Staging workup

Any lesion that is clinically suspicious for melanoma should ideally undergo an complete
elliptical excisional biopsy with narrow margins (such as 2 mm) [12]. Wide excisions should
be avoided for obtaining an accurate result of the subsequent sentinel lymph node biopsy, if
necessary. Examination of the entire pigmented lesion allows for the greatest chance of
accurate diagnosis and also for the measurement of Breslow thickness and the assessment of
other prognostic factors [142]. Although there is evidence that an incisional biopsy does not
adversely affect survival, this approach should be an exception and reserved for cases in which
the tumor is too large to be excised, or when it is not practical to perform an excision. If the
lesion is large or located on certain anatomical sites such as palm/sole, digit, face or ear, a full-
thickness incisional biopsy can be performed, reaching to the adipose tissue. This biopsy
should be obtained from the most elevated or darkest area of the lesion, although there is not
always a correlation between clinical appearance and the thickest part of the lesion. If initial
biospy confirms melanoma with subtotal excision and if there is significant amount of residual
lesion, a narrow margined re-excision should be immediately made, to evaluate if the patient
is a candidate for sentinel lymph node biopsy.

Although cutaneous melanoma is rare in children and young adults, the incidence is rising
annually in this population. Staging work up is almost similar, in children and adults [143].
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7.2. Evaluation for regional metastasis

7.2.1. Macroscopic metastases

First step should always be history taking and physical examination. A careful lymph node
examination of the whole body should be made, particulary the regions close to the site of the
primary lesion. Also because of the aberrant lymphatic drainage pathways to unexpected
nodal basins and to interval nodes between the primary site and expected regional nodal basin,
a search for clinically detectable nodal disease in unexpected locations is crucial. If there is a
palpable lymph node during physical examination, first a fine needle aspiration biopsy should
be performed to make a histological confirmation. If the result of the fine needle aspiration is
inconclusive, an excisional biospy can be made. For the detection small nodal metastases, best
noninvasive methods seem to be ultrasound imaging and positron emission tomography, with
sensitivity and specificity being lower than tissue diagnosis [144].

7.2.2. Microscopic metastases

Sentinel lymph node biopsy (SLNB) as elective lymph node dissection (ELND) does not offer
a survival advantage to melanoma patients, a new approach, SLNB has become the choice of
biopsy type. Morton developed sentinel node biopsy as a means of ensuring that the node
biopsied was the one most likely to be the first draining lymph node. This technique was widely
adopted although the first randomized clinical trial to evaluate it was only published in 2006.
In SLNB, lymphoscintigraphy is used to identify the lymphatic drainage pattern from the site
of the primary melanoma, by injecting radiolabelled colloid and/or blue dye at the site of the
primary melanoma [145]. The tracer/dye is concentrated in the sentinel node and is detected
using a hand-held gamma probe (neoprobe) and examination by naked eye for the blue stained
node. Sometimes there is more than one sentinel node and sometimes these sentinel nodes are
in different lymph node basins. The node is removed and subjected to pathological examina‐
tion using immunohistochemistry (S100 and HMB-45) The surgical technique must be learnt
and false-negative results are more common in trainees, so an experienced medical team is
vital. The pathological examination of the nodes is also a skilled procedure; naevus cells may
be seen, for example, in the subcapsular area of the node and must be distinguished from
melanoma cells. The likelihood of a positive SLNB result is correlated with Breslow thickness.
Use of SLNB to stage patients for trials of adjuvant therapies would appear reasonable but the
patient should be aware that the risk of positivity is low. In patients with melanoma of Breslow
thickness from 1.5 to 4.0 mm, the risk of positive SLNBs is significantly higher at 23% [146].
The value of SLNB in patients with tumours of Breslow thickness 4 mm or thicker is question‐
able (if the intent is therapeutic as well as being a staging tool) because the risk of haematog‐
enous spread is so high. At present SLNB is of proven staging value but of no established
therapeutic value. Its use in identifying patients for adjuvant therapies means that it will
continue to be used, but its role must be evaluated in the long term.
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from 75-92% and 95-100%, respectively. It is less positive in lesions with metastatic melanomas
than primary melanoma [139].

MIB-1, also known as Ki-67, is a proliferation marker that is expressed by proliferating cells.
It provides guidance about presence or absence of “maturation”. MIB-1 has an important role
in distinguishing between melanocytic nevi and melanoma. While less than 5% of nuclei is
positive in melanocytic nevi, this ratio is greater (25% or more) in melanoma [114, 141].

Tyrosinase is an enzyme that plays a role in hydroxylation of tyrosine in the synthesis of
melanin. Its sensitivity for melanoma is slightly better than HMB-45 at 84-94%. The sensitivity
is reduced in advanced diseases and metastatic lesions (79-93%). The specificity is very high
for melanoma (97-100%) [139].

Microphthalmic transcription factor (MITF) is expressed in most benign melanocytic nevi and
melanomas. Nuclear staining occurs with MITF unlike cytoplasmic markers. MITF expression
has been reported in 81-100% of melanomas [51, 113].

There are also numerous immunohistochemical markers such as epithelial markers (keratin,
EMA, CEA), histiocytic markers (eg. CD68, Mac 378, alpha-1 antitrypsin), Bcl-2, Cyclin D1,
p16, CD40, CD44, melanoma cell adhesion molecule (Mel-CAM) [114].

7. Treatment

7.1. Staging workup

Any lesion that is clinically suspicious for melanoma should ideally undergo an complete
elliptical excisional biopsy with narrow margins (such as 2 mm) [12]. Wide excisions should
be avoided for obtaining an accurate result of the subsequent sentinel lymph node biopsy, if
necessary. Examination of the entire pigmented lesion allows for the greatest chance of
accurate diagnosis and also for the measurement of Breslow thickness and the assessment of
other prognostic factors [142]. Although there is evidence that an incisional biopsy does not
adversely affect survival, this approach should be an exception and reserved for cases in which
the tumor is too large to be excised, or when it is not practical to perform an excision. If the
lesion is large or located on certain anatomical sites such as palm/sole, digit, face or ear, a full-
thickness incisional biopsy can be performed, reaching to the adipose tissue. This biopsy
should be obtained from the most elevated or darkest area of the lesion, although there is not
always a correlation between clinical appearance and the thickest part of the lesion. If initial
biospy confirms melanoma with subtotal excision and if there is significant amount of residual
lesion, a narrow margined re-excision should be immediately made, to evaluate if the patient
is a candidate for sentinel lymph node biopsy.

Although cutaneous melanoma is rare in children and young adults, the incidence is rising
annually in this population. Staging work up is almost similar, in children and adults [143].
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examination of the whole body should be made, particulary the regions close to the site of the
primary lesion. Also because of the aberrant lymphatic drainage pathways to unexpected
nodal basins and to interval nodes between the primary site and expected regional nodal basin,
a search for clinically detectable nodal disease in unexpected locations is crucial. If there is a
palpable lymph node during physical examination, first a fine needle aspiration biopsy should
be performed to make a histological confirmation. If the result of the fine needle aspiration is
inconclusive, an excisional biospy can be made. For the detection small nodal metastases, best
noninvasive methods seem to be ultrasound imaging and positron emission tomography, with
sensitivity and specificity being lower than tissue diagnosis [144].

7.2.2. Microscopic metastases

Sentinel lymph node biopsy (SLNB) as elective lymph node dissection (ELND) does not offer
a survival advantage to melanoma patients, a new approach, SLNB has become the choice of
biopsy type. Morton developed sentinel node biopsy as a means of ensuring that the node
biopsied was the one most likely to be the first draining lymph node. This technique was widely
adopted although the first randomized clinical trial to evaluate it was only published in 2006.
In SLNB, lymphoscintigraphy is used to identify the lymphatic drainage pattern from the site
of the primary melanoma, by injecting radiolabelled colloid and/or blue dye at the site of the
primary melanoma [145]. The tracer/dye is concentrated in the sentinel node and is detected
using a hand-held gamma probe (neoprobe) and examination by naked eye for the blue stained
node. Sometimes there is more than one sentinel node and sometimes these sentinel nodes are
in different lymph node basins. The node is removed and subjected to pathological examina‐
tion using immunohistochemistry (S100 and HMB-45) The surgical technique must be learnt
and false-negative results are more common in trainees, so an experienced medical team is
vital. The pathological examination of the nodes is also a skilled procedure; naevus cells may
be seen, for example, in the subcapsular area of the node and must be distinguished from
melanoma cells. The likelihood of a positive SLNB result is correlated with Breslow thickness.
Use of SLNB to stage patients for trials of adjuvant therapies would appear reasonable but the
patient should be aware that the risk of positivity is low. In patients with melanoma of Breslow
thickness from 1.5 to 4.0 mm, the risk of positive SLNBs is significantly higher at 23% [146].
The value of SLNB in patients with tumours of Breslow thickness 4 mm or thicker is question‐
able (if the intent is therapeutic as well as being a staging tool) because the risk of haematog‐
enous spread is so high. At present SLNB is of proven staging value but of no established
therapeutic value. Its use in identifying patients for adjuvant therapies means that it will
continue to be used, but its role must be evaluated in the long term.
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7.3. Evaluation for distant metastasis

For the evaluation of distant metastases, a thorough examination of the neurologic, psychiatric,
musculoskeletal, skin, lymphatic, endocrine, cardiovascular, and respiratory systems is
necessary. Patients with newly diagnosed melanoma require a complete cutaneous and
physical examination with particular attention to lymphadenopathy and hepatomegaly, and
a baseline chest radiograph. If the latter examinations fail to detect any evidence of metastatic
disease and the patient has no other symptoms or signs, no further laboratory evaluation is
indicated. Current imaging technics like computed tomography, magnetic resonance imaging,
PET, chest X-ray and laboratory tests like LDH are not routinely indicated as their sensitivity
ans specificity are low. According to current guidelines, no additional work up is necessary in
stage 0 and 1A, optional chest X-ray may be performed in stage 1B and 2, optional chest X-ray
and LDH for stage 3 and chest X-ray and/or chest CT and LDH for stage 4 can be done [146].

7.4. Treatment of primary melanoma

The Standard treatment for primary cutaneous melanoma is wide local excision. The aim of
wide excision is to reach histopathologically confirmed tumor-free margins, as well as
preventing local recurrence. Recommended clinical margins around the residual lesion or
biopsy scar for melanoma in situ, non lentigo maligna pattern, is 0.5 to 1 cm; for melanoma <1
mm Breslow depth a 1-cm margin; for melanoma 1 to 2 mm a 1- to 2-cm margin as anatomically
possible; for melanoma ≥ 2 mm a 2-cm margin. lesion excision at special sites, such as the digits,
soles, ears, vagina or anus, also requires individual surgical and functional consideration. For
subungal melanoma, partial or complete amputation of the digit is the choice of treatment.

Lentigo maligna and lentigo maligna melanoma have high potential for sub-clinical peripheral
extension, as their clinical margins are usually poorly defined and obscured by background
photo-damage. For lentigo maligna melanoma, the probability of a macular invasive desmo‐
plastic component is increased. Thus, standard surgical safety margins recommended, are
often insufficient for these two subtypes [12, 51].

7.5. Treatment of regional metastasis

7.5.1. Macrometastatic nodal disease

One of the main causes of melanoma-related morbidity with an important negative effect on
quality of life is the poor control of the nodal disease. Therefore, current standard of therapy
for microscopic or macroscopic melanoma in lymph nodes is complete dissection of the node
in the involved regional basin. According to the current guidelines, adequate lymphadenec‐
tomy is described as at least 10 nodes in the groin region, 15 lymph nodes in the axillary region
and 15 lymph nodes in the neck area. There are also some complications, leading to significant
morbidity, of the lymph node dissection, like wound infection, delayed wound healing,
seroma, lymphedema and nerve damage. In the case of regional metastatic melanoma,
complete lymph node dissection is associated with long-term survival rates [87].

Highlights in Skin Cancer102

7.5.2. Micrometastatic nodal disease

For micrometastatic disease, elective lymph node dissection was the procedure of choice,
historically. It is the dissection of regional lypmh nodes draining the site of a primary cutaneous
melanoma, with no clinically palpable lymph nodes or overt metastatic disease. With today’s
knowledge, according to multiple prospective randomized-controlled trials, survival rates of
the patients undergoing elective lymph node dissection were found to be no higher than other
patients. Thus there is no role for elective lypmh node dissection today, especially considering
its significant morbidity and the availability of sentinel lypmh node biopsy [144]. For the
identification of micrometastatic nodal disease, sentinel node biopsy is the tool of choice. The
only handicap of sentinel node biopsy is that, it can not be classified as therapeutic yet. If the
result of the sentinel lymph node biopsy returns as positive, always a complete lymph node
dissection should be performed. According to current trials of investigations, immediate
complete lymph node dissection has a higher survival rate than delayed dissection.

7.5.3. Adjuvant therapy

Adjuvant therapy is usually given after surgical resection of the primary lesion. It is preferred
in patients with increased relapse risk. When thickness of the primary lesion is higher than 4
mm or when there is nodal involvement, adjuvant therapy is necessary. Up to now, interferon-
α2b (IFN- α2b) is the only form of adjuvant therapy, which is approved by U.S. Food and Drug
Administration. It has been shown that interferon-α2b improves disease-free survival for stage
2B and 3 melanoma, and it also improves overall survival. Interferon-α2b is used in high doses.
There are two phases of treatment with interferon, first phase is induction phase. During
induction, 20 million units per square meter of body surface area per day, are given intrave‐
nously, 5 days a week, for 4 weeks. After this high dose period, during the maintenance period,
10 million units per square meter per day, given subcutaneously three times a week for 48
weeks. During or after interferon treatment, autoantibodies like antithyroid, anti-nuclear, anti-
DNA, anticardiolipin autoantibodies may appear in blood tests of the patients and some
autoimmune diseases may develop. Both autoantibody positivity and development of
autoimmune diseases are associated with increased survival in those patients. High dose
interferon treatment may cause flu-like symptoms, fatigue, malaise, fever, nausea and
headache, depression, elevated levels of transaminases and myelosupression [147].

Melanoma vaccines: Vaccines stimulate specific immune response against melanoma-
associated antigens. They can be of autologous, allogenic or peptide type and also immuno‐
logic adjuvants like bacille Calmette-Guérin or DETOX are added. Target of the vacines can
be autologous tumor cells, allogenic melanoma cells, or more specifically heat shock proteins
and T cell defined antigens glycoprotein 100, tyrosinase, MART-1. Up to now, none of the trials
showed increased survival for the patients using these vaccines but more research on this area
should be done.
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7.3. Evaluation for distant metastasis
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The Standard treatment for primary cutaneous melanoma is wide local excision. The aim of
wide excision is to reach histopathologically confirmed tumor-free margins, as well as
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biopsy scar for melanoma in situ, non lentigo maligna pattern, is 0.5 to 1 cm; for melanoma <1
mm Breslow depth a 1-cm margin; for melanoma 1 to 2 mm a 1- to 2-cm margin as anatomically
possible; for melanoma ≥ 2 mm a 2-cm margin. lesion excision at special sites, such as the digits,
soles, ears, vagina or anus, also requires individual surgical and functional consideration. For
subungal melanoma, partial or complete amputation of the digit is the choice of treatment.

Lentigo maligna and lentigo maligna melanoma have high potential for sub-clinical peripheral
extension, as their clinical margins are usually poorly defined and obscured by background
photo-damage. For lentigo maligna melanoma, the probability of a macular invasive desmo‐
plastic component is increased. Thus, standard surgical safety margins recommended, are
often insufficient for these two subtypes [12, 51].

7.5. Treatment of regional metastasis

7.5.1. Macrometastatic nodal disease

One of the main causes of melanoma-related morbidity with an important negative effect on
quality of life is the poor control of the nodal disease. Therefore, current standard of therapy
for microscopic or macroscopic melanoma in lymph nodes is complete dissection of the node
in the involved regional basin. According to the current guidelines, adequate lymphadenec‐
tomy is described as at least 10 nodes in the groin region, 15 lymph nodes in the axillary region
and 15 lymph nodes in the neck area. There are also some complications, leading to significant
morbidity, of the lymph node dissection, like wound infection, delayed wound healing,
seroma, lymphedema and nerve damage. In the case of regional metastatic melanoma,
complete lymph node dissection is associated with long-term survival rates [87].
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7.5.2. Micrometastatic nodal disease

For micrometastatic disease, elective lymph node dissection was the procedure of choice,
historically. It is the dissection of regional lypmh nodes draining the site of a primary cutaneous
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result of the sentinel lymph node biopsy returns as positive, always a complete lymph node
dissection should be performed. According to current trials of investigations, immediate
complete lymph node dissection has a higher survival rate than delayed dissection.
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α2b (IFN- α2b) is the only form of adjuvant therapy, which is approved by U.S. Food and Drug
Administration. It has been shown that interferon-α2b improves disease-free survival for stage
2B and 3 melanoma, and it also improves overall survival. Interferon-α2b is used in high doses.
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induction, 20 million units per square meter of body surface area per day, are given intrave‐
nously, 5 days a week, for 4 weeks. After this high dose period, during the maintenance period,
10 million units per square meter per day, given subcutaneously three times a week for 48
weeks. During or after interferon treatment, autoantibodies like antithyroid, anti-nuclear, anti-
DNA, anticardiolipin autoantibodies may appear in blood tests of the patients and some
autoimmune diseases may develop. Both autoantibody positivity and development of
autoimmune diseases are associated with increased survival in those patients. High dose
interferon treatment may cause flu-like symptoms, fatigue, malaise, fever, nausea and
headache, depression, elevated levels of transaminases and myelosupression [147].

Melanoma vaccines: Vaccines stimulate specific immune response against melanoma-
associated antigens. They can be of autologous, allogenic or peptide type and also immuno‐
logic adjuvants like bacille Calmette-Guérin or DETOX are added. Target of the vacines can
be autologous tumor cells, allogenic melanoma cells, or more specifically heat shock proteins
and T cell defined antigens glycoprotein 100, tyrosinase, MART-1. Up to now, none of the trials
showed increased survival for the patients using these vaccines but more research on this area
should be done.
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7.5.4. Satellite metastases

For localized disease, limited to one extremity only, first choice of treatment should ideally be
surgical excision with clear margins if possible. But in case of multiple lesions, chance of
performing an ideal excision may be low, so in that case, isolated limb perfusion can be
considered. It is a simple and less invasive, yet more effective treatment. Main idea about
isolated limb perfusion is giving high doses of chemotherapeutic agents locally, to avoid
systemic toxicity, and obtain more therapeutic effect. The technique of this method involves
perfusing an isolated arm or leg, in a hyperthermic environment, with cytotoxic agents.
Conventinally chemotherapeutic agent used in this procedure is melphalan. Approximately
in half of the patients, complete disappearance of the lesion is observed. Although systemic
side effects of this method is fairly less, when compared to conventinal chemotherapy, local
side effects can be serious. Significant tissue damage due to high concentrations of cytotoxic
agent can be seen. Compartment syndrome is one of the most severe morbidities. Advanced
age and patients with serious co-morbidities are usually not preferred for this type of treat‐
ment. A new approach is isolated limb infusion, which is a less invasive method, for appliance
on patients with older age or worse general health conditions. Isolated limb infusion can be
done with melphalan and actinomycin D [51, 67].

7.6. Treatment of distant or disseminated metastasis

In case of stage 4 melanoma, with distant metastasis, mean survival is 6 to 8 months and there
is currently no effective systemic treatment, to increase survival rate. For this reason, main
treatment goal is the palliation of symptoms. For the patients with increased age and serious
comorbidities, observation and conservative treatment may also be the option of choice [146].
If there are symptomatic visceral metastasis, surgical excision to perform metastasectomy can
be tried. Also excision of skin metastasis or lymph node metastasis may improve the locore‐
gional control of the disease and may help to decrease morbidity.

In one case report [148], a 44-year-old Caucasian woman who underwent extensive surgical
resection of a melanoma on the right side of her scalp, came with a new metastasis, a large
nodule in her right cheek. The patient underwent two sessions of electrochemotherapy with
intravenous injections of bleomycin, as neoadjuvant treatment permitting conservative
surgery three months later. In this case, electrochemotherapy offers the option of more
conservative surgery and an improved cosmetic effect with complete local tumor control.

Although melanoma is known to be radiotherapy resistant, for brain metastasis, spinal cord
compression and painful bone metastasis, local radiation can be used.

7.7. Radiation therapy

Radiation therapy plays a role in the management of primary cutaneous melanoma in
definitive, adjuvant, and palliative settings. The role for radiation therapy in early stage
primary melanom is limited as the treatment is adequate excision. However desmoplastic
melanoma and those with neurotropism invasion are exceptions, due to frequent local
recurrence [149]. The greatest controversy regarding radiotherapy lies with its use in stage III
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disease, particularly as postoperative treatment after lymph node dissection. A recently
completed randomized trial confirmed the benefit of adjuvant radiotherapy in improvement
in nodal field control after nodal dissection for patients who are at moderate to high risk for
regional relapse [150].

For primary melanoma, adequate surgery is usually the best option for local control and cure.
Factors often considered indicative of the need for adjuvant radiation therapy include primary
site in the head and neck region, close or positive margins not amenable to further excision,
lymphatic space invasion, multiple recurrences, and desmoplastic neurotropic growth [149].
Apart from its use in an adjuvant setting, radiation therapy has been used as the definitive
treatment of primary melanomas, locally advanced acral lentiginous melanoma, and as a
substitute for wide excision after limited excision.

Radiation therapy has a well-established role in patients with metastatic melanoma. Symptoms
of pressure, mass effect, and bleeding from metastases in a variety of locations may benefit
from palliative radiation. The development of stereotactic techniques has improved the efficacy
of radiation for brain metastases. Expansion of this methodology to stereotactic body radiation
metastases has the potential to improve further palliation of unresectable metastases.

7.8. Systemic therapies

7.8.1. Chemotherapy

For systemic chemotherapy, first line chemotherapeutic agent is dacarbazine, an alkylating
agent. It is an U.S. Food and Drug Administration (FDA) approved chemotherapy drug for
metastatic melanoma. It is thought to be the most effective single agent therapy. Approxi‐
mately 10 to 20% of the patients response to treatment and the mean duration of response is 4
to 6 months. Dose of the treatment does not affect the response rate. Major side effects of
dacarbazine are nausea and vomiting. Temozolomide is also an alkylating agent. This
chemotherapeutic agent can also be used orally. Another advantage is that, temozolomide can
cross the blood-brain barrier. Thus for patients with central nervous system involvement,
temozolomide can be preferred. According to a randomized phase 3 study, its efficacy is equal
to dacarbazine. For metastatic melanoma to brain, a combination of temozolomide and
thalidomide, along with radiation, can be benefical. For dacarbazine, increased response rates
are reported, when combined with other cytotoxic agents like cisplatin, vinblastine, carmustine
or tamoxifen [144].

7.8.2. Immunotherapy

Among immunotherapeutic agents, interleukin 2 (IL-2) is the only agent, which has an
approval form FDA. Overall response rate of this agent is 16%, but a durable response rate is
5 to 8%. Approximately the time for the duration of response is 9 months. Of the 28% of the
patients with metastatic melanoma who responded to IL-2 treatment, no progression was
observed at a follow-up period of 62 months. Also patients who responded longer than 30
months, did not show any sign of relapse afterwards. On the other hand, there are some
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7.5.4. Satellite metastases
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important side effects of IL-2 treatment. Most common side effect of IL-2 is hypotension. It can
also cause capillary leak syndrome, supraventricular tachycardia, transient renal insufficiency,
respiratory distress, increased susceptibility to infections. There are also newer investigations
about combining IL-2 with tumor-infiltrating lymphocytes and lymphokine activated killer
cells. These immunologically active cells are considered to be helpful in transferring and
adoptive immune force, to generate an antitumor effect.

In a case study [151], patient with cutaneous metastasis with significant comorbidities,
including advanced age, anticoagulation for a metallic valve, chronic anemia, macular
degeneration, and history of hematopoietic malignancy (high-grade lymphoma, Walden‐
strom macroglobulinemia) was treated with a novel method. 1% gentian violet was applied to
the wounds, and the patient was instructed to apply gentian violet and imiquimod to the base
of the lesions daily. This was accompanied by a brisk inflammatory response. At the time of
reexamination, 4 months after the procedure, no clinical recurrence was noted. This method
can be useful when surgery is not an option.

In another case [152], 82-year-old man who presented with rapidly progressing cutaneous
melanoma metastases, together with inguinal lymph nodes and bilateral pulmonary involve‐
ment, treated with topical immunotherapy with diphencyclopropenone (DPCP) in aqueous
cream weekly to elicit moderate contact hypersensitivity. Larger lesions were also treated with
intralesional 5-fluorouracil (50 mg/mL). One month later, cutaneous metastases began to
regress, and during the following 4 months his inguinal lymphadenopathy and pulmonary
lesions disappeared. He remains clinically disease free 18 months after his metastases began
to regress. This can show the potential for some patients to overcome even widespread and
extensive disease, presumably via immune-mediated regression, and raises the possibility that
topical immunotherapy may play a role even in patients with bulky disease.

7.8.3. Biochemotherapy

Biochemotherapy alone has not shown any increase in overall survival rate, but when
compared to other systemic chemotherapeutic agents like dacarbazine, or interferon, vaccines,
IL-2, it can show better results.

7.8.4. Novel therapies

About the etiopathology of intrinsic resistance of malignant melanoma to chemotherapy, the
anti-apoptotic protein B-cell lymphoma 2 (Bcl-2) is found to play an important role. A new
antisense Bcl-2 oligonucleotide, Oblimersen, is targeting Bcl-2 messenger RNA selectively and
this leads to the degradation of the Bcl-1, thus decreasing the levels of Bcl-2 in the body.
Oblimersen can also be used in combination with conventional systemic chemotherapeutic
agents, like dacarbazine.

Also in two-thirds of melanomas, there is a mutation in B-raf gene. A RAF inhibitor, Sorafenib,
inhibits both B-raf and C-raf, and also used orally. Since the evaluation of sorafenib, a new
generation of BRAF inhibitors has been developed. These drugs show higher potency against
mutated BRAF and have fewer off-target effects; the list of those currently under preclinical
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investigation includes SB590885, dabrafenib (GSK2118436), AZ628, XL281, GDC-0879, and
vemurafenib (RG704, PLX4032/4720) [153]. PLX4032 (and its analogue PLX4720) are adenosine
triphosphate (ATP)-competitive RAF inhibitors (wild-type BRAF 50% inhibitory concentration
[IC50]-100 nmol/L, mutated BRAF IC50-31 nmol/L) that selectively inhibit growth in melano‐
ma cell lines harboring the BRAF V600E mutation in both in vitro and in vivo mouse xenograft
models [154].

Much of the foundation for the development of these treatments is the realisation that
melanoma growth and progression is driven by somatic activating mutations in signalling
molecules such as BRAF, KIT, NRAS and GNAQ/GNA11 [147]. Active drugs targeting BRAF
and KIT are available and and the anti-CTLA4 antibody ipilimumab has shown an overall
survival benefit and the possibility of prolonged disease control in the metastatic setting.

Although there are many phase III trials in progress, about treatment of metastatic melanoma,
up to now, no curative adjuvant or systemic therapies have been approved for stage 4
metastatic melanoma. Among these treatments some may have serious side effects. According
to one study [7], patients with metastatic melanoma are treated with the selective BRAF
inhibitor, dabrafenib. Keratinocyte proliferation is characteristic of BRAF inhibitor induced
cutaneous toxicities, and the spectrum of lesions ranges from benign seborrhoreic keratoses,
Grover’s disease and plantar hyperkeratosis through to verrucal keratoses of undetermined
prognosis and malignant well differentiated SCCs.

In the future of metastatic melanoma treatment, molecular profiling of patient tumors will play
an important role in the part of therapy selection for medical oncologists. Recent preclinical
studies shows that inhibitors of BRAF paradoxically activate MAPK signaling in tumors that
lack activating BRAF mutations [153]. Reports from six independent groups have shown that
BRAF inhibition activates MAPK in cell lines with NRAS and KRAS mutations, as well as those
cell lines where the MAPK pathway is activated through other oncogenes such as HER2.
Studies showed that although vemurafenib and other BRAF inhibitors were able to profoundly
inhibit the activity of BRAF V600E-containing complexes in melanoma cells, they instead
promoted the activity of CRAF-CRAF dimers in cells with RAS mutations, leading in turn to
MEK activation. There is also evidence that PLX4032 increases the invasive potential of NRAS-
mutated melanoma cells through the activation of ERK and FAK signaling. Additional studies
demonstrated that BRAF inhibitors may even contribute to the progression of NRAS-mutated
melanomas in part by suppressing apoptosis through the modulation of Mcl-1 expression.

According to one study [155], data of 97 patients with melanoma show substantial clinical
activity of trametinib, MEK inhibitor. Differences in response rates during this treatment,
according to mutations indicate the importance of mutational analyses.

These studies are extremely important for approaching the development of new cancer
therapies as they indicate that simple empiric evaluation of novel cancer therapeutics in
patients could be associated with adverse outcomes. Instead they affirm the approach of
rationally developing therapies in cancer patients based on strong preclinical data and
individual patient molecular profiling.
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7.9. Vaccines

Melanoma is considered as a rather “immunogenic” tumor. One can understand it by the
spontaneous  immune-mediated  regression  of  primary  tumors,  association  between
infiltrating T lymphocytes and improved survival,  response to nonspecific immunothera‐
py agents,  including interferon-alpha,  IL-2,  and ipilimumab and identification of  tumor-
associated  melanoma  antigens  and  human  leukocyte  antigen  (HLA)-restricted  epitopes
within these anti- gens [156].

A variety of strategies, including peptide and protein vaccines, recombinant DNA and viral
vectors, and the use of autologous and allogeneic whole cell vaccines, have been tested in
patients.  Although many studies have not had significant clinical benefit,  there are some
important data that have emerged from these clinical trials. There also have been at least
two randomized phase III  vaccine trials  that  have shown a clinical  benefit  in melanoma
[157].

There has been considerable interest in the identification of patient-specific and tumor-specific
biomarkers that may predict therapeutic response and clinical outcomes. These studies would
help select patients more likely to respond to a particular vaccine approach and might identify
new strategies for improving the potency of individual vaccines so that more patients might
benefit from immunotherapy.

8. Prognosis

Malignant melanoma is the most fatal type of the skin cancers. The best survival rates of
melanoma arise if it is detected at the early stages, this is generally when the size of the tumours
is small and treatable. After detection the prognosis of the melanoma can be determined by
assessing a number of histopathological (morphological) factors such as the thickness of
lesions, levels of invasion, presence of ulceration and the number of metastatic lymph nodes
involved. Clinical prognostic factors such as age, sex, anatomical location of the tumour can
also be used to determine the possible progression of the cancer and the likely survival rates
of the patient. The thickness of the tumor is the dominant prognostic factor in determining risk
of metastasis and prognosis for cutaneous melanoma [158, 159]. The American Joint Commit‐
tee on Cancer (AJCC) tumor node metastasis committee has approved a new melanoma
staging system, which was implemented in 2009 [160]. The prognostic factors included in AJCC
staging system are tumor thickness, ulceration, level of invasion (Clark's level) and mitotic rate
[160, 161].

In the AJCC staging system, tumor thickness is the most powerful independent prognostic
factor for patients with cutaneous melanoma. Melanoma thickness is measured from the
granular layer of the epidermis to the greatest depth of tumor invasion, this was originally
described by Breslow in 1970. Now it is correlated with a thickness of ≤1 mm (T1), 1.01 to 2 mm
(T2), 2.01 to 4 mm (T3), or ≥4 mm (T4) [159]. In it, invasive tumor thickness is used to predict
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5-year survival. In general, the higher the Breslow thickness, the worse the prognosis (Table
3) [161,162].

Breslow thickness 5-year survival

≤1 mm (T1) 95% to 100%

1.01 to 2 mm (T2) 80% to 96%

2.01 to 4 mm (T3) 60% to 75%

>4 mm (T4) 37% to 50%

Table 3. The relation of Breslow thickness and prognosis

The depth of the tumor is most accurately measured by evaluating the entire tumor via an
excisional biopsy. Determination from specimens obtained using other biopsy techniques,
such as a wedge or punch biopsy, is less accurate. Tumor depth cannot be calculated from a
shave biopsy that only contains a portion of the tumor because it leads to an underestimation
of its thickness. Excisional biopsy should extend down to the subcutaneous fat tissue [163].

Clark level of invasion is a method for determining the prognosis (outlook) with melanoma.
This method was devised by the pathologist Wallace Clark and measured the depth of pene‐
tration of a melanoma into the skin according to anatomic layer. There are five Clark levels of
invasion (Table 1).

The Clark levels provide a system to relate the degree of penetration of melanoma into the skin
to the 5-year survival rate after surgical removal of the melanoma [158, 161, 164].

Ulceration is the second most powerful factor for poor prognosis. The presence of ulcerations
on the surface of the tumour causes a reduction in the survival rate. Ulcerations appear when
an intact epidermis is not present around the tumour and is usually a result of an aggressive
tumour. The presence of ulceration in tumours less than 1mm, causes a reduction in survival
rate by 4% compared to non-ulcerated tumour. Survival rates can be reduced by up to 22% if
the tumour thickness is greater than 4mm.This therefore, indicates that tumour thickness and
ulceration have strong relationship with survival rates and so the prognosis of thin non-
ulcerated melanoma is excellent [51].

Current studies have shown that tumor mitotic rate is a powerful independent prognos‐
tic  factor.  But  the prognostic  importance of  mitotic  rate  in melanoma recurrences is  not
known. A high mitotic rate also correlates with a greater likelihood of having a positive
sentinel lymph node biopsy. The mitotic rate is measured by simply examining the excised
tumor with a microscope and manually counting the number of cells exhibiting mitosis, an
easily identifiable characteristic of dividing cells. Most often, the mitotic rate is reported as
one of three categories :

• less than 1 per square millimeter

• 1 to 4 per square millimeter
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• greater than 4 per square millimeter

The higher the mitotic count, the more likely the tumor is to have metastasized. The logic is
that the more cells are dividing, the more likely they will invade the blood or lymphatic systems
and thus spread around the body. Research has shown that the odds of survival for patients
with stage I melanoma and a mitotic rate of 0 per square millimeter is twelve times better than
that of patients with a mitotic rate of greater than 6 per square millimeter. Also, only 4% of
lesions with low mitotic rate recur compared to 24% of those with a high mitotic rate. Mitotic
rate can also help to predict that your sentinel lymph node biopsy will be positive or not.
Although mitotic rate has no role in the current staging system for melanoma, research has
demonstrated that it is a more important prognostic factor than ulceration, which does have
an important role in staging. The American Academy of Dermatology argues that mitotic rate
should be optional in biopsy reports or not. On the other hand, the National Comprehensive
Cancer Center recommends that mitotic rate should be reported for all lesions in stage I to II
patients. Still other experts argue that measuring the mitotic rate should only be done in large
academic medical centers for future research purposes. Increasing mitotic rate is related with
a decreasing survival [165, 166].

Tumor-infiltrating lymphocytes (TILs) describe the patient's immune response to the mela‐
noma. One marker used to determine immune activity in melanoma is the presence in sentinel
lymph node biopsy samples, which has been variably associated with a favorable prognosis.
Some investigators assessed whether the presence of tumor-infiltrating lymphocytes was an
independent predictor of sentinel lymph node biopsy status and survival or not [167, 168].

Microscopic satellites are defined as dermal or subcutaneous nodules. Microscopic satellites
in primary melanomas are considered to be localized micrometastases developing in close
proximity to the main tumoral portion of melanomas and show bad prognosis. In particular,
the presence of angiotropism predicts the detection of microscopic satellites, and microscopic
satellites probably develop as a result of extravascular migration. Consequently the linkage
between microscopic satellites and angiotropism provides additional support for extravascu‐
lar migratory metastasis as a mechanism of melanoma metastasis. Finally, ongoing investiga‐
tions to develop a more specific biomarker for angiotropism and extravascular migratory
metastasis are essential for the more precise recognition of extravascular migratory metastases
and the explaining of its biological and prognostic significance. This pericytic angiotropism of
melanoma cells, without any sign of intravasation, suggests that melanoma cells may migrate
along the external surface of vessels, a mechanism we have termed extravascular migratory
metastasis (EVMM), as distinct from intravascular dissemination [51, 169].

Common cell types are epithelioid and spindle cells, although mixed cells may also be seen.
Generally, spindle cells are associated with better prognosis than other cell types.

The incidence of malignant melanoma appears to be increasing at an alarming rate throughout
the world over the past 35-40 years and continues to increase in the USA, Canada, Asia,
Australia, and Europe. The behavior of head and neck melanoma is aggressive, and it has an
overall poorer prognosis than that of other skin sites. Correlations between different factors
were found, e.g. tumour localisation predominating on the back in males and on the legs in
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female. In one study, 11.734 patients were analyzed, 49.3% were male. Between 1978 and 1992,
most of the newly registered melanoma patients were female, but after 1992 there was a higher
incidence of male patients. Men exhibited a disadvantaged distribution for almost all prog‐
nostic indicators being significantly older at diagnosis, having thicker melanomas, and having
more melanomas localized on the trunk or head and neck. In analyses of histological subtypes,
females had significantly more lentigo maligna melanomas and acral lentiginous melanomas,
but the incidence of superficial spreading melanoma and nodular melanoma did not differ
across gender. Males more often presented with lymph node metastases or distant metastases
at the time of diagnosis than did females (5.2 vs. 3.0% and 1.7 vs. 1.1%, respectively). Whereas
overall disease progression, lymph node metastasis, and distant metastasis occurred signifi‐
cantly more often in males than in females, local recurrence and in-transit/satellite metastases
were equally common [170-172].

If we summarize, prognostic factors include tumor thickness (mm), levels of invasion, presence
of ulceration, increased mitotic rate. Prognosis is better if there happens to be tumor-infiltrating
lymphocytes around the lesion. There is stil controversy going on about regression. Some
studies have shown an adverse outcome while others no effect, or a favorable outcome.
Presence of microscopic satellites shows bad prognosis and also angiotropism is a bad
prognostic marker. Vascular/lymphatic invasion, although seen very rarely, indicates unfav‐
orable prognosis. Tumor cell type also has an effect on prognosis. Better prognosis with spindle
cells versus other cell types. Prognosis worsens with increasing age and women have better
prognosis than men. Extremity lesions have better prognosis than axial lesions (trunk, head
and neck, palms and soles) [12, 173].

9. Patient education

Melanoma is the most dangerous form of skin cancer [174]. The incidence of melanoma is
increasing worldwide, more than other cancers. The clinicians has the greatest impact on
reducing these cases. They educate patients about early detection, treatment and prevention
methods [175]. UV light is the most important risk factor for melanoma development. The risk
of developing melanom may be reduced by protecting from UV light exposure. We must
educate others as to the importance of sun protection [174]. Patients should be educated to
avoid intense intermittent sun exposure and minimize cumulative sun exposure [176].
Avoiding overexposure to direct sunlight during the peak daylight hours, wearing protective
clothing, and applying sunscreen are the ways to protect the skin [177].

Clinicians must educate patients as to the importance of using sunscreens that protects against
both UVA and UVB light and with an SPF 30 or greater [174, 175]. It is important to emphasize
the correct application of the recommended amount of sunscreen and the need for reapplica‐
tion of sunscreen [176]. Sunscreen should be applied to exposed dry skin 15 to 30 minutes
before sun exposure. The standard amount of sunscreen used in SPF testing is 2 mg/cm2.
Sunscreen should be reapplied every 2 hours or after swimming or heavy perspiration; many
water-resistant sunscreens lose effectiveness after 40 minutes in the water [177]. Clinicians

Current Management of Malignant Melanoma: State of the Art
http://dx.doi.org/10.5772/55304

111



• greater than 4 per square millimeter

The higher the mitotic count, the more likely the tumor is to have metastasized. The logic is
that the more cells are dividing, the more likely they will invade the blood or lymphatic systems
and thus spread around the body. Research has shown that the odds of survival for patients
with stage I melanoma and a mitotic rate of 0 per square millimeter is twelve times better than
that of patients with a mitotic rate of greater than 6 per square millimeter. Also, only 4% of
lesions with low mitotic rate recur compared to 24% of those with a high mitotic rate. Mitotic
rate can also help to predict that your sentinel lymph node biopsy will be positive or not.
Although mitotic rate has no role in the current staging system for melanoma, research has
demonstrated that it is a more important prognostic factor than ulceration, which does have
an important role in staging. The American Academy of Dermatology argues that mitotic rate
should be optional in biopsy reports or not. On the other hand, the National Comprehensive
Cancer Center recommends that mitotic rate should be reported for all lesions in stage I to II
patients. Still other experts argue that measuring the mitotic rate should only be done in large
academic medical centers for future research purposes. Increasing mitotic rate is related with
a decreasing survival [165, 166].

Tumor-infiltrating lymphocytes (TILs) describe the patient's immune response to the mela‐
noma. One marker used to determine immune activity in melanoma is the presence in sentinel
lymph node biopsy samples, which has been variably associated with a favorable prognosis.
Some investigators assessed whether the presence of tumor-infiltrating lymphocytes was an
independent predictor of sentinel lymph node biopsy status and survival or not [167, 168].

Microscopic satellites are defined as dermal or subcutaneous nodules. Microscopic satellites
in primary melanomas are considered to be localized micrometastases developing in close
proximity to the main tumoral portion of melanomas and show bad prognosis. In particular,
the presence of angiotropism predicts the detection of microscopic satellites, and microscopic
satellites probably develop as a result of extravascular migration. Consequently the linkage
between microscopic satellites and angiotropism provides additional support for extravascu‐
lar migratory metastasis as a mechanism of melanoma metastasis. Finally, ongoing investiga‐
tions to develop a more specific biomarker for angiotropism and extravascular migratory
metastasis are essential for the more precise recognition of extravascular migratory metastases
and the explaining of its biological and prognostic significance. This pericytic angiotropism of
melanoma cells, without any sign of intravasation, suggests that melanoma cells may migrate
along the external surface of vessels, a mechanism we have termed extravascular migratory
metastasis (EVMM), as distinct from intravascular dissemination [51, 169].

Common cell types are epithelioid and spindle cells, although mixed cells may also be seen.
Generally, spindle cells are associated with better prognosis than other cell types.

The incidence of malignant melanoma appears to be increasing at an alarming rate throughout
the world over the past 35-40 years and continues to increase in the USA, Canada, Asia,
Australia, and Europe. The behavior of head and neck melanoma is aggressive, and it has an
overall poorer prognosis than that of other skin sites. Correlations between different factors
were found, e.g. tumour localisation predominating on the back in males and on the legs in

Highlights in Skin Cancer110

female. In one study, 11.734 patients were analyzed, 49.3% were male. Between 1978 and 1992,
most of the newly registered melanoma patients were female, but after 1992 there was a higher
incidence of male patients. Men exhibited a disadvantaged distribution for almost all prog‐
nostic indicators being significantly older at diagnosis, having thicker melanomas, and having
more melanomas localized on the trunk or head and neck. In analyses of histological subtypes,
females had significantly more lentigo maligna melanomas and acral lentiginous melanomas,
but the incidence of superficial spreading melanoma and nodular melanoma did not differ
across gender. Males more often presented with lymph node metastases or distant metastases
at the time of diagnosis than did females (5.2 vs. 3.0% and 1.7 vs. 1.1%, respectively). Whereas
overall disease progression, lymph node metastasis, and distant metastasis occurred signifi‐
cantly more often in males than in females, local recurrence and in-transit/satellite metastases
were equally common [170-172].

If we summarize, prognostic factors include tumor thickness (mm), levels of invasion, presence
of ulceration, increased mitotic rate. Prognosis is better if there happens to be tumor-infiltrating
lymphocytes around the lesion. There is stil controversy going on about regression. Some
studies have shown an adverse outcome while others no effect, or a favorable outcome.
Presence of microscopic satellites shows bad prognosis and also angiotropism is a bad
prognostic marker. Vascular/lymphatic invasion, although seen very rarely, indicates unfav‐
orable prognosis. Tumor cell type also has an effect on prognosis. Better prognosis with spindle
cells versus other cell types. Prognosis worsens with increasing age and women have better
prognosis than men. Extremity lesions have better prognosis than axial lesions (trunk, head
and neck, palms and soles) [12, 173].

9. Patient education

Melanoma is the most dangerous form of skin cancer [174]. The incidence of melanoma is
increasing worldwide, more than other cancers. The clinicians has the greatest impact on
reducing these cases. They educate patients about early detection, treatment and prevention
methods [175]. UV light is the most important risk factor for melanoma development. The risk
of developing melanom may be reduced by protecting from UV light exposure. We must
educate others as to the importance of sun protection [174]. Patients should be educated to
avoid intense intermittent sun exposure and minimize cumulative sun exposure [176].
Avoiding overexposure to direct sunlight during the peak daylight hours, wearing protective
clothing, and applying sunscreen are the ways to protect the skin [177].

Clinicians must educate patients as to the importance of using sunscreens that protects against
both UVA and UVB light and with an SPF 30 or greater [174, 175]. It is important to emphasize
the correct application of the recommended amount of sunscreen and the need for reapplica‐
tion of sunscreen [176]. Sunscreen should be applied to exposed dry skin 15 to 30 minutes
before sun exposure. The standard amount of sunscreen used in SPF testing is 2 mg/cm2.
Sunscreen should be reapplied every 2 hours or after swimming or heavy perspiration; many
water-resistant sunscreens lose effectiveness after 40 minutes in the water [177]. Clinicians

Current Management of Malignant Melanoma: State of the Art
http://dx.doi.org/10.5772/55304

111



recommend patients sun protective clothing such as sunglasses, hats or long sleeve clothing.
Patients should be avoided direct exposure to the sunlight between 9 AM - 3 PM and tanning
beds [174]. There is great concern in regard to the total amount of sun exposure during infancy
and early childhood [175]. The importance of sun protection in childhood should be empha‐
sized [176].

Self-examination of skin by informed patients in terms of suspicious nevi is an important
contributory factor in the early diagnosis of melanoma [178].

Skin self examination has the potential to significantly reduce melanoma mortality. One
retrospective study concluded that skin self examination has the potential to reduce melanoma
mortality by 63% [179]. One study found that 44% of diagnosed recurrent melanoma was
initially detected by patients based on symptoms that raised suspicion of metastasis [180]. For
this reason, patients shoul be educated about the skin self examination. Patient education in
skin self examination includes information on the warning signs of melanoma. Also it includes
directions on how to perform a thorough whole-body skin examination [176]. Patients at higher
risk should carefully examine their own skin monthly and also be frequently examined by
dermatologists professionally [174].

Older individuals are both more likely to acquire and to die from cutaneous melanoma; thus,
elderly people should be a primary target for secondary melanoma prevention. We must be
careful for the early detection and patient routine screening. Also secondary melanoma
prevention should be focused on targeted education to older men and their spouses for early
detection and reduction of mortality in this extremely high-risk group [181].

Following the diagnosis of cutaneous melanoma, all patients should be educated on the risks
of developing a second primary melanoma. In addition, counselling on the common clinical
characteristics of cutaneous melanomas and instruction on how to perform a skin self exami‐
nation should be provided. In the event of the development of new pigmented lesions or
changes in preexisting pigmented lesions, patients should be advised to seek medical attention.
In addition, appropriate lifelong follow-up surveillance is critical for the detection of thinner,
more curable melanomas [182].

Most of the studies suggested that many cancer patients want to get detailed information
about  their  disease,  treatment  options  and prognosis  of  the  disease.  The  most  common
complaint of these patients is not to told what is wrong with them, during the treatment.
Cancer care professionals are beginning to recognize that patients’ information needs and
preferences [183].

With growing evidence that well-informed patients are more satisfied with their care and do
better clinically. Efforts are needed to improve the information provision to melanoma
patients. Exploration of the patients’ personal information needs must lead to a more patient-
tailored approach of informing melanoma patients. A good opportunity would be the
implementation of a survivorship care plan, which aims at providing a cancer survivor with
a summary of their course of treatment, management of late effects, and strategies for health
promotion [184].
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The importance of malignant melanoma as a potentially fatal skin cancer among Caucasian
populations worldwide has received critical attention in recent years. As compared to other
life-threatening malignancies such as breast or prostate carcinoma, melanoma may be
diagnosed by simple inspection of the skin surface with 80 to 90% accuracy. Sun avoidance,
regular self-examination are important measures that can easily be applied. Future investiga‐
tions is needed to establish whether education and modification of behavior such as reduced
sun exposure and various methodologies of skin examination have a significant impact in
reducing mortality from melanoma.
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1. Introduction

The prevalence of skin cancer varies greatly according to the geographic location and is
developing rapidly in Western countries. This type of cancer is most frequent in fair-skinned
people. In Australia, the rate of melanomas increased annually by 6.3% in men and 2.9% in
women between 1959 and 1985. This type of cancer is the most frequent one in fair-skinned
people. Since 1985, the rate has levelled off, which is reassuring even though the incidence of
skin cancer in Australia is the highest in the world [1] (table 1) [2], followed by New Zealand
and Norway [3]. As a comparison, we can look at the rate of non-melanoma skin cancer
(NMSC) in Japan, which is between 1.2 and 5.4 per 100,000, that is to say a factor of 50 compared
to Australia [4]. Skin cancer in children is rare. In teenagers (from 15 to 19 years old) the
prevalence in England is 10 cases per million per year for melanomas and 24 cases per million
per year for NMSC. The risk factors are: a family history of melanomas, Xeroderma pigmento‐
sum [5] and pathologies responsible for states of immunosuppression. Cases of congenital
melanomas are extremely rare [6]. Excessive sun exposure has long been recognised as the
most important environmental factor to be taken into account; indeed, ultra-violet radiation
(UV) is the cause of 90% of NMSC and 67% of melanomas [7]. The high incidence of skin cancer
in certain countries of the world is therefore not just down to chance but has a direct link to
the population's skin type (fair-skinned, blue-eyed people who burn easily, who never tan and
who often have freckles) [8] and to the level of sunshine [9]. Although UV rays only represent
3% of the total radiation which reaches Earth, from a point of view of energy, it is thought that
they account for 10% of light energy [10]. Mountainous regions bring a greater risk of devel‐
oping sunburn, as the quantity of UVB increases by 4% every 300 metres [11], and in a similar
way, the position with relation to the equator is of utmost importance, (the risk is greatest
around the Tropics). UV radiation (UVA and B) causes alterations in DNA by either direct or
indirect actions (by means of an oxidizing stress). The types which react to oxygen can cause
either an increase in cell proliferation or their apoptosis, accordingly [12]. The notion of

© 2013 Couteau and Coiffard; licensee InTech. This is an open access article distributed under the terms of
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
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phototypes, put forward by Fitzpatrick as early as 1975 within the framework of the care of
patients treated with PUVA therapy, is linked to the concept of sun-reactive skin. This scale
enables Caucasian subjects to be classed according to their sensitivity to UV rays. At first, 4
phototypes were established, called I, II, III and IV (Table 2), then this scale was later extended
to include phototypes V (brown skin or Asian skin) and VI (black) [13]. A classification
concerning Japanese people was also drawn up by Kawada [14]. The three corresponding
groups are JI (always burn and rarely tan), JII (burn and tan moderately), JIII (never burn and
always tan). These three groups should be linked to the Caucasian phototypes II, III and IV
[15]. In the 1990s, JP Césarini introduced the notion of melano-compromised subjects (Photo‐
types I and II), melanocompetent subjects (Phototypes III and IV) and melanoprotected
subjects according to their varying capabilities to protect themselves against skin cancer [16].
The best level of photoprotection is reached by black subjects, who are shown to have a low
incidence of skin cancer (1 to 2% of cancers affecting black people are skin cancers compared
to 20 to 30% for Caucasians). The phototypes are linked to melanin, which is a biopolymer
functioning as a filter and which enables black people to produce an SPF (Sun Protection
Factor) of around 13. The dispersion of melanosomes and their lack of degradation throughout
the keratinization process forms an effective barrier. A black person's melanin filters twice as
much UVB radiation as a Caucasian's melanin. The black epidermis is much more protected
than a Caucasian one, as it transmits 7.4% of UVB radiation and 17.5% of UVA radiation
compared to 24 and 55% for a Caucasian epidermis. In terms of Minimal Erythemal Dose
(MED), it can be observed that this dose is between 6 and 33 times higher in black subjects [17].
It is important to create new classifications on a regular basis because of the interbreeding of
races in the population. For example, in 1990, the US Census Bureau registered 6 races and 23
sub-types in the United States; 10 years later, the Census Bureau still counted 6 categories, but
the number of sub-types had increased to 67, creating a multiplicity of sensitivities to the sun
[18]. It seems that precautions taken by people who work outside to protect themselves from
the sun are related to their phototype, as an American study shows that fair-skinned people
are more aware in this respect [19]. The current way of life in industrialized countries goes
hand in hand with an increase in the frequency of the length of exposure to the sun during
leisure time. Contrary to previous centuries where pale skin tones were all the rage, the fashion
of having a sun-tan, which began in the Thirties, is still current. The SUVIMAX study which
was conducted in France in 1994 showed that in the cohort of 7,822 subjects questioned, 196
(110 women and 86 men) had travelled to a country with high levels of sunshine (high UV
index) within the previous year and for a period of at least one month. Women, in particular,
appear to be most concerned with daily exposure to sunshine (more than 2 hours per day) and
admit that "getting a tan" is very important for them [20]. Sunbathing is still popular. Professor
Dubertret is pessimistic and considers that if nothing is done in the way of prevention
campaigns, the rate of skin cancer will double every ten years and a child born in 2000, if he
behaves in the same way as his parents regarding his exposure to the sun, will have a 1 in 75
risk of developing a melanoma and a 1 in 7 risk of developing basocellular cancer [21]. The
behavior of young Europeans tends towards improvement. Indeed, an increase in the use of
sun products throughout exposure can be observed. In 10 years (between 1990 and 2000), the
use of sun products increased from 52 to 63% in boys and from 80 to 87% in girls. It is a pity
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that a minority is still so resistant to using sun products [22]. On the other hand, young
Australians (from 12 – 17 years old) largely ignore prevention campaigns and the use of sun
products decreased between 1993 and 2000 (going from 54 to 36% for teenagers in general and
from 73 to 50% for girls in particular) [23]. A second more optimistic study praises the SunSmart
television advertising campaign, which seems to be bearing fruit [24]. Indeed, the slogans are
well-chosen and are likely to bring about a change of attitude; as proof: « Leave your hat on »
(1991 – 1992), « How to remove a skin cancer » (1996 – 1998) and « No tan is worth dying for:
Clare Oliver » (2008). In short, depending on the panels and on the authors, opinions differ [25].
The fact remains that young people in general, and more particularly young Americans (from
the south of the USA) are stubborn and are still fond of exposing themselves to the sun.
Sunburn at the end of the weekend is not uncommon [26]. A lot of efforts still have to be made,
as only 1/3 of parents questioned say that they prefer activities for their children which avoid
exposure to the sun and confirm that they apply sun products whilst doing beach-based
activities [27]. Public awareness campaigns are necessary, as childhood is a key stage and it is
important to understand that people who do not want to use sun products whilst continuing
to expose themselves to the sun, do so for aesthetic reasons, in order to have a tan [28]. We set
out, therefore, to present a method for topical skin protection: the use of sun products.

Countries Prevalence

France 7/100000

Sweden 11/100000

US 14/100000

Australia 50/100 000

Table 1. Prevalence of skin cancers - 1995 [2]

Phototypes Sensitivity to sunlight

I Always burns, never tans

II Burns easily, tans minimally

III Burns moderately, tans gradually to light brown

IV Burns minimally, always tans well to moderately brown

V Rarely burns, tans profusely to dark

VI Never burns, deeply pigmented

Table 2. Phototypes according to the Fitzpatrick classification
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2. Topical photoprotection

2.1. Definition

There are many methods of sun protection, such as photoprotection by clothing, systemic
photoprotection (medicine and dietary supplements) and topical photoprotection, using sun
products with a variety of dosage forms.

Sun products are used to avoid skin damage due to the sun. These products contain molecules
which can work through absorption or by reflecting UV rays [29].

The classification of sun products as either cosmetics, or as over-the-counter medicines, differs
according to the health authority governing bodies concerned.

The Agence Française de Sécurité Sanitaire des Produits de Santé (AFSSaPS) [The French
Agency for Health Safety and Health Products – equivalent to the FDA – Food and Drugs
Administration (USA) and the MHRA (UK) remains cautious, saying that "Sun products are
effective in the prevention of actinic erythema" It insists, by saying that their preventive effects
concerning photo-ageing and skin cancer is yet to be proved [30]. In France, although the Code
de la Santé Publique (Public Health Code), defines cosmetics in a general way, it does not,
however, give a specific definition for sun products [31].

In the USA, an over-the-counter sunscreen drug product in a form suitable for topical admin‐
istration is generally recognized as safe and effective and is not misbranded if it meets each
condition. Here, we are talking of harmlessness and of efficacy (but without being specific
about possible prevention regarding effects of UV radiation) [32]. This notion of harmlessness
can be found in the Public Health Code [33], in European directives [34] and more recently in
regulation N°1223/2009 [35] which has just been written and whose aim is to suggest a more
legible type of legislation bringing together successive directive demands.

2.2. Which regulatory status for sun products?

2.2.1. Different categories of sun products

As we mentioned earlier, the status of sun product is not unique and differs from country to
country. We will mention more specifically the two main legislations on suncare products,
namely the European and American ones. It should be noted that the indices which may appear
on the packaging of sun products are not the same for European products as they are for
American ones (Table 3). In Europe, all of the products which have an SPF (Sun Protection
Factor) lower than 6 are not considered as sun products (compared to 2 according to American
legislation). The number of categories is bigger in Europe than in the USA (4 large categories
and 8 indices in Europe compared to 3 large categories and an infinite number of indices which
could be seen on the packaging in the USA. In Europe, in order to make the consumer's life
easier and to avoid swamping them with too many indices, a standard index system on
packaging was established. Therefore, on the market, products with indices of 17, 24, 36, 54
etc. cannot be found. The index value is always rounded down. In Europe, the tendency is to
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reduce the number of indices, and the aim of the creation of an index of 50+ concerning all
products which have a determined SPF equal to or higher than 60 was to avoid having indices
higher than 100 on packaging, as this could have led the consumer to believe that the product
provided total protection.

European regulation American regulation

Different

categories of

sunscreens

- Low protection

SPF labelled: 6, 10

- Moderate protection

SPF labelled: 15, 20, 25

- High protection

SPF labelled: 30, 50

- Very high protection

SPF labelled: 50+

- Minimal sun protection product

(2 < SPF < 12)

- Moderate sun protection product

(12 ≤ SPF < 30)

- High sun protection product

(SPF ≥ 30)

Table 3. Different categories of sunscreens

2.2.2. Authorized filters

Whichever legislation is considered, a limited number of filters are authorized in the formula‐
tion of sun products. In Europe, Appendix VI of the Regulation lists the 26 authorized filters,
that is to say 25 organic filters and one screen, titanium dioxide, each one having a maximum
concentration of use (% m/m) and perhaps a list of comments which should feature on the
packaging. In the USA, the original list was made up of 16 filters (15 filters and 1 screen). In the
period from 1997 to 2008, 8 filters recognized safe and effective were gradually added to this list.
The FDA gradually authorized a certain number of products which were synthetized and
patented in Europe in order to beef up the original list. It should be noted that zinc oxide is not
mentioned in Appendix VI of the Regulation (Table 4). The concentration of zinc oxide is therefore
not limited. This, however, remains theoretical, as the limit is imposed by its dosage form, as in
high percentages of concentration, a paste is obtained, which would be difficult to market.
Seventeen filters are currently in common between the European and American legislation.

2.2.3. The combination of different filters or the combination of filters with active ingredients

European formulators have a great deal of freedom. They can combine as many filters as they
want, as long as the combinations are not already patented, of course. They can also combine
filters with active ingredients which have a softening, antioxidizing or soothing effect, etc.
They have to check that the raw material they want to incorporate is not banned and they must
check to see if the material is on a list if regulated ingredients (Appendix III: substances with
restricted use in particular). In the USA, combinations with protectants are authorized within
the limits of the maximum authorized concentrations (Table 5). A skin protectant drug product
is defined as «a drug product that temporarily protects injured or exposed skin or mucous
membrane surfaces from harmful or annoying stimuli, and may help provide relief to such
surfaces».
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products which have a determined SPF equal to or higher than 60 was to avoid having indices
higher than 100 on packaging, as this could have led the consumer to believe that the product
provided total protection.

European regulation American regulation

Different

categories of

sunscreens

- Low protection

SPF labelled: 6, 10

- Moderate protection

SPF labelled: 15, 20, 25

- High protection

SPF labelled: 30, 50

- Very high protection

SPF labelled: 50+

- Minimal sun protection product

(2 < SPF < 12)

- Moderate sun protection product

(12 ≤ SPF < 30)

- High sun protection product

(SPF ≥ 30)

Table 3. Different categories of sunscreens

2.2.2. Authorized filters

Whichever legislation is considered, a limited number of filters are authorized in the formula‐
tion of sun products. In Europe, Appendix VI of the Regulation lists the 26 authorized filters,
that is to say 25 organic filters and one screen, titanium dioxide, each one having a maximum
concentration of use (% m/m) and perhaps a list of comments which should feature on the
packaging. In the USA, the original list was made up of 16 filters (15 filters and 1 screen). In the
period from 1997 to 2008, 8 filters recognized safe and effective were gradually added to this list.
The FDA gradually authorized a certain number of products which were synthetized and
patented in Europe in order to beef up the original list. It should be noted that zinc oxide is not
mentioned in Appendix VI of the Regulation (Table 4). The concentration of zinc oxide is therefore
not limited. This, however, remains theoretical, as the limit is imposed by its dosage form, as in
high percentages of concentration, a paste is obtained, which would be difficult to market.
Seventeen filters are currently in common between the European and American legislation.

2.2.3. The combination of different filters or the combination of filters with active ingredients

European formulators have a great deal of freedom. They can combine as many filters as they
want, as long as the combinations are not already patented, of course. They can also combine
filters with active ingredients which have a softening, antioxidizing or soothing effect, etc.
They have to check that the raw material they want to incorporate is not banned and they must
check to see if the material is on a list if regulated ingredients (Appendix III: substances with
restricted use in particular). In the USA, combinations with protectants are authorized within
the limits of the maximum authorized concentrations (Table 5). A skin protectant drug product
is defined as «a drug product that temporarily protects injured or exposed skin or mucous
membrane surfaces from harmful or annoying stimuli, and may help provide relief to such
surfaces».
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INCI name/American name (trade name)
Cmax authorized

(Europe)

Cmax authorized

(US)

Aminobenzoic acid / 15%

Cinoxate / 3%

Dioxybenzone / 3%

Meradimate / 5%

Trolamine salicylate / 12%

Zinc oxide / 25%

Camphor benzalkonium methosulfate (Mexoryl SO®) 6% /

Homosalate (Eusolex HMS, Néohélipan HMS, Parsol

HMS)
10% 15%

Oxybenzone (Eusolex 4360, Uvinul M40) 10% 6%

Phenylbenzimidazole sulfonic acid, Ensulizole (Eusolex

232, Parsol HS, Néohéliopan Hydro USP)
8% (in acid form) 4%

Terephtalydene dicamphor sulfonic acid, Ecamsule

(Mexoryl SX)

10%

(in acid form)
10%

Butylmethoxydibenzoylmethane (Eusolex 9020, Parsol

178)
5% 3%

Benzylidene camphor sulfonic acid (Mexoryl SL) 6% (in acid form) /

Octocrylene (Uvinul N539T, Eusolex OCR, Parsol 340,

Néohéliopan 303 USP)

10%

(in acid form)
10%

Polyacrylamidomethylbenzylidene camphor (Mexoryl

SW)
6% /

Ethyl hexyl methoxycinnamate, Octinoxate (Uvinul MC

80, Eusolex 2292, Parsol MCX, Néohéliopan AV)
10% 7.5%

PEG-25 PABA (Uvinul P25) 10% /

Isoamyl p-methoxycinnamate, Amiloxate (Néohéliopan

E1000)
10% 10%

Octyl triazone (Uvinul T150) 5% 5%

Drometrizole trisiloxane (Mexoryl XL) 15%

Diethylhexylbutamidotriazone (Uvasorb HEB) 10% 3%

4 -methylbenzylidene camphor, Enzacamene (Eusolex

6300, Néohéliopan MBC, Parsol 5000)
4% 4%

3-benzylidene camphor (Unisol S22) 2% /

Ethylhexylsalicylate, Octisalate (Eusolex OS, Néohéliopan

OS, Dermoblock OS)
5% 5%

Octyl dimethyl PABA, Padimate O (Eusolex 6007) 8% 8%

Benzophenone-4 et 5 , Sulisobenzone (Uvinul MS40) 5% (in acid form) 10%

Methylene bis-benzotriazolyl tetramethylbutylphenol,

Bisoctrizole

(Tinosorb M)

10% 10%

Disodium phenyl dibenzimidazole tetrasulfonate

(Néohéliopan AP)

10%

(in acid form)
/

Bis-Ethylhexyloxyphenol Methoxyphenyl Triazine,

Bemotrizinal (Tinosorb S)
10% 10%

Polysilicone 15 (Parsol SLX) 10% /

Titanium dioxide 25% 25%

Diethylamino hydroxybenzoyl hexyl benzoate

(Uvinul A+)
10% /

Table 4. Authorized UV-filters in Europe and in US
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US Europe

1 - Allantoin 0.5 – 2% /

2 - Cocoa butter 50 – 100% /

3 - Cod liver oil 5 – 13.56% /

4 - Dimethicone 1 à 30% /

5 - Glycerin 20 – 45% /

6 - Hard fat 50 – 100% /

7 - Lanolin 12.5 – 50% /

8 - Mineral oil

50%

30 – 35% in combination with

colloidal oatmeal

/

9 - Petrolatum 30% /

10 - White petrolatum 30% /

11 - Aluminium hydroxyde gel 0.15 – 5% Annex III

12 - Calamine 1 - 25% /

13 - Kaolin 4 – 20% /

14 - Zinc acetate 0.1 – 2% Annex Colorant (CI 77950)

15 - Zinc carbonate 0.2 – 2% Annex III ( 1% expressed in Zinc)

16 - Zinc oxide 1 – 25% Annex Colorant (CI 77947)

17 - Colloidal oatmeal

0.007% minimum

0.003% minimum in combination

with mineral oil

/

18 - Topical starch 10 – 98% /

19 - Sodium bicarbonate / /

Three ingredient groups in US : group 1 [1 to 10] – group 2 [11 to 16] and group 3 [17]

The active ingredients in each of these groups can be combined only with the other active ingredients in the same group.
Active ingredients in different groups cannot be used in the same drug product. For example, cocoa butter can be
combined with glycerine, but not with aluminium hydroxide gel.

Table 5. Comparative regulation of ingredients called « protectants » in US

2.2.4. Labelling rules

The comments which must be included on the packaging are presented in Table 6. The same
concern for public health governs the labelling rules, no matter which legislation is concerned.
It is a pity that at present, on the packaging of European sun products, there is no clear reference
to the size of the recommended dose of the product which should be applied on the skin. This
lack is currently being studied, and it has to be said that having directions on the packaging
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INCI name/American name (trade name)
Cmax authorized

(Europe)

Cmax authorized
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Zinc oxide / 25%
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232, Parsol HS, Néohéliopan Hydro USP)
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10%

(in acid form)
10%
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10%
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Ethyl hexyl methoxycinnamate, Octinoxate (Uvinul MC
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10% 7.5%
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Isoamyl p-methoxycinnamate, Amiloxate (Néohéliopan
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10% 10%

Octyl triazone (Uvinul T150) 5% 5%

Drometrizole trisiloxane (Mexoryl XL) 15%

Diethylhexylbutamidotriazone (Uvasorb HEB) 10% 3%

4 -methylbenzylidene camphor, Enzacamene (Eusolex

6300, Néohéliopan MBC, Parsol 5000)
4% 4%

3-benzylidene camphor (Unisol S22) 2% /

Ethylhexylsalicylate, Octisalate (Eusolex OS, Néohéliopan

OS, Dermoblock OS)
5% 5%

Octyl dimethyl PABA, Padimate O (Eusolex 6007) 8% 8%

Benzophenone-4 et 5 , Sulisobenzone (Uvinul MS40) 5% (in acid form) 10%

Methylene bis-benzotriazolyl tetramethylbutylphenol,

Bisoctrizole

(Tinosorb M)

10% 10%

Disodium phenyl dibenzimidazole tetrasulfonate

(Néohéliopan AP)

10%

(in acid form)
/

Bis-Ethylhexyloxyphenol Methoxyphenyl Triazine,

Bemotrizinal (Tinosorb S)
10% 10%

Polysilicone 15 (Parsol SLX) 10% /

Titanium dioxide 25% 25%

Diethylamino hydroxybenzoyl hexyl benzoate

(Uvinul A+)
10% /

Table 4. Authorized UV-filters in Europe and in US
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US Europe

1 - Allantoin 0.5 – 2% /

2 - Cocoa butter 50 – 100% /

3 - Cod liver oil 5 – 13.56% /

4 - Dimethicone 1 à 30% /

5 - Glycerin 20 – 45% /

6 - Hard fat 50 – 100% /

7 - Lanolin 12.5 – 50% /

8 - Mineral oil

50%

30 – 35% in combination with

colloidal oatmeal

/

9 - Petrolatum 30% /

10 - White petrolatum 30% /

11 - Aluminium hydroxyde gel 0.15 – 5% Annex III

12 - Calamine 1 - 25% /

13 - Kaolin 4 – 20% /

14 - Zinc acetate 0.1 – 2% Annex Colorant (CI 77950)

15 - Zinc carbonate 0.2 – 2% Annex III ( 1% expressed in Zinc)

16 - Zinc oxide 1 – 25% Annex Colorant (CI 77947)

17 - Colloidal oatmeal

0.007% minimum

0.003% minimum in combination

with mineral oil

/

18 - Topical starch 10 – 98% /

19 - Sodium bicarbonate / /

Three ingredient groups in US : group 1 [1 to 10] – group 2 [11 to 16] and group 3 [17]

The active ingredients in each of these groups can be combined only with the other active ingredients in the same group.
Active ingredients in different groups cannot be used in the same drug product. For example, cocoa butter can be
combined with glycerine, but not with aluminium hydroxide gel.

Table 5. Comparative regulation of ingredients called « protectants » in US

2.2.4. Labelling rules

The comments which must be included on the packaging are presented in Table 6. The same
concern for public health governs the labelling rules, no matter which legislation is concerned.
It is a pity that at present, on the packaging of European sun products, there is no clear reference
to the size of the recommended dose of the product which should be applied on the skin. This
lack is currently being studied, and it has to be said that having directions on the packaging
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as to how much of the product should be used would be very useful, as it is known that
consumers do not use as much of the product as they should, on average 4 times less [36]. It
is known that the effect is linked to the dose. A good initiative of the Colipa should be noted
concerning sun protection cosmetics: this committee has in fact created a logo (Figure 1) which
reminds us that the product in question provides protection against UVA rays. A ratio of UVA
efficacy/UVB efficacy equal to or lower than 3 was imposed in order to avoid products which
only protect against UVB rays.

EU Europe

Categories of sunscreens 2 ‹ SPF ≤ 12 : « provides minimal » or

« provides minimum » « minimal » or

« minimum » « protection against »

« sunburn » or « sunburn and

tanning » or “for skin that sunburns

minimally”

12 ≤ SPF ‹ 30 : « provides moderate »

or “moderate” « protection against »

« sunburn » or « sunburn and

tanning » or “for skin that sunburns

easily”

SPF ≥ 30 : « provides high » or “high »

« protection against » « sunburn » or

« sunburn and tanning » or “for skin

highly sensitive sunburn”

SPF : 6 – 10

Low protection

SPF : 15 – 20 – 15

Moderate protection

SPF : 30 – 50

High protection

SPF : 50+

Very high protection

Warnings “When using this product keep out of

eyes. Rinse with water to remove”

“Sto use and ask a doctor if rash or

irritation developps and lasts”

/

Particular allegations « retains SPF after 40 minutes of

activity in the water or sweating or

perspiring »

« retains SPF after 40 minutes of

activity in the water or sweating or

perspiring”

Water resistant

Very water resistant

Quantity to apply « apply » « liberally » or « generously »

or « smoothly » or « evenly »

“”reapply as needed or after towel

drying, swimming, or sweating or

perspiring”

Cas of childrens « children under 6 months of age :

ask a doctor »

No sun exposure before 36 months

Table 6. Labelling of sunscreens
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Figure 1. UVA logo

2.2.5. Procedures to be followed

In Europe, it is just necessary to draw up a file on cosmetics which should remain relatively
short. This is only consulted by authorized personnel from the authorities which are concerned
(AFSSaPS or the Répression des Fraudes [Fraud Prevention]) in case of inspection. The status
of an over-the-counter medicine is very restricting as solid clinical studies must back up the
request for such a status. As an example, we can look at the Anthélios SX® product by the
Laboratoires La Roche Posay whose sale is now authorized in the USA following FDA
approval. The file was backed up by 28 clinical studies including 2500 patients from 6 months
to 65 years of age. It can be said, therefore, that sun products destined for the American market
are ones which have sufficient hindsight in Europe (enough time has lapsed to enable clinical
studies to be compiled). What is more, very few active ingredients are present in the formula:
ecamsule, avobenzone and octocrylene.

2.3. Dosage forms

Sun products come in different dosage forms: liquid forms (oils), thick pasty forms (emulsions
which are referred to as milks or creams according to the texture) and solid forms (sticks). The
most interesting forms are the systems which contain 2 phases enabling hydro- and liposoluble
filters to be incorporated together. The role of the excipient is a minor one, and will have little
influence on the SPF measured. However, it will have an important role to play in terms of
how the product is spread [36], in terms of its substantivity (a sun product must stay on the
surface and the phenomenon of transdermal penetration must be reduced to as little as
possible) [37]. Pickering emulsions are interesting as their formula contains titanium dioxide
which not only carries out the role of an active sun-protection ingredient but also that of an
emulsion stabilizer [38].

2.3.1. Liquid forms: Sun oils and waters

Oils and waters are single-phase systems and are forms which provide minimal sun protection.
Generally, they are composed of thermal water to which a hydrophilic filter is added. As for
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as to how much of the product should be used would be very useful, as it is known that
consumers do not use as much of the product as they should, on average 4 times less [36]. It
is known that the effect is linked to the dose. A good initiative of the Colipa should be noted
concerning sun protection cosmetics: this committee has in fact created a logo (Figure 1) which
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efficacy/UVB efficacy equal to or lower than 3 was imposed in order to avoid products which
only protect against UVB rays.
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/

Particular allegations « retains SPF after 40 minutes of
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Very water resistant
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Figure 1. UVA logo

2.2.5. Procedures to be followed

In Europe, it is just necessary to draw up a file on cosmetics which should remain relatively
short. This is only consulted by authorized personnel from the authorities which are concerned
(AFSSaPS or the Répression des Fraudes [Fraud Prevention]) in case of inspection. The status
of an over-the-counter medicine is very restricting as solid clinical studies must back up the
request for such a status. As an example, we can look at the Anthélios SX® product by the
Laboratoires La Roche Posay whose sale is now authorized in the USA following FDA
approval. The file was backed up by 28 clinical studies including 2500 patients from 6 months
to 65 years of age. It can be said, therefore, that sun products destined for the American market
are ones which have sufficient hindsight in Europe (enough time has lapsed to enable clinical
studies to be compiled). What is more, very few active ingredients are present in the formula:
ecamsule, avobenzone and octocrylene.

2.3. Dosage forms

Sun products come in different dosage forms: liquid forms (oils), thick pasty forms (emulsions
which are referred to as milks or creams according to the texture) and solid forms (sticks). The
most interesting forms are the systems which contain 2 phases enabling hydro- and liposoluble
filters to be incorporated together. The role of the excipient is a minor one, and will have little
influence on the SPF measured. However, it will have an important role to play in terms of
how the product is spread [36], in terms of its substantivity (a sun product must stay on the
surface and the phenomenon of transdermal penetration must be reduced to as little as
possible) [37]. Pickering emulsions are interesting as their formula contains titanium dioxide
which not only carries out the role of an active sun-protection ingredient but also that of an
emulsion stabilizer [38].

2.3.1. Liquid forms: Sun oils and waters

Oils and waters are single-phase systems and are forms which provide minimal sun protection.
Generally, they are composed of thermal water to which a hydrophilic filter is added. As for
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sun oils, they are generally composed of a vegetal oil, such as monoi, for example, or coconut
or sesame oil, to which one or more lipophilic filters is added.

2.3.2. Paste forms: Gels and emulsions

Gels, often called "sun jellies", are forms which are not very photoprotective. These are aqueous
or hydroalcoholic phases (the latter being quite incompatible with exposure to the sun!) which
are thickened using a derivative of cellulose (carboxymethyl cellulose, for example) or a
derivative of carboxyvinylic acid and incorporating a hydrophilic filter.

As for emulsions, they are the most commonly used dosage forms in the field of topical
photoprotection. According to their viscosity and therefore their use limited to small surface
areas (the face for example), or adapted to large areas (the whole body), they are referred to
either as milks or creams. Whichever they may be, these forms provide a wide range of SPF
values, going up to 50+. As they are two phase systems, (containing a hydrophilic phase and
a lipophilic phase), they offer the great advantage of enabling all sorts of combinations of filters
(hydro- and lipophilic ones) to which screens (such as zinc oxide and titanium dioxide) can be
added. Lipophilic aqueous emulsions (W/O) are to be preferred due to their water-resistant
character.

2.3.3. Solid forms: Sticks

The stick is a highly photoprotective cosmetic form which is adapted for application on small
surface areas, obviously for the lips, and also for the sides of the nose, for example. A stick is
made up of a mixture of waxes (animal wax, such as bees' wax, or vegetable waxes such as
carnauba wax) which act as a "spine" for the finished product and give it its hardness, fats
(vaseline, shea butter, etc.) and oils (sweet almond, jojoba, etc.). Lipophilic filters and screens
are then incorporated into this mixture.

2.4. Determining the efficacy

2.4.1. Efficacy indicators: SPF and UVA-PF

In France, article L 5131-6 of the Public Health Code states that " a cosmetic product can only
be put onto the market free of charge or against payment if the manufacturer, or their repre‐
sentative, or the person for whom the cosmetic product is made […], effectively makes
available to the controlling authorities […] proof of the effects that it is claimed to have, when
it is warranted by the nature of the effect or of the product". As for over-the-counter products,
clinical trials must have been carried out, of course, in order for the product to be able to be
put onto the market, as in this case, it is a medicine.

2.4.1.1. A few words about sun protection factor

The Sun Protection Factor (SPF) is a factor which indicates the efficacy of a sun product
regarding erythema, as UVB rays are 1000 times more erythemogenic than UVA rays [39]. If
we briefly recount the history of sun products, everything started in the 1930's with the
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marketing of a certain number of products containing sun filters (such as benzyl salicylate) [40]
and claiming to prevent sunburn, without being able to evaluate precisely the level of efficacy.
At this time, the product Ambre solaire® by the chemist Eugène Schueller could be found on
the market. At the time, no particular attention was paid to the molecules used and a certain
number of ingredients used were likely to cause what Freund defined for the first time as
Berloque Dermatitis [41]. From the end of the Second World War, the number of companies
involved in the field of sun protection (Coppertone, Piz Buin, etc.) increased, and more and
more knowledge was gained about efficacy. Some errors were committed, however, such as
the Bergasol products (in the 1970's) which were formulated with bergapten, which is a
molecule with photosensitizing properties which are nowadays well-known [42]. The efficacy
indicators which were initially very low, defined by Blum et al in 1945 [43], gradually increased,
eventually reaching the values of 50+ which we know today.

2.4.2. In vivo methods of determination

Currently, whatever the country, protocols can be found which have similar conditions (type
of panel, mass of the product applied, type of lamp used, etc.).

2.4.2.1. Definition of the MED

The FDA defines the MED as the “the quantity of erythema-effective energy (expressed as
joules per square meter) required to produce the first perceptible, redness reaction with clearly
defined borders”.

The Colipa [44] gives its own definition, a precision of time, as we know that sunburn is likely
to develop over a 24-hour period: “The Minimal Erythema Dose in human skin is defined as
the lowest UV dose that produces the first perceptible unambiguous erythema with defined
borders appearing over most of the field of UV exposure, 16 to 24 hours”.

2.4.2.2. Definition of SPF

An individual Sun Protection Factor (SPFi) value for a product is defined as the ratio of the
MED on product protected skin (MEDp) to the MED on unprotected skin (MEDu) of the same
subject:

SPF = MEDp (protected skin) / MEDu (unprotected skin)

The SPF for the product is the arithmetic mean of all valid individual obtained from all subjects
in the test, expressed to one decimal place.

2.4.2.3. Information concerning the volunteers

The comparative elements between the Colipa and the FDA concerning the subjects selected
are presented in Table 7. As we can notice, the selection conditions are very similar. In Europe,
the selection of subjects is made following the visual determining of the phototype of the
subjects and by questioning or by instrumental methods using a chromameter which converts
the colours into a digital code comprising 3 coordinates (Lab system). Using these coordinates,
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sun oils, they are generally composed of a vegetal oil, such as monoi, for example, or coconut
or sesame oil, to which one or more lipophilic filters is added.

2.3.2. Paste forms: Gels and emulsions

Gels, often called "sun jellies", are forms which are not very photoprotective. These are aqueous
or hydroalcoholic phases (the latter being quite incompatible with exposure to the sun!) which
are thickened using a derivative of cellulose (carboxymethyl cellulose, for example) or a
derivative of carboxyvinylic acid and incorporating a hydrophilic filter.

As for emulsions, they are the most commonly used dosage forms in the field of topical
photoprotection. According to their viscosity and therefore their use limited to small surface
areas (the face for example), or adapted to large areas (the whole body), they are referred to
either as milks or creams. Whichever they may be, these forms provide a wide range of SPF
values, going up to 50+. As they are two phase systems, (containing a hydrophilic phase and
a lipophilic phase), they offer the great advantage of enabling all sorts of combinations of filters
(hydro- and lipophilic ones) to which screens (such as zinc oxide and titanium dioxide) can be
added. Lipophilic aqueous emulsions (W/O) are to be preferred due to their water-resistant
character.

2.3.3. Solid forms: Sticks

The stick is a highly photoprotective cosmetic form which is adapted for application on small
surface areas, obviously for the lips, and also for the sides of the nose, for example. A stick is
made up of a mixture of waxes (animal wax, such as bees' wax, or vegetable waxes such as
carnauba wax) which act as a "spine" for the finished product and give it its hardness, fats
(vaseline, shea butter, etc.) and oils (sweet almond, jojoba, etc.). Lipophilic filters and screens
are then incorporated into this mixture.

2.4. Determining the efficacy

2.4.1. Efficacy indicators: SPF and UVA-PF

In France, article L 5131-6 of the Public Health Code states that " a cosmetic product can only
be put onto the market free of charge or against payment if the manufacturer, or their repre‐
sentative, or the person for whom the cosmetic product is made […], effectively makes
available to the controlling authorities […] proof of the effects that it is claimed to have, when
it is warranted by the nature of the effect or of the product". As for over-the-counter products,
clinical trials must have been carried out, of course, in order for the product to be able to be
put onto the market, as in this case, it is a medicine.

2.4.1.1. A few words about sun protection factor

The Sun Protection Factor (SPF) is a factor which indicates the efficacy of a sun product
regarding erythema, as UVB rays are 1000 times more erythemogenic than UVA rays [39]. If
we briefly recount the history of sun products, everything started in the 1930's with the
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marketing of a certain number of products containing sun filters (such as benzyl salicylate) [40]
and claiming to prevent sunburn, without being able to evaluate precisely the level of efficacy.
At this time, the product Ambre solaire® by the chemist Eugène Schueller could be found on
the market. At the time, no particular attention was paid to the molecules used and a certain
number of ingredients used were likely to cause what Freund defined for the first time as
Berloque Dermatitis [41]. From the end of the Second World War, the number of companies
involved in the field of sun protection (Coppertone, Piz Buin, etc.) increased, and more and
more knowledge was gained about efficacy. Some errors were committed, however, such as
the Bergasol products (in the 1970's) which were formulated with bergapten, which is a
molecule with photosensitizing properties which are nowadays well-known [42]. The efficacy
indicators which were initially very low, defined by Blum et al in 1945 [43], gradually increased,
eventually reaching the values of 50+ which we know today.

2.4.2. In vivo methods of determination

Currently, whatever the country, protocols can be found which have similar conditions (type
of panel, mass of the product applied, type of lamp used, etc.).

2.4.2.1. Definition of the MED

The FDA defines the MED as the “the quantity of erythema-effective energy (expressed as
joules per square meter) required to produce the first perceptible, redness reaction with clearly
defined borders”.

The Colipa [44] gives its own definition, a precision of time, as we know that sunburn is likely
to develop over a 24-hour period: “The Minimal Erythema Dose in human skin is defined as
the lowest UV dose that produces the first perceptible unambiguous erythema with defined
borders appearing over most of the field of UV exposure, 16 to 24 hours”.

2.4.2.2. Definition of SPF

An individual Sun Protection Factor (SPFi) value for a product is defined as the ratio of the
MED on product protected skin (MEDp) to the MED on unprotected skin (MEDu) of the same
subject:

SPF = MEDp (protected skin) / MEDu (unprotected skin)

The SPF for the product is the arithmetic mean of all valid individual obtained from all subjects
in the test, expressed to one decimal place.

2.4.2.3. Information concerning the volunteers

The comparative elements between the Colipa and the FDA concerning the subjects selected
are presented in Table 7. As we can notice, the selection conditions are very similar. In Europe,
the selection of subjects is made following the visual determining of the phototype of the
subjects and by questioning or by instrumental methods using a chromameter which converts
the colours into a digital code comprising 3 coordinates (Lab system). Using these coordinates,
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we can determine the ITA (Individual Typological Angle) which is proportional to the degree
of pigmentation of the skin. The darker the skin, the smaller the angle [45, 46]. However, it is
regrettable that the minimum number of subjects required by the Colipa in order to obtain
valid results is only 10. The FDA demands double that number, which seems more reasonable.
No notion of latent period between the tests is mentioned by the FDA. It is a pity that the
presence of nevi is not totally unacceptable in the US, indeed, the link between multiple nevi
and melanomas is a well-established fact. The risk of developing a melanoma for a person with
multiple nevi, that is to say between 100 and 120, is 7 times higher than for someone who only
has a few nevi (between 0 and 15) [47, 48, 49]. It would be interesting, therefore, to limit the
tests to subjects with a low number of nevi. It also seems absurd to find references to people
with phototype I skin, as these subjects are at risk of developing skin cancer [50]. It therefore
appears useless to subject them to UV irradiation, whether it be natural or artificial.

Colipa FDA

Phototype - Phototype I, II or III according to

Fitzpatrick

- or ITA°value > 28° by colorimetric

methods

- Only fair-skin subjects with skin types I, II, and

III using the following guidelines :

I – always burns easily; never tans (sensitive)

II – Always burns easily; tans minimally (sensitive)

III – Burns moderately; tans gradually (light

brown) (normal)

(Skin type and Sunburn and tanning history

based on first 30 to 45 minutes sun exposure

after a winter season of no sun exposure)

Medical

characteristics

- Exclusion of sensitive subjects (previous

history of abnormal response to the sun)

- children

- pregnant or lactating women

- subjects taking medication with

photosensitising potential

- subjects with dermatological problems

- subjects accustomed to using tanning

beds

- subjects having marks, blemishes or nevi

or presenting with existing sun damage

- Exclusion of sensitive subjects (previous history

of abnormal response to the sun)

- the presence of nevi, blemishes, or moles wille

be acceptable if the physician’s judgement they

will not interfere with the study results.

Written consent - Informed, written (signature) consent - Legally effective written informed consent

Number of

volunteers

- minimum 10 (10 valid results)

- maximum 20

- minimum 20 (20 subjects must produce valid

data for analysis)

- maximum 25

Frequency of

participation in

tests

- Latence time of 2 months /

Table 7. Characteristics of the panel
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A test will be considered as valid if “confidence limits (95% Confidence Interval) for the mean
SPF should fall within the range of ± 17% of the mean SPF”. In the case of a high level of
uncertainty, the subject(s) having generated over-large standard deviation are excluded from
the study.

2.4.2.4. The conditions of the test

2.4.2.4.1. Test area

The irradiation sites are similar whether it be for the Colipa or the FDA: between the scapula
line and the waist. The minimum surface area required according to the FDA is one of 50cm²
for an area, and of 4 to 5 cm² for a subsite area. For the Colipa, the minimum area for a product
application site shall be 30 cm2 and the maximum shall be 60 cm2.

The dose of the product applied on the skin is 2 mg/cm2 (this dose is universally recognized).
The Colipa specifies that the quantity of the product applied on the skin before spreading
should be 2 mg/cm2 ± 2.5% (the sensitivity of the scales should be at least 0.0001 g, ie. with at
least 4 decimal places). The product should be applied with a finger-cot and can be deposited
with a syringe for liquid products, or for products which can be made into liquids after being
warmed slightly. The Colipa states a quantity of 15 drops of the product for 30 cm2 in order to
obtain a homogenous distribution of the product. The application time is also measured and
should be between 20 and 50 seconds according to the surface area in question. The products
are applied in a randomized way.

The Colipa makes a clarification regarding the proximity of the test sites: there must be a
minimum distance of 1 cm between the borders of adjacent product application sites.

A variable latent period is respected between application and irradiation: 15 minutes (FDA)
or 15 to 30 minutes (Colipa).

The lack of information concerning the quantity of the product present on the skin after
spreading is also regrettable. No in vivo method states the quantity of the product which
remains on the finger-cot, a quantity which varies according to the nature of the product which
is applied (a product which is either fluid or pasty, with either sticky or, on the contrary, film-
forming ingredients).

The conditions of temperature of the room in which the tests are carried out are drawn up by
the Colipa. It is recommended to use rooms with air-conditioning. However, the temperature
range is quite wide (18 to 26°C).

2.4.2.4.2. The characteristics of the lamp used

The characteristics in terms of quality of emitted UV rays, of total irradiance and the uniformity
of the beam are similar in Europe to the United States. The characteristics are the following: a
solar simulator used for determining the SPF of a sunscreen product should be filtered so that
it provides a continuous emission spectrum from 290 to 400 nm similar to sunlight at sea level
from the sun at a zenith. No emission fluctuations should be seen through time and the
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A test will be considered as valid if “confidence limits (95% Confidence Interval) for the mean
SPF should fall within the range of ± 17% of the mean SPF”. In the case of a high level of
uncertainty, the subject(s) having generated over-large standard deviation are excluded from
the study.

2.4.2.4. The conditions of the test

2.4.2.4.1. Test area

The irradiation sites are similar whether it be for the Colipa or the FDA: between the scapula
line and the waist. The minimum surface area required according to the FDA is one of 50cm²
for an area, and of 4 to 5 cm² for a subsite area. For the Colipa, the minimum area for a product
application site shall be 30 cm2 and the maximum shall be 60 cm2.

The dose of the product applied on the skin is 2 mg/cm2 (this dose is universally recognized).
The Colipa specifies that the quantity of the product applied on the skin before spreading
should be 2 mg/cm2 ± 2.5% (the sensitivity of the scales should be at least 0.0001 g, ie. with at
least 4 decimal places). The product should be applied with a finger-cot and can be deposited
with a syringe for liquid products, or for products which can be made into liquids after being
warmed slightly. The Colipa states a quantity of 15 drops of the product for 30 cm2 in order to
obtain a homogenous distribution of the product. The application time is also measured and
should be between 20 and 50 seconds according to the surface area in question. The products
are applied in a randomized way.

The Colipa makes a clarification regarding the proximity of the test sites: there must be a
minimum distance of 1 cm between the borders of adjacent product application sites.

A variable latent period is respected between application and irradiation: 15 minutes (FDA)
or 15 to 30 minutes (Colipa).

The lack of information concerning the quantity of the product present on the skin after
spreading is also regrettable. No in vivo method states the quantity of the product which
remains on the finger-cot, a quantity which varies according to the nature of the product which
is applied (a product which is either fluid or pasty, with either sticky or, on the contrary, film-
forming ingredients).

The conditions of temperature of the room in which the tests are carried out are drawn up by
the Colipa. It is recommended to use rooms with air-conditioning. However, the temperature
range is quite wide (18 to 26°C).

2.4.2.4.2. The characteristics of the lamp used

The characteristics in terms of quality of emitted UV rays, of total irradiance and the uniformity
of the beam are similar in Europe to the United States. The characteristics are the following: a
solar simulator used for determining the SPF of a sunscreen product should be filtered so that
it provides a continuous emission spectrum from 290 to 400 nm similar to sunlight at sea level
from the sun at a zenith. No emission fluctuations should be seen through time and the
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intensity of irradiation should be as uniform as possible. The material should be subjected to
frequent radiometric controls.

The source of illumination should be either a tungsten light bulb or a warm white fluorescent
light bulb that provides a level of illumination at the test site within the range of 450 to 550 lux
(FDA) or a xenon arc solar simulator with a filtering system.

2.4.2.4.3. Determining the MED in practice

A series of UV radiation exposures expressed as joules per square meter is administered to the
each subject with an accurately-calibrated solar simulator.

A Colipa – FDA comparison is presented in Table 8. The FDA suggests some examples for SPF
from 8 to 15.

Colipa FDA

Unprotected skin - a minimum of 5 sub-sites centred

on the estimated MEDu shall be

exposed with incremental UV doses

using a recommended geometric

progression of either 1.12 or 1.25.

- a series of 5 exposures should be

administered to the untreated skin.

The doses selected shall be a

geometric series represented by

(1.25n), wherein each exposure time

interval is 25% greater than the

previous time .

Protected skin - The centre of the UV dose range is

that of the unprotected MED

multiplied by the expected SPF of

the product.

- a minimum of 5 sub-sites centred

on the estimated MEDu shall be

exposed with incremental UV doses

using a recommended geometric

progression of either 1.12 or 1.25

- 7 exposures

- the doses selected shall consist of a

geometric series of five exposures

where the middle exposure is placed

to yield the expected SPF plus two

other exposures placed

symmetrically around the middle

exposure.

Measure - 24 h after exposure - 24 h after exposure

Table 8. MED determination

For a product with an SPF of 8, given that the MED must correspond to the dose or to the
median time, it will be surrounded with values obtained according to a geometric sequence at
a rate of 1.25:

0.64 x MED – 0.80 x MED – 1 MED – 1.25 Med – 1.56 MED

Furthermore, 2 doses placed symmetrically in relation to the median dose are added, here:

0.9 x MED and 1.10 x MED

Highlights in Skin Cancer140

Sometimes, we speak in terms of SED (Standard Erythema Dose) which corresponds to the
efficient erythemogenic exposure. For human beings, an SED corresponds to an exposure of
100 j/m2. Caucasian subjects have an MED of between 150 j/m2 (or 1.5 SED) and 600 j/m2 (or 6.0
SED) according to the phototypes (as the Caucasian type includes phototypes which differ as
much as phototypes I and IV) [51]. We can speak indifferently either in terms of dose or time.

2.4.2.5. Determining the UVA protection factor (UVA-FP)

2.4.2.5.1. Introduction

Although the protocol of determining the SPF is very clearly defined, both in Europe and in
America, this is not the case concerning the UVA protection factor [52]. The two most fre‐
quently used methods are the IPD (Immediate Pigment Darkening) and PPD (Persistent
Pigment Darkening) methods. Since 2007, taking the UVA protection in a sunscreen into
account has become a necessity in Europe, with the establishing of 5 categories corresponding
to no, low, medium, high and highest UVA protection [53].

2.4.2.5.2.- IPD and PPD methods

These methods are based on the evaluation of the Meirowski phenomenon consecutive to the
action of UVA rays. To do this, a halide lamp or a xenon arc lamp equipped with UVB filters
is used. The subjects who are recruited have phototypes III and IV because they are likely to
develop a tan in the evening. If the reading takes place at a maximum of 2 hours after irradi‐
ation, we refer to the IPD (immediate pigment darkening) method. If the reading is taken later,
we can refer to it as the PPD (persistant pigment darkening) method [54, 55, 56].

The UVA-PF is defined according to:

UVA-PF = MIPDDprotected skin / DMIPDDunprotected skin

with MIPDD, Minimum Immediate Pigment Darkening Dose

or :

UVA-PF = MPPDDprotected skin / MPPDDunprotected skin

with MPPDD, the Minimal Persistent Pigment Darkening Dose.

2.4.3. In vitro methods of determining the efficacy of sun products

2.4.3.1. Determining the SPF in vitro

There is no official method in this field. All the methods which are proposed are spectropho‐
tometric methods based on the Beer Lambert law which links the absorbance of a sample to
its concentration of active molecules. The principal of determining the SPF in vitro is based on
measuring the transmittance of a sun product applied on various kinds of support. In the
1980's, Sayre and Agin studied different spectral light sources enabling them to correlate the
results obtained respectively by in vitro and in vivo methods [58]. The first trials were carried
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2.4.2.5.2.- IPD and PPD methods

These methods are based on the evaluation of the Meirowski phenomenon consecutive to the
action of UVA rays. To do this, a halide lamp or a xenon arc lamp equipped with UVB filters
is used. The subjects who are recruited have phototypes III and IV because they are likely to
develop a tan in the evening. If the reading takes place at a maximum of 2 hours after irradi‐
ation, we refer to the IPD (immediate pigment darkening) method. If the reading is taken later,
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2.4.3.1. Determining the SPF in vitro
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measuring the transmittance of a sun product applied on various kinds of support. In the
1980's, Sayre and Agin studied different spectral light sources enabling them to correlate the
results obtained respectively by in vitro and in vivo methods [58]. The first trials were carried

About Suncare Products
http://dx.doi.org/10.5772/55411

141



out on supports such as certain animal skins (mice and pigs) or even on human skin. In 1989,
Diffey and Robson tested a new substrate called Transpore® (3M, St Paul, US), a cheap adhesive
system [59]. Its supple texture means that it must be placed on a rigid plate (such as quartz).
The main disadvantage for its use is that it has varying sizes of pores depending on the part
of the roll of the material which is used (which means that the first and last 60cm of the roll
must be discarded and that the pores vary in size from one roll to the next. It is interesting for
testing simple formulas, however, the results obtained are very different from those observed
in vivo for formulas including complex mixtures of filters [60]. The quartz plates can also be
used alone. They have 2 disadvantages: they are expensive and as they are not disposable, they
must be rigorously cleaned between 2 series of measurements. Even though they are able to
be used in research, they seem to be quite unsuitable for industrial use [61]. Skin substitutes
(Vitroskin®) provide an interesting analogy with real skin, but they are expensive and they
have a limited length of use once they have been rehydrated [62]. Different synthetic substrates
are currently used, such as polyvinylchloride film (Saran Wrap®), Teflon [63] and polyme‐
thylmethacrylate (PMMA) [64, 65]. Whatever support is chosen, its efficacy in UVB light is
determined by calculation, by effecting the convolution product of the spectrum of the source,
of the spectrum transmitted through the sample and of the spectrum of the erythemogenic
efficacy (figure 2) [66] and by integrating the area under the curve in the following formula:

SPF =
∑
290

400
EλSλΔλ

∑
290

400
EλSλTλΔλ

with Eλ being the spectral erythemogenic efficacy (International Committee on Illumination),
Sλ being solar spectral irradiance and Tλ being the spectral transmittance of the sample.

2.4.3.2. In vitro determination of the UVA-PF

The Colipa published guidelines in 2007 for determining the UVA index in vitro. The initial
UVA-PF is calculated using the UV absorbance spectrum which was adjusted to the labelled
SPF. Sunscreen samples were then exposed to a single UV dose of 1.2 times the initial UVA-
PF (in joules/m²). The final UVA-PF values for the samples were calculated from the adjusted
absorbance spectrum after irradiation [67]. Other calculations made are those of the SPF/UVA-
PF ratio, which must be lower than 3, and the critical wavelength λc (the wavelength under
which the product is 90% effective) which must be above or equal to 370 nm according to the
recommendations of the AFSSaPS.

At the same time, the FDA suggested an in vitro method for determining the efficacy in UVA
rays. The in vitro UVA proposed is based on measurement of UV transmission through a
sunscreen film. The absorbance curve was obtained, in this case after pre-irradiation with a
UV dose specified as two thirds of the SPF in Minimal Erythemal Doses (MEDs) (1 MED = 20
SED), and the mean absorbance in the UVA1 range from 340 to 400 nm and the entire UV range
from 290 to 400 nm were determined. The ratio of mean UVA1 absorbance to mean absorbance
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determines the rating. There are 4 categories (ratio ≥ 0.2 “low – 1 star” ; ratio ≥ 0.4 “medium –
2 stars” ; ratio ≥ 0.7 “high – 4 stars” ; ratio > 0.95 “highest – 4 stars”) [68].

2.5. Determining water-resistance and photostability

2.5.1. Determining water-resistance

The technique and the quantity of the product applied on the skin play an important role in
the obtained level of photoprotection. The same applies to the water-resistance of products [69]
which is an important element to take into account when choosing a product which is going
to be used on the beach.

2.5.1.1. In vivo methods of determining water-resistance

The FDA and the Colipa propose protocols for determining the water-resistance of sun
products [70, 71].

The principal is the same in both cases. The subjects are immersed in a swimming pool or a
jacuzzi, etc. On the other hand, the way of interpreting the results is not done in the same way
in Europe and in the United States.
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Figure 2. Variations of weighting coefficients for each wavelength concerning erythema and non-melanoma skin can‐
cer (Norme CEI 60335-2-27, 2002)
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2 stars” ; ratio ≥ 0.7 “high – 4 stars” ; ratio > 0.95 “highest – 4 stars”) [68].

2.5. Determining water-resistance and photostability

2.5.1. Determining water-resistance

The technique and the quantity of the product applied on the skin play an important role in
the obtained level of photoprotection. The same applies to the water-resistance of products [69]
which is an important element to take into account when choosing a product which is going
to be used on the beach.

2.5.1.1. In vivo methods of determining water-resistance

The FDA and the Colipa propose protocols for determining the water-resistance of sun
products [70, 71].

The principal is the same in both cases. The subjects are immersed in a swimming pool or a
jacuzzi, etc. On the other hand, the way of interpreting the results is not done in the same way
in Europe and in the United States.
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Figure 2. Variations of weighting coefficients for each wavelength concerning erythema and non-melanoma skin can‐
cer (Norme CEI 60335-2-27, 2002)
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In the United States, a product can display the words "water resistant" on the packaging and
the SPF mentioned is the SPF obtained after 2 successive baths of 20 minutes. For the product
to qualify as being "very water resistant", it must have undergone a test of 4 successive baths
of 20 minutes.

In Europe, a certain number of pre-requisites must be checked before the test is carried out to
ensure that the incertitude is less than 17% of the average SPF. A percentage of water resistance
is calculated by comparing the SPF obtained after 2 successive baths of 20 minutes and the
initial SPF. If the percentage is higher than or equal to 50% of the initial SPF, then the product
is declared as being "water resistant". In the same way, a product is declared as being "very
water resistant" if after 80 minutes of immersion (4 periods of 20 minutes) the percentage of
water resistance is higher than or equal to 50%. In both cases, the SPF displayed is the initial
one (obtained before immersion).

2.5.1.2. In vitro method of determining water resistance

Very few studies exist concerning the development of in vitro techniques. Work by Choquenet
et al can be quoted, which, by analogy with the Colipa method, provide the necessary
conditions for distinguishing water resistant products from products which can be washed
away with water [72]. The authors recommend immersing the PMMA plates, coated with the
product which is to be tested, in a bath of distilled water, shaken gently (5 L.min-1) and at a
temperature of 29 ± 2°C. The creams are applied to the PMMA plates and their SPF is measured
using an integrating sphere spectrophotometer (Labsphère UV1000S) before and after
immersion. As in the in vivo method, the product is deemed "water resistant" if the SPF after
the bath is at least 50% of the initial SPF.

2.5.2. Determining the photostability of sun products

The photostability of sun products is an important criterion for two reasons: if the product is
not photostable, its efficacy will decrease rapidly over time and the subject will thus no longer
be sufficiently protected. Furthermore, the production of photo-oxidation products can lead
to problems of skin tolerance [73]. It is advisable therefore to study the photodegradation
profile of the filters incorporated into the excipients and to determine efficacy kinetics over
time. Certain filters such as PABA [74] or benzophenones [75] are reputed to be very photo‐
stable. Other filters which are not very photostable, such as avobenzone, have a varying degree
of stability according to the composition of the medium [76]. The filters can be studied alone
or in a mixture, they can be irradiated after being placed on a glass plate in the UVB/UVA field
and their photostability can be assessed by the dose of HPLC [77] or they can be studied in
vivo. L’Oréal carried out an in vivo study in 2008 on 5 subjects. This study consisted in applying
a product (SPF 15 ; FP-UVA 15) onto the volunteers' skin, formulated with 3 organic filters,
octocrylene, avobenzone and Mexoryl SX®, irradiating them at doses ranging from 64 to 200%
of the SPF, in retrieving the product from the skin and then dosing the filters. There was no
significant difference between the rate of filters before and after irradiation, even for the high
doses (200% SPF ie. 30 MED) [78]. A systematic study of the 18 UVB filters which are authorized
in Europe enabled the filters to be ranked in ascending order of photostability. The filters which
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retain more than 90% of their efficacy after irradiation in a solar simulator are deemed to be
photostable. Eight filters (PABA, Oxybenzone, Phenilbenzimidazole sulfonic acid, Octocry‐
lene, Diethylhexylbutamidotriazine, 4-methylbenzylidene camphor, Benzophenone-5 and
Methylene bis-benzotriazolyl tetramethylbutylphenol) appear to be interesting and likely to
stabilize the formulas they are incorporated into [79].

2.6. Active ingredients

There are two categories of active ingredients, inorganic filters, also known as screens, and
organic filters.

2.6.1. Inorganic filters or screens

Two screens could be used: titanium dioxide and zinc oxide which act by reflecting the ultra-
violet rays. Both take the form of an inert, particularly photostable white powder [80, 81]. They
were used for a long time in pigmentation, but were considered not to be very effective and
were not very aesthetic due to the fact that they leave a white film on the skin sometimes called
the "Pierrot's mask". The micronization of powders brought a solution to these 2 disadvantages
[82, 83]. The reduction of the size of the particles from 200 nm to 15 nm makes the products
more acceptable and coating them makes them disperse more easily in the chosen excipient.
However, the reduction of the size of the particles raises certain questions, namely as to
whether they can cross the skin barrier. Studies on pig skin show that micro-thin zinc oxide
and titanium dioxide powders do not penetrate into the skin [84]. Similar results were obtained
in vivo by the stripping method and showed that zinc oxide (Z-Cote Max® BASF) was restricted
to the superficial layers of the epidermis, namely the Stratum corneum [85]. As for harmlessness,
the results contrast. Some people argue that a risk exists, zinc oxide could have potentially
genotoxic effects on human epidermal cells [86] and titanium dioxide could be cytotoxic and
genotoxic on cell cultures (hamster ovary cells) [87]. For others, these ingredients are totally
safe [88, 89]. Concerning efficacy, titanium dioxide proves to be the most efficient, as it gives
an SPF value of 10 (Eusolex TS®) as opposed to 5 for zinc oxide (Z-Cote Max®) for the same
incorporation percentage of 10%. It can be noted, however, that zinc oxide has a wider
spectrum as it proves to be as efficient in the UVA field as in the UVB field, contrary to titanium
dioxide which is 2.5 times less efficient in UVA rays as in UVB rays [90].

2.6.2. Organic filters

2.6.2.1. Introduction

It is a question of molecules which have one or more aromatic cycles associated with a
substituent electron donor and/or an unsaturated hydrocarbon chain. These molecules are
characterized by a chromophoric group which absorbs the incident photons' energy at certain
wavelengths. It is said that the filters are selective, as they only absorb energy in a well-defined
range of the UV spectrum. Each filter is thus characterized by its wavelength of maximum
absorption (λmax).
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In the United States, a product can display the words "water resistant" on the packaging and
the SPF mentioned is the SPF obtained after 2 successive baths of 20 minutes. For the product
to qualify as being "very water resistant", it must have undergone a test of 4 successive baths
of 20 minutes.
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time. Certain filters such as PABA [74] or benzophenones [75] are reputed to be very photo‐
stable. Other filters which are not very photostable, such as avobenzone, have a varying degree
of stability according to the composition of the medium [76]. The filters can be studied alone
or in a mixture, they can be irradiated after being placed on a glass plate in the UVB/UVA field
and their photostability can be assessed by the dose of HPLC [77] or they can be studied in
vivo. L’Oréal carried out an in vivo study in 2008 on 5 subjects. This study consisted in applying
a product (SPF 15 ; FP-UVA 15) onto the volunteers' skin, formulated with 3 organic filters,
octocrylene, avobenzone and Mexoryl SX®, irradiating them at doses ranging from 64 to 200%
of the SPF, in retrieving the product from the skin and then dosing the filters. There was no
significant difference between the rate of filters before and after irradiation, even for the high
doses (200% SPF ie. 30 MED) [78]. A systematic study of the 18 UVB filters which are authorized
in Europe enabled the filters to be ranked in ascending order of photostability. The filters which
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and titanium dioxide powders do not penetrate into the skin [84]. Similar results were obtained
in vivo by the stripping method and showed that zinc oxide (Z-Cote Max® BASF) was restricted
to the superficial layers of the epidermis, namely the Stratum corneum [85]. As for harmlessness,
the results contrast. Some people argue that a risk exists, zinc oxide could have potentially
genotoxic effects on human epidermal cells [86] and titanium dioxide could be cytotoxic and
genotoxic on cell cultures (hamster ovary cells) [87]. For others, these ingredients are totally
safe [88, 89]. Concerning efficacy, titanium dioxide proves to be the most efficient, as it gives
an SPF value of 10 (Eusolex TS®) as opposed to 5 for zinc oxide (Z-Cote Max®) for the same
incorporation percentage of 10%. It can be noted, however, that zinc oxide has a wider
spectrum as it proves to be as efficient in the UVA field as in the UVB field, contrary to titanium
dioxide which is 2.5 times less efficient in UVA rays as in UVB rays [90].

2.6.2. Organic filters

2.6.2.1. Introduction

It is a question of molecules which have one or more aromatic cycles associated with a
substituent electron donor and/or an unsaturated hydrocarbon chain. These molecules are
characterized by a chromophoric group which absorbs the incident photons' energy at certain
wavelengths. It is said that the filters are selective, as they only absorb energy in a well-defined
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2.6.2.2. The main families and their characteristics

PABA (λmax = 309 nm) is now banned in Europe due to the fact that it is highly allergenic [91].
Its derivatives (PEG-25 PABA and Octyldimethyl PABA) are less allergenic and are still
authorized in Europe. They are some examples of the few hydrosoluble filters available.
According to the grafting which was carried out, the efficacy is variable. Octyldimethyl PABA
(Padimate O) enables an SPF value of 9 to be attained for 8% of incorporation, and PEG-25
PABA gives an SPF of 4 for 10% [92].

Cinnamates are the most widely used UVB filters. As an example, we can give octylmethox‐
ycinnamate (OMC) (λmax = 310 nm). Indeed, it is found in a large number of products on the
market. Cinnamates are well tolerated, even though they are linked with the notion of being
endocrine disruptors. It should be remembered however, that OMC has 140,000 times less
affinity for α receptors and 500,000 times less affinity for β oestrogen receptors than βestradiol,
the standard oestrogen [93] and that its uterotrophic effects in animals is judged to be very low
[94]. Cinnamic esters are quite efficient filters as they generate approximately 1 SPF unit per
percentage of use [92].

Salicylates are poor photoprotectors. We can mention in particular homomenthyl salicylate or
homosalate (λmax = 306 nm) which, when incorporated into the recommended excipient at 8%,
constitutes the FDA standard and which enables an average SPF of 4.47 (4.47 ± 1.279) to be
reached. It is practically non-existent in European products. Certain publications report that
octisalate (or octyl salicylate) has a proliferative effect on MCF-7 cells in breast cancer [95].

Benzophenones are wide spectrum filters which give 2 maxima of absorption in UV rays, one
of 285 nm and the other close to 325 nm. As examples, we can mention benzophenone-3 (or
oxybenzone) and benzophenone-4 and 5. Although they are not very efficient filters (SPF of 3
to 10% for oxybenzone and 4 to 5% for benzophenone-4), they are interesting, however, because
they are very stable. Their low substantivity is a disadvantage, as is their poor tolerance
(frequent allergic reactions for oxybezone) [96, 97]. Questions are being raised in other respects,
as there could be a potentialization of the transdermic penetration of oxybenzone by a
frequently associated repellent, DEET (NN diethyl-m-toluamide) but opinions are divided [98,
99]. What is certain is that oxybenzone is a filter which is found in the organism after topical
application. It is known that 1 to 2% of the oxybenzone contained in a formula is absorbed
after 10 hours. It is advised that these products should not be applied over large surfaces and
that repeated applications should be avoided [100]. As for formulation, certain ingredients
such as Transcutol® (diethylene glycol monoethyl ether) could be looked for, which increase
substantivity without favouring crossing the skin barrier [101]. These are not therefore filters
that should be rejected, but rather filters that should be used with care.

Triazines and derivatives (Bemotrizinal or Tinosorb S® -305 and 360 nm- and Bisoctrizole
or Tinosorb M® -310 et 340 nm) are safe from a toxicological point of view [102]. They are
marketed by a company called Ciba and are synergic. It is thus particularly interesting to
combine them in the same formula. Bisoctrizole is both the best UVB and the best UVA
filter on the market [92].
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Mexoryls® and more precisely Mexoryl SX® are derivatives of camphor. The latter is the
only Mexoryl®  of  the series  to  be authorized in the United States.  It  is  presented as  an
interesting filter regarding protection from skin damage caused by UVA rays both in vitro
and in vivo [103, 104].

Concerning UVA filters, avobenzone is widely used and its lack of stability can be compen‐
sated for by combining it with other filters. Encapsulation, although fuelling many publica‐
tions, has not enabled any industrial application so far [105, 106]. Neoheliopan AP® and Uvinul
A+® are not authorized in the United States yet.

It is a pity that 3-benzylidene camphor (limited to 2%) is still authorized in Europe, as at this
dose it is almost inefficient and it is also suspected of being an endocrine disruptor [107, 108].

2.6.3. Molecules of interest

Although a certain number of authors claim that the toxicity of organic filters is irrefutable,
the same cannot be said for the others. The potential endocrine effect of certain filters is not
conclusive and the controversy concerning parabens which has shaken the scientific com‐
munity [109] lead us to believe that in the field, it is necessary to be prudent and indispensable
ingredients for photoprotection should not be too hastily discredited. However, confronted
with these threats, it would be advisable to find new filters, especially using plants as a source,
as well as ingredients which could complete the action thanks to their original properties.

We could mention, for example, boldine, an alkaloid from the boldo tree, which has been
known for a long time for its antioxidant properties [110] and more recently for a potential
photoprotective effect [111]. Aromatic compounds contained in certain lichens [1 chloropan‐
narine, epiphorelic acid I and II, calicine) prove in vitro to be of a level of efficacy comparable
to that of OMC [112]. Flavonoids, natural colorants of many plants prove to be an interesting
family too with chlorogenic acid in particular (SPF = 10), baicaline (SPF = 8), luteoline (SPF =
7), apigenine (SPF = 7), puerarine (SPF = 6) for a usage dose of 10% [113]. Coming from the sea,
mycosporine-like aminoacids seem to be interesting in particular with a potential photopro‐
tective effect in the UVA field [114, 115, 116].

3. Care products and make-up with SPF

Recently, there has been a wave of care products and make-up with SPF on the market, their
SPF being mainly around 15. The justification for this is found in publications which state that
there is a beneficial effect of using filters on a daily basis in order to prevent skin ageing and
in particular using a mixture of avobenzone (1.5%) - ecamsule (1.5%) - octocrylene (4%) [117].
Even if we know very well that UV rays are responsible for actinic ageing, the daily use of
products containing filters does not seem to be a good thing. It appears that filters, even though
they are active, sometimes have adverse effects. They must be kept, therefore, for use in sun
care products, all the more so as these other care products are not sun care products, so do not
have to obey the same rules, namely those concerning the SPF / UVA-PF ratio and the critical
wavelength [118].
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4. Conclusion

Given the consequences for the skin of exposure to the sun, it seems necessary to ensure
effective photoprotection. We have seen the various dosage forms, which offer a wide range
of products adapted to the site of application. According to the quality-quantity of the product,
the level of efficacy can vary greatly. The status of the products in itself is not unique, on one
side of the Atlantic or the other, as cosmetics, medical devices and OTC medicines can be found.
On the other hand, the methods for determining the efficacy of these products are almost
universal.
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4. Conclusion

Given the consequences for the skin of exposure to the sun, it seems necessary to ensure
effective photoprotection. We have seen the various dosage forms, which offer a wide range
of products adapted to the site of application. According to the quality-quantity of the product,
the level of efficacy can vary greatly. The status of the products in itself is not unique, on one
side of the Atlantic or the other, as cosmetics, medical devices and OTC medicines can be found.
On the other hand, the methods for determining the efficacy of these products are almost
universal.
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1. Introduction

Autoimmune blistering dermatoses (ABD) are a group of relatively rare autoantibody-driven
diseases affecting primarily skin and/or multiple mucosa. They comprise of two main subdi‐
visions: ABD with autoimmunity to enzymes (dermatitis herpetiformis only) and ABD with
autoimmunity to mostly structural proteins (anti-desmosomal autoimmunity circle, anti-
dermal-epidermal junction autoimmunity circle and others). As both coexistent development
of organ specific autoimmunity (e.g. myasthenia gravis) and transition between ABD groups
are possible, ABD seem to be a part of pathological multiorgan autoimmunization syndrome
[1]. The replacement of physiological autoimmunity by pathological autoimmunity and
triggering blister formation in ABD still remain unexplored and essential issues. It is suggested
that malignancy may be a triggering factor inducing the development of pathological auto‐
immunity. On the other hand, the development of malignancies during chronic immunosup‐
pressive therapy may be observed [2].

In  this  chapter,  we  discuss  an  important  and  interesting  area  of  research,  focused  on
identifying  the  relationships,  on  both  clinical  and  molecular  level,  between  ABD  and
malignancy.  Collectively,  the  literature  data  and our  own experience  indicate  that  ABD
may be associated with different malignant tumors, both cutaneous and affecting internal
organs.  However,  the  issue if  it  is  a  mere coincidence or  true pathogenetic  relationship
remains to be resolved. It is known that in a state of perpetual activation of immune system,
as in ABD, proinflammatory molecules (e.g. cytokines) may cause tissue damage leading
to chronic inflammation and subsequently increase the risk of carcinogenesis [3]. At both

© 2013 Pietkiewicz et al.; licensee InTech. This is an open access article distributed under the terms of the
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clinical  and molecular  level  ABD and malignancy-associated ABD (MAABD) may seem
similar; nevertheless, the pathogenesis of those entities plausibly is fundamentally distinct.
However,  broadly  observed associations  between ABD and cancer  indicate  that  various
molecular pathways may contribute to elevated risk of malignancy in these patients. Most
importantly,  the coexistence of  malignancy with ABD changes the management  of  such
patients compared to patients with ABD alone. For a long months and years, many cases
of ABD and MAABD are undiagnosed, misdiagnosed and subsequently mistreated due to
relative rarity and therefore low awareness of autoimmunity-driven blistering dermatoses
among practitioners. The time period elapsed between the first symptoms and diagnosis,
makes the time-onset relation between ABD and cancer usually uncertain.

Molecular  abnormalities  of  desmosomal  proteins  are  observed  in  ABD  and  epithelial
malignancies.  A  key  function  of  desmosomal  proteins  is  the  maintenance  of  adhesion.
However, in malignancy, where cells may separate, detach and metastasize, it is possible
that alterations in their expression may be the reason of carcinogenesis process. Interesting‐
ly,  the altered desmosomal protein expression and subsequent changes in cell-cell  cohe‐
sion  are  often  associated  with  signal  pathways  (e.g.  epidermal  growth  factor  –  EGF in
squamous cell carcinoma).

2. Autoimmune blistering dermatoses

ABD form a group of autoimmunity-driven diseases, where bullous lesions arise on the skin
and/or multiple mucosa. Diverse ABD are evoked by different triggering mechanism and are
characterized by different clinical onset, course and prognosis. Two main subdivisions can be
separated: ABD with autoimmunity to enzymes and ABD with autoimmunity to structural
proteins. The entities may be commonly distinguished by clinical, histopathological (presence
or absence of acantholysis and differences of its localization, level of blistering and the
composition of inflammatory infiltrate), immunohistochemical (localization and patterns of
deposits and autoantibody immunoglobulin class) and molecular examination (ELISA,
immunoblotting).

2.1. ABD with autoimmunity to enzymes

The  entity  is  represented  only  by  dermatitis  herpetiformis  (DH),  also  known  as  Duh‐
ring's disease -  chronic,  intensely itchy, blistering skin manifestation of the gluten sensi‐
tive enteropathy [4].  It  affects  symmetrically extensor surfaces of  limps and the trunk –
mainly buttocks and sacral  area,  where tiny vesicles,  papules or  even urticarial  plaques
occur in groups. The onset age is 20-60 years with peak about 35, and incidence ranging
from 10 to  39  per  100,000 persons,  depending on world region [1,5].  Patients  have IgA
autoantibodies to transglutaminases (TGs), that are considered major autoantigens in DH,
yet  other  antigens  were  also  reported  (antiendomysial,  antireticulin,  antithyroid  and
antinuclear antibodies) [5]. It is thought that granular/fibrillar IgA deposits in tips of dermal
papillae provoke neutrophile-mediated destruction of the dermal-epidermal junction (DEJ)
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and  forming  subepidermal  vesicle  [1,4,5]  Histopathologically,  microabscesses  in  dermal
papillae with neutrophile infiltration are seen in bioptate, obtained preferably of perilesion‐
al skin of the affected buttocks [5,6].

2.2. ABD with autoimmunity to structural proteins

This large group consists of several distinct circles of diseases with autoimmunity to different
antigens – desmosomal, hemidesmosomal and others.

2.2.1. Anti-desmosomal autoimmunity circle / pemphigus group

Anti-desmosomal autoimmunity circle or pemphigus group refers to a group of chronic ABD
characterized by the presence of autoantibodies (IgG or/and IgA) binding desmosomal
structures and keratinocyte cell-surface antigens, leading to acantholysis and intraepithelial
blister formation. The main antigens for pemphigus circle are desmoglein 1 (DSG1) and
desmoglein 3 (DSG3), yet there are forms of pemphigus without anti-desmoglein immuniza‐
tion [7]. The commonest subcircle is characterized by IgG-mediated autoimmunity and is
composed of:

• pemphigus foliaceus (PF) circle (PF, endemic PF, sebaceous PF, and PF herpetiformis,
paraneoplastic pemphigus, drug-mediated PF showing PF-indicative autoantibody profile),

• pemphigus vulgaris (PV) circle (mucosal-dominant PV, mucocutaneous PV, pemphigus
vegetans, and paraneoplastic pemphigus, PV herpetiformis, drug-mediated PV showing
PV-indicative autoantibody profile),

• pemphigus as a part of multiorgan autoimmunity syndrome,

• pemphigus shifting inside one circle or between circles,

• PV/PF-coexistence cases,

• paraneoplastic pemphigus (PNP) with neither anti-DSG3 nor anti-DSG1 antibodies [1].

A model disease for pemphigus circle and the commonest clinical type of pemphigus is
PV. This life-threatening chronic/acute ABD affects the mucocutaneous surfaces significant‐
ly debilitating quality of  life  [5].  The onset  age is  40-60 years,  and incidence ca.  0.7 per
100,000 persons [5,8].  Blistering in PV appears at  suprabasal  level  as an effect  of  tissue-
bound and serum IgG-driven autoimmunity against keratinocyte cell-surface antigens of
aforelisted cadherin superfamily [9], with desmoglein 3 (DSG3) as the main autoantigen.
The disease starts initially affecting oral mucosa (50-70%), that may remain the only site
involved, yet extraoral lesions may occur simultaneously. Intraepithelial blisters evolve into
aching  erosions  and  ulcers.  Predilection  sites  include  face,  parietal  region  of  the  scalp,
sternal and interscapular regions of the trunk, intertriginous sites (umbilicus, interdigital
spaces, scrotum, inguinal and axillary folds), scars and skin appendages – nail apparatus,
hair  follicles [1]  and areas with transitional  epithelium, what could be explained by the
change of desmoglein expression pattern.
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Histologically, suprabasilar blistering may be observed, whereas direct immunofluorescence
study (DIF) of perilesional skin/mucosa depicts IgG (mainly IgG4) pemphigus-type deposits
of fishing net pattern in intercellular spaces of the lower epidermis [1]. With virtually no
invasiveness, direct immunofluorescence study on a plucked scalp hair (hDIF) may serve as a
good alternative for DIF, visualizing pemphigus IgG, IgG1 and IgG4 deposits in outer root
sheath of hair follicle even in patients without cutaneous lesions [10]. Still used, indirect
immunofluorescence (IIF) test for presence of pemphigus IgG circulating autoantibodies is
regarded historical method and is widely replaced with molecular studies e.g. ELISA, enabling
assessment in serum, saliva or blister fluid [11].

PF, the less common pemphigus circle condition, usually affects the skin of the face, scalp and
trunk, but may generalize. The disease is characterized by autoantibodies binding DSG1, that
participate in blister formation at superficial level (granular layer). Although blister is a
primary PF lesion, it is hardly ever seen, as it rapidly evolves into crust-covered erosions [1,5].
Interestingly, as main PV DSG3-antigen (130kDa) and PF DSG1-antigen (160kDa) differ, that
corresponds with different blistering subtype and clinical features [5].

Concerning association with malignancy, PNP resembles clinically and histologically features
of PV and erythema multiforme [5]. However, it differs in autoantibody profile. PNP autoan‐
tibodies may target simultaneously multiple antigens – desmoplakin I and II, BP230, peripla‐
kin, envoplakin, plectin, 170kDa protein, desmoglein 1 and 3, desmocolin familly, and many
yet unknown proteins. PNP-type intercellular deposits can be visualized in IIF on transitional
epithelium of rat bladder. Circulating autoantibodies affects not only mucocutaneus epitheli‐
um, but may bind organ-specific antigens of gastrointestinal tract or bronchioli – e.g. causing
non-reversible and life-threatening constrictive bronchiolitis. Although rare, PNP is charac‐
terized with very high mortality [12].

2.2.2. Subepidermal autoimmune blistering dermatoses

Subepidermal ABD circle consists of chronic bullous diseases with autoantibodies binding
mostly structural proteins forming DEJ:

• Bullous pemphigoid (BP) circle (urticarial BP, BP herpetiformis, sebaceous BP, erythroder‐
mic BP, BP vegetans, pretibial BP, prurigo-nodularis-like BP, trauma-induced BP, pemphi‐
goid gestationis (PG), lichen planus pemphigoides (LPP), lamina lucida-type linear IgA
bullous dermatosis),

• Mucous membrane pemphigoid (MMP)/cicatrical pemphigoid,

• Pemphigoid Brunsting-Perry,

• Epidermolysis bulosa acquisita (EBA) circle (EBA, bullous systemic lupus erythematosus,
sublamina densa-type linear IgA bullous dermatosis),

• Linear IgA bullous dermatosis (LABD) (non-EBA circle LABD, non-BP circle LABD),

• anti-laminin gamma1 pemphigoid (former anti-p200 pemphigoid) [1].
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BP circle, the commonest ABD, is characterized by heterogeneous clinical patterns. However,
it has common molecular feature – autoimmunity to extracellular, non-collagenous NC16A
domain of BP180 antigen (BPAG2, collagen XVII alpha1) [1,5,13] and less often BP230
(BPAG2e, protein belonging to plakin family) [1,5]. It begins as a moderate pruritus, papular
lesions or urticarial plaques developing in months into chronic bullous eruption characterized
by well-tense blisters containing either serous or sanguineus fluid. The localized/generalized
lesions may be oval or round, and rupture easily over time [5]. The arciform or serpiginous
pattern they present is sometimes described as string of beans or cluster of jewels. Diverse
symptoms are consequence of targeting different epitopes of these components of hemides‐
mosome adhesion complex. It affects often elderly people in their 60's-90's [1,5] with incidence
of ca. 4.3 per 100,000 persons [8].

2.2.3. Other, vaguely characterized, autoimmune blistering diseases

There are also other autoimmune blistering diseases e.g. ABD with autoimmunization to
IQGAP1 protein, erythema multiforme with anti-desmoplakin 1 and anti-desmoplakin 2
antibodies, linear IgM gestationis dermatosis, linear IgM dermatosis with IgM gammapathy
and others that cannot be fitted into above categories, yet these are isolated cases with
unknown relation to malignancy.

2.3. Malignancies associated with ABD

The issue of association of malignancy and ABD causes much controversy among research‐
ers.  WHO reports  from 2008  indicated,  that  the  13% of  death  worldwide  is  caused  by
cancer,  being  the  major  cause  of  death  with  toll  of  7.6  million  people  per  year  [14].
Neoplasms are heterogeneous group of entities characterized by rapid creation of abnor‐
mal cells that grow beyond their usual boundaries, and which can then invade adjoining
parts of the body and spread to other organs [14].  The leading malignancies worldwide
are lung, breast, colon, stomach and prostate cancers [15]. Several malignant tumors were
reported  in  association  with  ADB,  including  lymphoproliferative  disorders  (Castleman's
tumor,  non-Hodgkin's  lymphoma,  chronic  lymphocytic  leukemia),  lung,  gastrointestinal,
prostate,  ovarian,  endometrial,  breast,  bladder,  renal,  laryngeal,  pancreatic  cancers,
thymoma and follicular dendritic cell sarcoma [16–22].

As ABD are relatively rare/regarded as rare conditions, there is limited data covering the
association with other diseases. Japanese retrospective study on malignancy in patients
suffering from pemphigus and pemphigoid observed incidence of 5.0% and 5.8% respectively
[17], whereas lesser studies set these numbers as 11.2% and 10.4% [16]. The association ratio
of malignancy with pemphigus increases by age, while no such correlation is found in
pemphigoid. No gender-predisposition in ABD was reported in these patients [16]. Interest‐
ingly, lung cancer was most common in pemphigus and gastrointestinal tumors (gastric cancer
in particular) in bullous pemphigoid [17]. Moreover, age-dependent malignancy-association
in PV patients under (6.5%) and above 60 years (15%) should not be omitted [16]. Studies on
BP and malignancy did not reveal age-correspondence [23].
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As far as anti-enzyme ABD is concerned, association of DH with subsequent development of
lymphoma seems well-documented [18,24,25]. It is possible that gluten intolerance is the factor
associated with malignancies. Some data suggested, that following a strict gluten-free diet is
protective against malignancy [26]. Moreover, researchers postulate that the risk of malignancy
decreases with time from diagnosis of gluten-sensitive enteropathy to nearly the same as
occurs in the general population. In light of above, it is postulated that the increased risk of
malignancy in patients with DH may be the result of a polyclonal stimulation of lymphocytes
by gluten that causes transformation into a malignant clone [18]. Still, in our over 20 years of
clinical/laboratory experience as a clinician/clinical researchers we do not recall a DH-
associated lymphoma patient.

There is a wide group of malignancies concomitant with ADB. Lung cancer has been reported
in coexistence with wide range of ABD: PV [17,27,28], PNP [29], pemphigus vegetans [30,31],
pemphigus herpetiformis [32], IgA pemphigus [33], BP [34] and MMP [35]. In some BP cases,
tumor resection led to complete recovery [36] supporting the thesis of close interrelation of the
diseases. Gastrointestinal tumors have been reported in association with BP [17,37], PNP [38],
pemphigus vegetans [39], PV [40–45] and MMP [46] sometimes with post-excisional remission
[47,48]. Both chronic leukemia and lymphoma have been reported with DH [49–51] and PNP
[52–54]. Based on few case reports, MMP [55–57] is not rare finding in leukemia. There has
been only one case of BP reported in patient with leukemia [58]. Thymoma and PV appears in
numerable patients [43] with post-excisional remissions not uncommon [59]. Among reported
thymoma-related ABD, there are also cases of PF [60,61], BP [62] and MMP [63]. Malignant
tumor of the pancreas seem to be generally connected to MMP [64,65] and sometimes PNP [66].
Renal neoplasm has been reported to occur in with BP [67–70] and occasionally with MMP [71],
PNP [72] and PF [73]. Ovarian cancer was incidentally described in relation with BP [74], anti-
laminin gamma1 pemphigoid [75] and MMP [76]. Concerning prostatic cancer, single cases of
PNP [77], pemphigus herpetiformis [78], PF [79] and MMP [80] were described in literature.
There are numerous case reports on ABD and breast cancer including predominantly BP
[20,81–85] and PV [86,87] with well-documented BP-lesion induction with radiotherapy.

3. Endogenous factors leading to breakage of self-tolerance in malignancy

Endogenous factors seem to be crucial for development of autoimmunity, as they form the
organism reaction to external threat.

3.1. Development of paraneoplastic immunity

The autoimmunity in cancer is developed by distortion of immune system, arising from central
tolerance disruption, peripheral immunity rearrangement and altering of self-antigens.
Cancer-associated impairment of the function of immune system may take place at many
stages. Rearrangement of T-cell receptor (TCR) genes proceeding in thymus cortex promotes
T-cell education to recognize major histocompatibility complex (MHC) molecules of self-cells.
It is a necessary condition for a T-cell to pass the positive selection process. The negative
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selection, being the following stage, is conducted in thymus medulla, where T-cells are exposed
to plethora of tissue specific self-antigens (TSAs) by medullary thymic epithelial cells. Self-
antigens presented to T-cells are previously processed, thus some T-cells expressing TCR with
high affinity to poorly presented antigens may evade negative selection achieving maturation
[88]. The process is controlled by autoimmune regulator (AIRE) transcription factor [89].
Autoaggressive thymocytes are being terminated in apoptosis. Impairment of any of these
stages – positive selection, negative selection, antigen processing, antigen presentation by
malignancy, might have impact on T-cell set and scope of activity in periphery. Thymoma is
the most common neoplasm of thymus, outrunning lymphomas, germ cell tumor, thymic
carcinoma, carcinoid tumors and others [90]. One of the syndromes in relation to thymoma is
paraneoplastic pemphigus, where diverse autoantibodies target diverse structural autoanti‐
gens. While pemphigus vulgaris (PV) and paraneoplastic (PNP) pemphigus may both target
the same antigen, the difference is within the range of them and difference in epitopes bound
(e.g. mucocutaneus PV preferably targets DSG3 N-terminal determinant, while PNP binds
multiple epitopes). Another distinctive feature is IgG subclass – predominant PV IgG autoan‐
tibody subclass is IgG4, while in PNP – subclass is IgG1 and IgG2 [1].

Some authors hypothesized that tumor cells alone may produce the autoantibodies [91,92].
The thesis of in-tumor immature T-cell improper maturation, without negative selection,
leading to autoaggression may be supported by findings in patient with follicular dendritic
cell sarcoma [93]. Malignancy is based on breakage of cell cycle guarding and dysregulation
of gene expression resulting in over- or underexpression of proteins. Via gene mutation, the
neoplastic cell changes the antigen suit, by exposing altered self-antigens or “hiding” those
already known. The reaction of immune system to cancer growth is immune cells recruitment
(T-cells, NK cells, mast cells) and inflammation by various mediators causing apoptosis of both
neoplastic and non-neoplastic cells. One T-cell can recognize many antigens presented by
different MHC molecules. The condition of recognition is the compatibility of antigen fragment
with lymphocyte TCR. Along with antigen sequestration theory, the determinants of cell
proteins released in tumor necrosis can be exposed by antigen presenting cells to matured T-
cells that migrate to lymph nodes. B-cells in response start to produce polyclonal antibodies
against novel tumor epitopes. However, T-cells may also react with cancer antigens starting
the chain of events leading to production of certain antibody cross-binding both neoplastic
antigens and self-antigens [90].

The role of immune system protection against malignancy can be exemplified by noticeable
higher cancer incidence in patients given immunosuppressive drugs impairing self/foreign-
antigens recognition. Hence hypothetically, the distortion in immune system function in ABD
may contribute to further susceptibility to the development of malignancy. Naive T-cell
activation in the periphery alone is thought to be insufficient for autoimmunity induction and
co-stimulation by CD28, a co-stimulatory molecule activating T-cells, seem to be necessary [94].
CD28 is able to bind CD80 molecule and CD86 molecule, constitutionally expressed on B-cells,
subsequently enhancing IgG antibody production [95]. CD80 molecule appear also scantly on
other antigen-presenting cells (APC – primarily B-cells, macrophages and dendritic cells) and
is upregulated after APC activation. Active APC present CD40, a ligand for CD40L expressed
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The autoimmunity in cancer is developed by distortion of immune system, arising from central
tolerance disruption, peripheral immunity rearrangement and altering of self-antigens.
Cancer-associated impairment of the function of immune system may take place at many
stages. Rearrangement of T-cell receptor (TCR) genes proceeding in thymus cortex promotes
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antigens presented to T-cells are previously processed, thus some T-cells expressing TCR with
high affinity to poorly presented antigens may evade negative selection achieving maturation
[88]. The process is controlled by autoimmune regulator (AIRE) transcription factor [89].
Autoaggressive thymocytes are being terminated in apoptosis. Impairment of any of these
stages – positive selection, negative selection, antigen processing, antigen presentation by
malignancy, might have impact on T-cell set and scope of activity in periphery. Thymoma is
the most common neoplasm of thymus, outrunning lymphomas, germ cell tumor, thymic
carcinoma, carcinoid tumors and others [90]. One of the syndromes in relation to thymoma is
paraneoplastic pemphigus, where diverse autoantibodies target diverse structural autoanti‐
gens. While pemphigus vulgaris (PV) and paraneoplastic (PNP) pemphigus may both target
the same antigen, the difference is within the range of them and difference in epitopes bound
(e.g. mucocutaneus PV preferably targets DSG3 N-terminal determinant, while PNP binds
multiple epitopes). Another distinctive feature is IgG subclass – predominant PV IgG autoan‐
tibody subclass is IgG4, while in PNP – subclass is IgG1 and IgG2 [1].

Some authors hypothesized that tumor cells alone may produce the autoantibodies [91,92].
The thesis of in-tumor immature T-cell improper maturation, without negative selection,
leading to autoaggression may be supported by findings in patient with follicular dendritic
cell sarcoma [93]. Malignancy is based on breakage of cell cycle guarding and dysregulation
of gene expression resulting in over- or underexpression of proteins. Via gene mutation, the
neoplastic cell changes the antigen suit, by exposing altered self-antigens or “hiding” those
already known. The reaction of immune system to cancer growth is immune cells recruitment
(T-cells, NK cells, mast cells) and inflammation by various mediators causing apoptosis of both
neoplastic and non-neoplastic cells. One T-cell can recognize many antigens presented by
different MHC molecules. The condition of recognition is the compatibility of antigen fragment
with lymphocyte TCR. Along with antigen sequestration theory, the determinants of cell
proteins released in tumor necrosis can be exposed by antigen presenting cells to matured T-
cells that migrate to lymph nodes. B-cells in response start to produce polyclonal antibodies
against novel tumor epitopes. However, T-cells may also react with cancer antigens starting
the chain of events leading to production of certain antibody cross-binding both neoplastic
antigens and self-antigens [90].

The role of immune system protection against malignancy can be exemplified by noticeable
higher cancer incidence in patients given immunosuppressive drugs impairing self/foreign-
antigens recognition. Hence hypothetically, the distortion in immune system function in ABD
may contribute to further susceptibility to the development of malignancy. Naive T-cell
activation in the periphery alone is thought to be insufficient for autoimmunity induction and
co-stimulation by CD28, a co-stimulatory molecule activating T-cells, seem to be necessary [94].
CD28 is able to bind CD80 molecule and CD86 molecule, constitutionally expressed on B-cells,
subsequently enhancing IgG antibody production [95]. CD80 molecule appear also scantly on
other antigen-presenting cells (APC – primarily B-cells, macrophages and dendritic cells) and
is upregulated after APC activation. Active APC present CD40, a ligand for CD40L expressed
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on active T helper cells. Ligation of CD40 on APC cells leads to increase co-stimulatory capacity
and antigen presentation ability enhancement. It is worth noticing that, CD80/CD86 is also
expressed on cells of diverse lymphomas (e.g. non-Hodgkin lymphoma and chronic lyphocytic
leukemia), that can act on behalf of APC, evading being recognized by the immune system. It
was suggested that T-cells may omit the “APC guarding stations” in lymph nodes and directly
infiltrate the tumor. Thus, the tumor itself may act as a "T-cell kidnapper" and support naive
T-cell infiltration, activation and differentiation into effector cells [96], hypothetically pro‐
gramming or "indoctrinating" T-cells to achieve autoimmune potential. Moreover, the study
based on collective incubation of non-malignant regulatory and cytotoxic T-cells with chronic
lymphocytic leukemia cells showed non-malignant T-cells cytoskeleton remodeling decrease
and vesicle trafficking decrease resulting in impaired synapse formation [97,98].

Fc receptors (FcRs) play essential role in the activation/inhibition of various cells in antibody-
mediated immune responses. Thus, FcRs function may be a key purpose in the treatment with
monoclonal antibodies (mAbs) therapy. Probably, FcRs may be a molecular link between ABD
and malignancies [99,100]. FcRs-targeting therapies are used for ABD and cancer, e.g. rituxi‐
mab, which is used in ABD and is the first anti-tumor mAb drug admitted by the US Food and
Drug Administration. It was demonstrated that Fc-receptor-dependent mechanisms contrib‐
ute substantially to the action of cytotoxic antibodies against tumors and indicated that an
optimal antibody against tumors would bind preferentially to activation Fc receptors and
minimally to the inhibitory partner FcγRIIB [101]. Interestingly, rituximab – the chimeric
monoclonal IgG1antibody specific for the B-cell marker CD20 – was recently approved for the
treatment of B-cell lymphoma. In vitro studies with rituximab have indicated that a direct pro-
apoptotic activity may be associated with this antibody [102].

3.2. Genetic predisposition

There seems to be a causative relation between HLA-association and autoimmunity in ABD,
especially in pemphigus [103–109] and pemphigoid [110], yet these observations may vary
geographically. HLA-DQB1*0301 allele, associated with MMP [111–114], was reported in
patients with esophageal squamous cell carcinoma [113], gastric cancer [115], HPV-associated
cervical neoplasia [116]. It was hypothesized, that the gene may have a role in T-cell recognition
of basement membrane antigens resulting in production of IgG autoantibodies binding
basement membrane antigens [117]. It is also possible, that the link exists between certain
malignancies and HLA or autoimmunity predisposition connected to defective apoptotic
genes. Nonetheless, there are few studies covering that field, so coexistence may also be purely
coincidental.

3.3. The role of cytokines

There is eventuality of oversecretion of certain cytokines regulating the mRNA expression and
polarization of certain T helper (Th) cell population [118,119], as the most common neoplasms
in relation to ABD seem to be lymphoproliferative malignancies. It has been reported that
qualitative as well as quantitative alterations in cytokine production can result in activation of
inefficacious effector mechanisms and therefore, complex and severe impairment in immune
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functions [119]. Polarization to Th1-mediated immunity via IL-1, IL-4, IL-5, IL-6, IL-8 and IFN-
gamma was observed in BP [120], while Th2-mediated reaction via IL-10 and IL-4, in conjunc‐
tion with decrease in IL-2 and IFN-gamma levels, were shown in PV [119]. The cytokines that
promote cancer growth (e.g IL-8 for colon and gastric cancer) [121,122] may collaterally initiate
Th population shift to the profile promoting ABD. Likewise, a proliferation inducing ligand
(APRIL) of TNF family plays an important role in several autoimmune diseases, including
ABD, and in several malignancies. Soluble APRIL level was reported to be raised in e.g. lung,
thyroid, lymphoid and gastrointestinal tumors [123,124], thus supposedly contribute to
dysregulation of immunity in cancer. B-cell activating factor (BAFF/BLyS), belonging to TNF
family, regulates B-lymphocyte proliferation and survival, also in B-cell lymphoproliferative
disorders [125]. Interestingly, serum of BP-, but not PV-patients, showed high titers of BAFF
[126]. It seems rational, that molecular mechanisms leading to increase of BAFF level in BP
patients may favor pathological lymphoproliferation.

3.4. Sex hormones

As some entities of ABD have sex-predisposition, just as some malignancies, the role of sex
hormones on development of MAABD need to be investigated. Certain tumors prevail in
female (breast cancer, non-Hodgkin lymphoma), in man (gastrointestinal tumor, laryngeal
cancer, Hodgkin lymphoma or kidney cancer) or are typical for one sex for anatomical reasons
(prostate cancer, ovarian cancer) [15]. Sex-associated distribution of PV and BP seems equal
with slight female dominance, while other ABD promote males (DH – 2:1) or are exquisitely
female domain (PG) [5,127]. Both T and B cells have estrogen, testosterone and prolactin
receptors. Furthermore, androgens and estrogens have an impact on the Th1/Th2 balance [128].
Therefore, menopause may be followed by change in cytokine profile affecting immune
response. Interestingly, studies on endocrine hormones in PV- and BP-patients have revealed
increased serum levels of both adrenocorticotropic hormone (ACTH) and hydrocortisone
[129]. It was hypothesized, that slight female predominance of women in PV may be contrib‐
uted to hormone replacement therapy (HRT) [130]. HRT is known risk factor for ovarian
cancer, yet the impact on neoplasm induction in breast cancer and endometrial cancer is
uncertain [131].

4. Exogenous factors: Epitope spreading and bystander effect

Multiple exogenous factors of diverse origin may contribute to trigger MAABD, e.g. drug-
induction of malignancy in ABD patients and, contrarily, self-antigen drug/virus/bacteria-
induced alteration. Drug-induced immunosuppression in ABD (e.g. with methotrexate) was
considered a prospective triggering factor for lymphoproliferative disorders [132]. Viral/
microbial factors could serve both as a trigger for autoimmunity and risk factor for malignancy.
It was hypothesized, that foreign antigens (e.g. viral, fungal, bacterial) may act as a superan‐
tigen in ABD induction or take part in epitope spreading phenomenon [133,134]. HBV, HCV,
H. pylori, T. gondii and CMV were reported to contribute to elicit ABD [135]. Viral infection
(TTV, HSV2, HHV6, HHV8, HSV1, HSV2, EBV, HBV, HIV-1, Coxsackie virus) [136–143] has
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gramming or "indoctrinating" T-cells to achieve autoimmune potential. Moreover, the study
based on collective incubation of non-malignant regulatory and cytotoxic T-cells with chronic
lymphocytic leukemia cells showed non-malignant T-cells cytoskeleton remodeling decrease
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Fc receptors (FcRs) play essential role in the activation/inhibition of various cells in antibody-
mediated immune responses. Thus, FcRs function may be a key purpose in the treatment with
monoclonal antibodies (mAbs) therapy. Probably, FcRs may be a molecular link between ABD
and malignancies [99,100]. FcRs-targeting therapies are used for ABD and cancer, e.g. rituxi‐
mab, which is used in ABD and is the first anti-tumor mAb drug admitted by the US Food and
Drug Administration. It was demonstrated that Fc-receptor-dependent mechanisms contrib‐
ute substantially to the action of cytotoxic antibodies against tumors and indicated that an
optimal antibody against tumors would bind preferentially to activation Fc receptors and
minimally to the inhibitory partner FcγRIIB [101]. Interestingly, rituximab – the chimeric
monoclonal IgG1antibody specific for the B-cell marker CD20 – was recently approved for the
treatment of B-cell lymphoma. In vitro studies with rituximab have indicated that a direct pro-
apoptotic activity may be associated with this antibody [102].

3.2. Genetic predisposition

There seems to be a causative relation between HLA-association and autoimmunity in ABD,
especially in pemphigus [103–109] and pemphigoid [110], yet these observations may vary
geographically. HLA-DQB1*0301 allele, associated with MMP [111–114], was reported in
patients with esophageal squamous cell carcinoma [113], gastric cancer [115], HPV-associated
cervical neoplasia [116]. It was hypothesized, that the gene may have a role in T-cell recognition
of basement membrane antigens resulting in production of IgG autoantibodies binding
basement membrane antigens [117]. It is also possible, that the link exists between certain
malignancies and HLA or autoimmunity predisposition connected to defective apoptotic
genes. Nonetheless, there are few studies covering that field, so coexistence may also be purely
coincidental.

3.3. The role of cytokines

There is eventuality of oversecretion of certain cytokines regulating the mRNA expression and
polarization of certain T helper (Th) cell population [118,119], as the most common neoplasms
in relation to ABD seem to be lymphoproliferative malignancies. It has been reported that
qualitative as well as quantitative alterations in cytokine production can result in activation of
inefficacious effector mechanisms and therefore, complex and severe impairment in immune
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tion with decrease in IL-2 and IFN-gamma levels, were shown in PV [119]. The cytokines that
promote cancer growth (e.g IL-8 for colon and gastric cancer) [121,122] may collaterally initiate
Th population shift to the profile promoting ABD. Likewise, a proliferation inducing ligand
(APRIL) of TNF family plays an important role in several autoimmune diseases, including
ABD, and in several malignancies. Soluble APRIL level was reported to be raised in e.g. lung,
thyroid, lymphoid and gastrointestinal tumors [123,124], thus supposedly contribute to
dysregulation of immunity in cancer. B-cell activating factor (BAFF/BLyS), belonging to TNF
family, regulates B-lymphocyte proliferation and survival, also in B-cell lymphoproliferative
disorders [125]. Interestingly, serum of BP-, but not PV-patients, showed high titers of BAFF
[126]. It seems rational, that molecular mechanisms leading to increase of BAFF level in BP
patients may favor pathological lymphoproliferation.
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As some entities of ABD have sex-predisposition, just as some malignancies, the role of sex
hormones on development of MAABD need to be investigated. Certain tumors prevail in
female (breast cancer, non-Hodgkin lymphoma), in man (gastrointestinal tumor, laryngeal
cancer, Hodgkin lymphoma or kidney cancer) or are typical for one sex for anatomical reasons
(prostate cancer, ovarian cancer) [15]. Sex-associated distribution of PV and BP seems equal
with slight female dominance, while other ABD promote males (DH – 2:1) or are exquisitely
female domain (PG) [5,127]. Both T and B cells have estrogen, testosterone and prolactin
receptors. Furthermore, androgens and estrogens have an impact on the Th1/Th2 balance [128].
Therefore, menopause may be followed by change in cytokine profile affecting immune
response. Interestingly, studies on endocrine hormones in PV- and BP-patients have revealed
increased serum levels of both adrenocorticotropic hormone (ACTH) and hydrocortisone
[129]. It was hypothesized, that slight female predominance of women in PV may be contrib‐
uted to hormone replacement therapy (HRT) [130]. HRT is known risk factor for ovarian
cancer, yet the impact on neoplasm induction in breast cancer and endometrial cancer is
uncertain [131].

4. Exogenous factors: Epitope spreading and bystander effect

Multiple exogenous factors of diverse origin may contribute to trigger MAABD, e.g. drug-
induction of malignancy in ABD patients and, contrarily, self-antigen drug/virus/bacteria-
induced alteration. Drug-induced immunosuppression in ABD (e.g. with methotrexate) was
considered a prospective triggering factor for lymphoproliferative disorders [132]. Viral/
microbial factors could serve both as a trigger for autoimmunity and risk factor for malignancy.
It was hypothesized, that foreign antigens (e.g. viral, fungal, bacterial) may act as a superan‐
tigen in ABD induction or take part in epitope spreading phenomenon [133,134]. HBV, HCV,
H. pylori, T. gondii and CMV were reported to contribute to elicit ABD [135]. Viral infection
(TTV, HSV2, HHV6, HHV8, HSV1, HSV2, EBV, HBV, HIV-1, Coxsackie virus) [136–143] has
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been put forward as a causative agent of ABD-type autoimmunity in PV, PF, BP and pemphi‐
gus vegetans. There has been multiple factors suspected of prostatic cancerogenesis, including
viruses (BK, HSV2, HSV6, HSV11, HSV16, HSV18, HSV31, HSV33, HHV8, XMRV, CMV) and
microbial agents (Chlamydia trachomatis, Mycoplasma hominis, Ureaplasma urealyticum,
Neisseria gonorrhoeae and Treponema pallidum), yet data was inconclusive or supported no
relation [144–151]. Surprisingly, Epstein-Barr virus infection has been found statistically
associated with increased breast carcinoma risk [152]. It was speculated that the virus itself
may play a role in ABD induction [153,154]. The data covering the issue of exogenous factors
contributing to both malignancy and ABD is yet generally inconclusive.

Constant activation of immune system in ABD sustains chronic inflammation leading to tissue
degeneration by proinflammatory molecules. As a result, the risk of the neoplasy increases [3].
However, that relation could be two-sided. Inflammation in tumor nest stimulates and
modifies the immunity mechanisms. Furthermore, there is a hypothesis that the multiplicity
of target antigens in ABD may result from intra- and intermolecular epitope spreading. The
effect of epitope spreading in ABD is well-known fact and it seems to be a constitutional
compound of autoimmunity. Structural similarities between autoantigen epitope and to-be-
autoantigen epitope may lead to production of autoaggresive cross-reacting immunoglobulins
[9,155]. This phenomenon, which represents a broadening of the immune response from a
single epitope to additional epitopes, is also described in cancer and recent findings suggests
that epitope spreading may be a more significant predictor of effective immunity [156].

The initial anti-cancer immunity may ricochet to autoaggresion by epitope spreading and
bystander effect alike [157]. Local inflammation in the course of malignant tumor or chemo‐
therapy/radiotherapy treatment may result in enhanced autoantigen presentation that causes
T-cell priming, activation and expansion of additional specificity [158]. Therefore, in situations
where immunosuppressive/anti-cancer treatment is absent or ceased, anti-cancer response
may be responsible for development of autoimmunity to self-antigens characteristic for ABD.

5. Molecular mechanisms: The possible connection between malignancies
and ABD

ABD are characterized by autoantibodies against structural proteins of the skin, including
molecules of dermal-epidermal junction and desmosomes. Cancer progression is a complex
and multi-step process in which components of DEJ as well as a desmosomal molecules play
a pivotal role in the development of metastasis. Probably, more than 90% of human cancers
are of epithelial origin [159] and the autoimmunity against epidermal structures may play
important role in those carcinogenesis. Thus, probably DEJ/desmosomes is the first barrier in
tumor cells invasion. In light of this, understanding the molecular basis of pathological
autoinflammation induction in autoimmune blistering dermatoses in relation to the mecha‐
nisms of malignant transformation is paramount for early detection and treatment of epithe‐
lial-derived cancers [160]. However, the precise molecular mechanisms underlying the
association of malignancy with ABD still remain unknown. Nevertheless, understanding the
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link between the production of pathogenic autoantibodies in ABD and the development of the
associated neoplasy should facilitate the development of more specific diagnostic tests and
therapeutic strategies [160].

5.1. Malignancy in relation to the autoimmunity in pemphigus group: The role of
desmosomes components

Pemphigus group is characterized by presence of autoantibodies against desmosomal
cadherins. Research on human and animal models indicated that alternation in desmosomes
components may lead to tumor progression and metastasis. However, little is known about
the role of desmosome during cancer development [161]. It is clear, that the origin and
maintenance of epidermis requires the coordinated regulation of proliferation, adhesion,
migration and differentiation. Conceptually, desmosome complexes form when desmosomal
cadherins – DCs (desmogleins – DSGs and desmocollins – DSCs) participate in heterotypic
interactions that bring the plasma membranes of adjacent cells in close apposition [161]. The
cytoplasmic tails of these cadherins interact with plakoglobin and plakophilins.

The data describing desmosome protein expression during human cancer progression are
conflicting [161–163]. Molecular abnormalities of desmosomal proteins (DPs) are observed in
ABD and epithelial malignancies. However, in malignancy, where cells may separate, detach
and metastasize, it is possible that alterations in DPs expression may be the reason of carcino‐
genesis process. Several studies demonstrated that downregulation of DCs occurs during the
progression of cancers and is often correlated with and predictive of tumor metastasis
[161,162]. On the other hand, other studies reported overexpression of DCs during the cancer
progression, and this pattern is associated with poor prognosis [163]. The regulatory mecha‐
nism controlling DCs expression are scanty explained. As known, gene expression may be
modulated by genetic and/or epigenetic mechanisms and in this way may contribute to the
development of pathologic autoimmunity or malignancies. Genetic changes as mutation,
deletion, and gene rearrangement of DCs have been poorly found in cancer and ABD. Possible
mechanism may also involve post-translational modification of protein, like phosphorylation,
acetylation or methylation. In light of this, some data reported methylation of DCs, e.g.
methylation of DSC3 in breast cancer. It was showed, that DSC3 is downregulated in colorectal
cancer by DNA methylation [164]. Thus, further analysis of methylation status of DCs DNA
may be useful to predict clinical outcomes in patients with malignancy.

Alternatively, the possible link between desmosomal components and malignancy may be the
Perp protein. The Perp tetraspan membrane protein was originally identified as a transcrip‐
tional target of the p53 tumor suppressor upregulated during apoptosis [161,165]. However,
Perp may have function as a target of the p53-related transcription factor (p63) involved in
maintaining epithelial integrity by promoting desmosomal cell-cell adhesion. Electron
microscopy and biochemical analyses showed that the blistering phenotype observed in the
Perp-deficient epithelia is accounted for by both a reduction in desmosome number and
compromised desmosome complex formation. It is suggested, that pemphigus autoantibodies
may trigger internalization of Perp, which enhances adhesion defects [166]. Perp’s position
downstream of p63 and p53, as well as its essential role in normal desmosome function, suggest
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viruses (BK, HSV2, HSV6, HSV11, HSV16, HSV18, HSV31, HSV33, HHV8, XMRV, CMV) and
microbial agents (Chlamydia trachomatis, Mycoplasma hominis, Ureaplasma urealyticum,
Neisseria gonorrhoeae and Treponema pallidum), yet data was inconclusive or supported no
relation [144–151]. Surprisingly, Epstein-Barr virus infection has been found statistically
associated with increased breast carcinoma risk [152]. It was speculated that the virus itself
may play a role in ABD induction [153,154]. The data covering the issue of exogenous factors
contributing to both malignancy and ABD is yet generally inconclusive.

Constant activation of immune system in ABD sustains chronic inflammation leading to tissue
degeneration by proinflammatory molecules. As a result, the risk of the neoplasy increases [3].
However, that relation could be two-sided. Inflammation in tumor nest stimulates and
modifies the immunity mechanisms. Furthermore, there is a hypothesis that the multiplicity
of target antigens in ABD may result from intra- and intermolecular epitope spreading. The
effect of epitope spreading in ABD is well-known fact and it seems to be a constitutional
compound of autoimmunity. Structural similarities between autoantigen epitope and to-be-
autoantigen epitope may lead to production of autoaggresive cross-reacting immunoglobulins
[9,155]. This phenomenon, which represents a broadening of the immune response from a
single epitope to additional epitopes, is also described in cancer and recent findings suggests
that epitope spreading may be a more significant predictor of effective immunity [156].

The initial anti-cancer immunity may ricochet to autoaggresion by epitope spreading and
bystander effect alike [157]. Local inflammation in the course of malignant tumor or chemo‐
therapy/radiotherapy treatment may result in enhanced autoantigen presentation that causes
T-cell priming, activation and expansion of additional specificity [158]. Therefore, in situations
where immunosuppressive/anti-cancer treatment is absent or ceased, anti-cancer response
may be responsible for development of autoimmunity to self-antigens characteristic for ABD.

5. Molecular mechanisms: The possible connection between malignancies
and ABD

ABD are characterized by autoantibodies against structural proteins of the skin, including
molecules of dermal-epidermal junction and desmosomes. Cancer progression is a complex
and multi-step process in which components of DEJ as well as a desmosomal molecules play
a pivotal role in the development of metastasis. Probably, more than 90% of human cancers
are of epithelial origin [159] and the autoimmunity against epidermal structures may play
important role in those carcinogenesis. Thus, probably DEJ/desmosomes is the first barrier in
tumor cells invasion. In light of this, understanding the molecular basis of pathological
autoinflammation induction in autoimmune blistering dermatoses in relation to the mecha‐
nisms of malignant transformation is paramount for early detection and treatment of epithe‐
lial-derived cancers [160]. However, the precise molecular mechanisms underlying the
association of malignancy with ABD still remain unknown. Nevertheless, understanding the
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link between the production of pathogenic autoantibodies in ABD and the development of the
associated neoplasy should facilitate the development of more specific diagnostic tests and
therapeutic strategies [160].

5.1. Malignancy in relation to the autoimmunity in pemphigus group: The role of
desmosomes components

Pemphigus group is characterized by presence of autoantibodies against desmosomal
cadherins. Research on human and animal models indicated that alternation in desmosomes
components may lead to tumor progression and metastasis. However, little is known about
the role of desmosome during cancer development [161]. It is clear, that the origin and
maintenance of epidermis requires the coordinated regulation of proliferation, adhesion,
migration and differentiation. Conceptually, desmosome complexes form when desmosomal
cadherins – DCs (desmogleins – DSGs and desmocollins – DSCs) participate in heterotypic
interactions that bring the plasma membranes of adjacent cells in close apposition [161]. The
cytoplasmic tails of these cadherins interact with plakoglobin and plakophilins.

The data describing desmosome protein expression during human cancer progression are
conflicting [161–163]. Molecular abnormalities of desmosomal proteins (DPs) are observed in
ABD and epithelial malignancies. However, in malignancy, where cells may separate, detach
and metastasize, it is possible that alterations in DPs expression may be the reason of carcino‐
genesis process. Several studies demonstrated that downregulation of DCs occurs during the
progression of cancers and is often correlated with and predictive of tumor metastasis
[161,162]. On the other hand, other studies reported overexpression of DCs during the cancer
progression, and this pattern is associated with poor prognosis [163]. The regulatory mecha‐
nism controlling DCs expression are scanty explained. As known, gene expression may be
modulated by genetic and/or epigenetic mechanisms and in this way may contribute to the
development of pathologic autoimmunity or malignancies. Genetic changes as mutation,
deletion, and gene rearrangement of DCs have been poorly found in cancer and ABD. Possible
mechanism may also involve post-translational modification of protein, like phosphorylation,
acetylation or methylation. In light of this, some data reported methylation of DCs, e.g.
methylation of DSC3 in breast cancer. It was showed, that DSC3 is downregulated in colorectal
cancer by DNA methylation [164]. Thus, further analysis of methylation status of DCs DNA
may be useful to predict clinical outcomes in patients with malignancy.

Alternatively, the possible link between desmosomal components and malignancy may be the
Perp protein. The Perp tetraspan membrane protein was originally identified as a transcrip‐
tional target of the p53 tumor suppressor upregulated during apoptosis [161,165]. However,
Perp may have function as a target of the p53-related transcription factor (p63) involved in
maintaining epithelial integrity by promoting desmosomal cell-cell adhesion. Electron
microscopy and biochemical analyses showed that the blistering phenotype observed in the
Perp-deficient epithelia is accounted for by both a reduction in desmosome number and
compromised desmosome complex formation. It is suggested, that pemphigus autoantibodies
may trigger internalization of Perp, which enhances adhesion defects [166]. Perp’s position
downstream of p63 and p53, as well as its essential role in normal desmosome function, suggest
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that it may be a target for mutation in human blistering diseases or cancer [167]. An interesting
issue remains why a p53 target would play such a prominent role in adhesion in the skin. It
was suggested [167], that this role relates to Perp being a key component of the transcriptional
program for stratified epithelial development and maintenance specified by the p53 family
member p63. Perp is a transcriptional target of p63 during development and in mature mouse
skin [168]. Beyond a role in epithelial function, Perp’s status as a p53 target involved in
apoptosis may suggest a potential role as a tumor suppressor. Given that loss of both p53 and
p63 cooperate in tumorigenesis, loss of Perp similarly may be expected to promote cancer
development in some context. The future analysis of Perp will provide new insight into the
role of desmosomes in epithelial homeostasis and cancer [167]. It was disputed, that Perp-
deficiency promotes cancer by enhancing cell survival, desmosome loss and inflammation,
and fundamental role for Perp and desmosomes in tumor suppression [161]. Interestingly, it
seems that DSC3 is a p53 response gene and addition of wild-type p53 was found to be
sufficient to induce expression of DSC3 in breast cancer [169]. Thus, it was of great interest to
investigate whether this pathway is also active in tumor cells. In light of above, the induction
of p53 may have impact on expression of DCs [164].

Malignancy may be also associated with pemphigus group via pemphigus-antibodies-induced
signaling pathways. Thus, cadherins expression can function as a tumor and invasion
suppressor due to its participation in processes such as morphological differentiation and
contact inhibition of growth and motility. Several different molecular mechanisms for
perturbation of cadherin function in epithelial tumors are reported: (i) transcriptional or
genomic regulation of cadherin expression, (ii) mutations (e.g. deletion, insertion) of cadherin
or catenin genes and (iii) regulation of adhesive function by signaling pathways. A signaling
cascade initiated by pemphigus vulgaris antibodies may results in reduced availability of
plakoglobin and abrogation of its function as transcriptional repressor of the proto-oncogene
c-Myc. This in turn results in accumulation of c-Myc. Moreover, c-Myc expression is commonly
upregulated in tumors. There is also evidence, that etiology of some skin cancer (e.g. BCC)
may be dependent on several signaling pathways [170], which can be shared with pathological
autoimmunity induction in pemphigus group. Other signaling pathways may engagement of
Src, Wnt, hedgehog, epidermal growth factor receptor (EGFR) kinase (EGFRK), cAMP, protein
kinases A and C (PKC), phospholipase C, mTOR, p38 MAPK, JNK [166]. Especially, it is
postulated that DSG3 is a key player in Src signaling and overexpression of DSG3 elicited a
phenotype similar to this with increased Src activity. Interestingly, this phenotype may be
observed in some kind of cancers (e.g. SCC) [171]. Moreover, it is estimated that 35% of cancers
show increased MAPK activity [172]. On the other hand, MAPK is involved in the process of
acantholysis in pemphigus group.

Furthermore, some data [173,174] demonstrated possibility that switching of DCs could play
an important role in the development of some kind of cancer. Tumor development is in part
characterized by the ability of cells to destruct of cell-cell adhesion and invade the surrounding
tissue. Perhaps, the disturbances in desmosomal cadherin (as DSCs) expression could affect
beta-catenin signaling [174]. It is known, that increased beta-catenin signaling is a common
causative event in some kind of cancer (e.g. colorectal cancer), thus desmocollin switching
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could play a contributory role in the initiation of early stages of cancer. In light of this, the
evidence that altered expression of desmosomal proteins in various human malignancies has
been accumulating.

5.2. Malignancy in relation to the autoimmunity in subepidermal blistering dermatoses:
The role of the DEJ proteins

Pathogenesis of blister formation in subepidermal blistering dermatoses is associated with
destruction of dermal-epidermal junction and anchoring fibers. Recent studies shown inter‐
esting function of the hemidesmosome (HD) components in signal transduction, involving
effect on cell behavior in tumor invasion [175]. Data indicated altered expression of DEJ
proteins at different stages of carcinogenesis, what may suggest the association between tumor
progression. Aberrant expression of DEJ proteins, which are associated with subepidermal
blistering dermatoses (e.g. BP180, BP230, alfa6beta4 integrin, laminin-322) in epithelial cancers
was demonstrated, what may indicate their role in tumor development and invasion [175].
Reduced expression of HD components may results in the detachment of cells from the
basement membrane, facilitating piling or migration of cells [176]. On the other hand, carci‐
noma cells may upregulate the expression of HD molecules to enhance the attachment capacity
of metastatic cells to the DEJ at the metastatic site in order to establish metastatic growth.

The aberrant expression of DEJ component may reflect dysfunction of HD, that occurs as an
early event in multistep carcinogenesis of epithelium [177]. Downregulation of BP180 – one of
the major autoantigen in bullous pemphigoid – was found in basal cells in mild dysplasias,
upregulation of BP180 in suprabasal keratinocytes in moderate and severe dysplasis as well
as in the central cells of squamous cell carcinomas (SCC; G2 and G3) using immunohisto‐
chemical (IHC) and in situ hybridization (ISH) methods [175]. Furthermore, this group of
researchers indicated that overexpression of BP180 was found at the invasive front of the
tumors. Authors suggested that reduced BP180 expression at the early step of carcinogenesis
may reflect disturbed keratinocyte adhesion to the basement membrane. BP180 gene expres‐
sion is significantly induced by a tumor promoter PMA [175]. Previous findings obtained by
the same authors revealed reduced BP180 expression in the peripheral cells of carcinoma
islands in solid and keratotic basal cell carcinomas (BCC) and in the basal cells of invading
buds in superficial BCCs [178]. The altered expression of DEJ proteins is likely to coincide with
the disassembly of HD, which is an essential step in keratinocyte migration and carcinoma cell
invasion [175]. Moreover, downreguation of BP180 and other hemidesmosome components
was previously detected in vivo in prostate cancer and in the invasive cells of ductual mam‐
mary carcinoma [179,180]. On the other hand, upregulation of HD components has been
reported in a variety of SCCs [177,181]. It was argued that BP180 upregulation in carcinoma
cells at the invasive front of malignant tumors is important in the carcinoma cell migration
[175]. Other study described upregulation and altered distribution of BP230 and alfa6beta4
integrin in the areas of invasive growth of head and neck SCCs [181]. PMA is a potent tumor
promoter capable of inducing several genes that have a role in carcinogenesis and tumor
invasion [182]. It is known, that laminin-332 gamma2 chain gene promoter is one of the targets
of PMA activation, occurring via interaction with the activator protein 1 complexes [183]. The
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relationship of BP180 to malignancy is discussed. BP180 has possible phosphorylation sites
and may by phosphorylated in SCC [177]. Enhanced expression and abnormal distribution of
BP180 in various precancerous and cancerous tissues was revealed, including e.g. SCCs and
Bowen’s disease [177].

As it was demonstrated that expression of BP180 was decreased or absent in cutaneous
neoplasms [184], some authors speculated that some type of carcinomas itself might expose
BP180 antigenic epitope, which would normally be hidden, thus inducing the production of
autoantibodies that lead to the onset of BP [185]. It was proposed that BP180 neoexpression
could be associated with early/malignant transformation of keratinocytes as widely expression
of BP180 was demonstrated in SCC in contrast to normal skin, where this protein is restricted
to basal keratinocytes [186].

Laminin-322 (previously named laminin-5) is the main autoantigen in anti-epiligrin cicatricial
pemphigoid, mucouse membrane pemphigoid. Laminin-332 and alfa6beta4integrin may play
an important role in tumor progression via activation of phosphatidylinositol-3 kinase
signaling (PI3K) [187]. There was shown, that it is highly expressed in several types of
squamous and other epithelial tumours [188]. Moreover, in these tumors, laminin-322 shows
tendency to accumulate at the interface of the tumor with the surrounding stroma, and
expression of this proteins correlates with tumor invasiveness [188]. Interestingly, keratino‐
cytes from patients with junctional epidermolysis bullosa, that did not express laminin-322 or
beta4integrin, showed a lack of tumorigenecity in immunodeficient mice after transformation
[188]. Perhaps, the binding of collagen VII to laminin-322 may be essential for tumorigenesis
[188]. Furthermore, the laminin-322-derived signaling is an important component of tumori‐
genesis. As mentioned above, constitutive activation of the PI3K pathway leading to RAC1
GTPase activation may be the triggering factor inducing tumor invasion.

6. Case reports of MAABD

As the association between ABD and malignancy is noted in many case reports, the question
of causal connection is raised. There are three situations possible concerning the relation: i)
malignancy preceding ABD, ii) malignancy coexisting with ABD, iii) malignancy following
ABD. For a long months and years, many cases of ABD are undiagnosed, misdiagnosed and
subsequently mistreated due to relative rarity and therefore low awareness of ABD and its
symptoms. The time period elapsed between the first symptoms and diagnosis, makes the
time-onset relation between ABD and cancer usually uncertain.

Here, based on our personal clinical/laboratory/research experience, we present a dozen of
memorable/representative patients with association of malignancy, both cutaneous and
internal, and ABD over the last decade. Unfortunately, usually there is no experimental data
indicating if it is a random coincidence or cause-and-effect relationship in individual patient.
Still, the diagnosis of such a concurrence increases mortality.
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6.1. Anti-desmosomal autoimmunity circle / pemphigus group cases

6.1.1. Case 1 — Mucocutaneous pemphigus vulgaris / lung cancer

An  elderly  female  with  painful  oral  erosions,  flat  white-speckled  infiltrations,  mucosal
edema  and  enlarged  submandibular  lymph  nodes  was  admitted  to  oncology  center
outpatients.  Histopathological  examination of  the retromolar  mucosa of  the left  alveolar
process of maxilla showed paraepidermoid epithelium with focal high-grade dysplasia and
few neoplastic cells.

Due  to  improper  biopsy  technique  full  examination  of  the  material  was  impossible.
Therefore,  the patient was readmitted to the oncology ward, with tentative diagnosis of
carcinoma  planoepitheliale  with  bilateral  metastases  to  neck  lymph  nodes,  for  bilateral
selective lymphadenectomy and probational excision of the lesions at right buccal region
and  left  soft  palate.  Histopathological  examination  on  probational  biopsy  showed  mu‐
cous membrane fragments with features of basement membrane disruption and acantholy‐
sis.  There  was  abundant  infiltration  consisting  of  lymphoid  cells  with  plasmocyte
prevalence and presence of granulocytes. The overall image did not support the diagno‐
sis  of  carcinoma  planoepitheliale,  yet  suggested  pemphigus.  Chest  x-ray  showed  left-
sided pleural effusion with costodiaphragmatic recess filling. At the posterolateral side of
the lung, thin layer of liquid reaching 7th rib in the posterior axillary line was observed.
Ultrasonography of the neck showed non-enlarged thyroid gland (10 ml of volume) with
hypoechogenic node (11 mm x 8 mm) and 3 lesser hypoechogenic nodes of diameters up
to 4 mm in the left lobe. Enlarged lymph nodes, with narrow lymph sinuses (up to 15 mm
x 8 mm) and unclear character, were seen bilaterally in the upper part of the neck vessels
beyond mandibular angles.

The patient was directed to dermatological ward for further diagnostics. Laboratory tests
showed increased sedimentation rate. DIF of perilesional skin of the vulva revealed IgG(+),
IgG1(++) and C3(+) deposits in the intercellular spaces of the spinous layer of epidermis. hDIF
on pulled-out hair revealed IgG(+), IgG1(+) and IgG4(+) deposits in the intercellular spaces of
the outer root sheath. DIF of larynx mucosa showed fragmented specimen, mainly without
epithelium. There was fragmented epithelium consisting of several cells at the specimens
margin (evident acantholysis) with surrounding noticeable IgG(+/-) and C3(+/-) deposits. IIF
study on monkey esophagus revealed circulating IgG class of pemphigus-type autoantibodies
against desmosomal proteins of keratinocytes – titer above 1/80. On the basis of abovemen‐
tioned tests the diagnosis of mucocutaneous PV was reached.

After amelioration of the lesions, due to pulse steroid treatment, she was dismissed from the
ward. Two months later, she suffered from aggravation of mucosal erosions, haematopnoe
and dyspnoe. The woman was admitted to oncology center, where chest computed tomogra‐
phy (CT) scan visualized solid mass in the left lung (Fig. 1A). Via bronchofiberoscopy,
carcinoma planoepitheliale of the left lung (G4) with hepatic metastases was diagnosed.
Palliative radiotherapy (20 Gy/T) of the mediastinal/left pulmonary region led to aggravation
of mucocutaneous PV (Fig. 1B).
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indicating if it is a random coincidence or cause-and-effect relationship in individual patient.
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study on monkey esophagus revealed circulating IgG class of pemphigus-type autoantibodies
against desmosomal proteins of keratinocytes – titer above 1/80. On the basis of abovemen‐
tioned tests the diagnosis of mucocutaneous PV was reached.

After amelioration of the lesions, due to pulse steroid treatment, she was dismissed from the
ward. Two months later, she suffered from aggravation of mucosal erosions, haematopnoe
and dyspnoe. The woman was admitted to oncology center, where chest computed tomogra‐
phy (CT) scan visualized solid mass in the left lung (Fig. 1A). Via bronchofiberoscopy,
carcinoma planoepitheliale of the left lung (G4) with hepatic metastases was diagnosed.
Palliative radiotherapy (20 Gy/T) of the mediastinal/left pulmonary region led to aggravation
of mucocutaneous PV (Fig. 1B).
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6.1.2. Case 2 — Mucocutaneous pemphigus vulgaris / oropharyngeal cancer

A middle-aged man observed blisters localized in the interscapular region and the posterior
aspect of the neck (Fig. 2B, C). Simultaneously, he suffered from excruciating sore throat and
dysphagia. He was consulted by ENT-specialist and subsequently was directed to oncology
center for further diagnosis and treatment. Histological material obtained during laryngolog‐
ical diagnostics revealed carcinoma planoepitheliale keratodes invasivum of the right palatine
tonsil, soft palate and uvula (T3N2M0) with metastatic focus in lymph node (Fig. 2A).
Therefore, the patient underwent excision of the lesion with bilateral modified cervical
lymphadenectomy. Neck ultrasound imaging visualized hypoechogenic polycyclic tumorous
mass (43 mm x 25 mm) associated with lower pole of parotid gland with numerous small
satellite nodules of diameter up to 6 mm and dissolved reactive lymph nodes up to 7 mm of
length. The patient was treated with Intensity Modulated Radiation Therapy (IMRT) – 6 MeV
photons for 34 cycles (68 Gy/t). Due to lesions regarded as notable cutaneous radiation
syndrome of the neck (II* according to EORTC/RTOG scale), the few last cycles were dimin‐
ished by 1 fraction and postradiative topicals were applied. Interestingly, the bullous lesions
exacerbated (Fig. 2D) and appeared on the thorax, abdomen and limbs (Fig. 2E). No mucosal
involvement was present at that time.

Due to above symptoms, he was consulted by the dermatologist. Histology of the skin revealed
suprabasilar separation and acantholysis in the upper epidermis (Fig. 2F). IIF on monkey
esophagus revealed circulating IgG class pemphigus-type antibodies against desmosomal
proteins of keratinocytes – titer 1/320. DIF on the perilesional skin of the back showed IgG(+),
IgG1(+), IgG4(+++) and C3(+) deposits in intracellular spaces of lower layers of epidermis (Fig.
2G). DIF of the plucked hair showed IgG4(+++), IgG1(++), IgG(++) and C3(+/-) deposits in
intracellular spaces of outer hair sheath (Fig. 2H). Performed tests supported the diagnosis of
mucocutaneous PV.

Four months later, patient was admitted to dermatological ward with numerous blisters and
erosions on the skin of the thorax, back, limbs and head. Reddish postradiative aggravated PV
lesions, which healed later with aggressive immunosuppressive treatment, with marginal
blistering notably limited to the anterior surface of the neck, showed no visible reepitheliali‐
zation. Numerous painful erosions presented on oral mucosa disabling patient's feeding and
resulting in 10 kg weight loss. ELISA study revealed the presence of anti-desmoglein 1 (DSG1)
IgG of titer 130.34AU/ml (cut-off point 41AU/ml) and anti-desmoglein 3 (DSG3) IgG of titer
>150AU/ml (cut-off point 40AU/ml). IIF performed on rat bladder did not reveal serum
antibodies of paraneoplastic pemphigus (PNP) type. Consulting laryngologist described
numerous erosions of buccal and oral mucosa, yet noticed no features of recurrence of
malignancy. The case was reported in literature [189].

6.1.3. Case 3 — Pemphigus foliaceus / pseudomyxoma peritonei

An elderly female was admitted to dermatological ward with numerous erythematous
plaques, blisters and non-healing erosions covered with crusts – on the scalp, trunk and limbs
(Fig. 3A, B). Her medical history was significant for angina pectoris, angioplasty (PTCA) with

Highlights in Skin Cancer174

stent implantation due to myocardial infarction, hypertension, hypercholesterolemia, diabetes

mellitus type 2, hiatal hernia and epigastric hernia.

Figure 1. A. Chest CT of an elderly PV patient showing tumor in the left lung. B. Aggravation of mucocutaneous PV
after palliative radiotherapy (radiotherapy-induced PV lesions).
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center for further diagnosis and treatment. Histological material obtained during laryngolog‐
ical diagnostics revealed carcinoma planoepitheliale keratodes invasivum of the right palatine
tonsil, soft palate and uvula (T3N2M0) with metastatic focus in lymph node (Fig. 2A).
Therefore, the patient underwent excision of the lesion with bilateral modified cervical
lymphadenectomy. Neck ultrasound imaging visualized hypoechogenic polycyclic tumorous
mass (43 mm x 25 mm) associated with lower pole of parotid gland with numerous small
satellite nodules of diameter up to 6 mm and dissolved reactive lymph nodes up to 7 mm of
length. The patient was treated with Intensity Modulated Radiation Therapy (IMRT) – 6 MeV
photons for 34 cycles (68 Gy/t). Due to lesions regarded as notable cutaneous radiation
syndrome of the neck (II* according to EORTC/RTOG scale), the few last cycles were dimin‐
ished by 1 fraction and postradiative topicals were applied. Interestingly, the bullous lesions
exacerbated (Fig. 2D) and appeared on the thorax, abdomen and limbs (Fig. 2E). No mucosal
involvement was present at that time.

Due to above symptoms, he was consulted by the dermatologist. Histology of the skin revealed
suprabasilar separation and acantholysis in the upper epidermis (Fig. 2F). IIF on monkey
esophagus revealed circulating IgG class pemphigus-type antibodies against desmosomal
proteins of keratinocytes – titer 1/320. DIF on the perilesional skin of the back showed IgG(+),
IgG1(+), IgG4(+++) and C3(+) deposits in intracellular spaces of lower layers of epidermis (Fig.
2G). DIF of the plucked hair showed IgG4(+++), IgG1(++), IgG(++) and C3(+/-) deposits in
intracellular spaces of outer hair sheath (Fig. 2H). Performed tests supported the diagnosis of
mucocutaneous PV.

Four months later, patient was admitted to dermatological ward with numerous blisters and
erosions on the skin of the thorax, back, limbs and head. Reddish postradiative aggravated PV
lesions, which healed later with aggressive immunosuppressive treatment, with marginal
blistering notably limited to the anterior surface of the neck, showed no visible reepitheliali‐
zation. Numerous painful erosions presented on oral mucosa disabling patient's feeding and
resulting in 10 kg weight loss. ELISA study revealed the presence of anti-desmoglein 1 (DSG1)
IgG of titer 130.34AU/ml (cut-off point 41AU/ml) and anti-desmoglein 3 (DSG3) IgG of titer
>150AU/ml (cut-off point 40AU/ml). IIF performed on rat bladder did not reveal serum
antibodies of paraneoplastic pemphigus (PNP) type. Consulting laryngologist described
numerous erosions of buccal and oral mucosa, yet noticed no features of recurrence of
malignancy. The case was reported in literature [189].

6.1.3. Case 3 — Pemphigus foliaceus / pseudomyxoma peritonei

An elderly female was admitted to dermatological ward with numerous erythematous
plaques, blisters and non-healing erosions covered with crusts – on the scalp, trunk and limbs
(Fig. 3A, B). Her medical history was significant for angina pectoris, angioplasty (PTCA) with
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stent implantation due to myocardial infarction, hypertension, hypercholesterolemia, diabetes

mellitus type 2, hiatal hernia and epigastric hernia.

Figure 1. A. Chest CT of an elderly PV patient showing tumor in the left lung. B. Aggravation of mucocutaneous PV
after palliative radiotherapy (radiotherapy-induced PV lesions).
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Figure 2. A. Carcinoma planoepitheliale keratodes invasivum in lymphoid tissue. H+E staining. Courtesy of Prof. J. Brę‐
borowicz. B. Numerous erosions on non-inflammatory skin of the back, some of them covered with brownish-greenish
crusts. C. Erosions on non-inflammatory skin of the face and neck. Scar after the surgical excision of the cancer. D. Nu‐
merous merging erosions, some covered with bloody and greenish crusts on the skin of the neck area subjected to
radiotherapy. E. Erosions covered with crusts around the nipple (a natural body orifice area). F. Suprabasilar separation
and acantholytic blister in the upper epidermis. H+E staining. G. DIF of perilesional skin of the back: pemphigus IgG4
deposits in lower epidermis. H. DIF of plucked scalp hair: pemphigus IgG4 deposits in outer root sheath.
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Initially, lesional skin sample examined by the cutaneous pathologist showed thin epidermis
with fissures and flat vesicles in upper layer with slight acantholysis. Perivascular inflamma‐
tory infiltrates with prevalence of lymphocytes and eosinophils, focally involving the epider‐
mis, were seen in the dermis. DIF test revealed deposits of IgG(+), IgG4(++) and C3(++) in
intercellular spaces of epidermis. Marked acantholysis was visible and upper layers of
epidermis were absent. Serum IgG, but not IgG4, autoantibodies of pemphigus type against
desmosomal proteins of keratinocytes were present in IIF on rabbit labial mucosa and normal
human skin, of titers respectively 1/40 and 1/160. The diagnosis of PF was made. She was
treated with oral steroids and cyclophosphamide achieving remission before dismissal.

Six years later she was readmitted to dermatological ward due to aggravation of PF. IIF study
on monkey esophagus showed serum IgG4 autoantibodies of pemphigus type against desmo‐
somal proteins of keratinocytes – titer 1/80 (Fig. 3C). Abdominal ultrasonography revealed oval
hyperechogenic solid mass (12 mm x 14 mm) in the middle part of the right kidney medulla
suggesting  kidney  tumor.  Two-phased  abdominal  CT  scan  visualized  hypodensic  well-
delineated lesion (transverse diameter ca. 10 mm) in right renal medulla (suggestive of angio‐
myolipoma) characterized by density of adipose tissue, without contrast intensification.

The patient was supervised for years by dermatology practitioner. Due to increase of waist
circumference, she was suggested to visit gynecologist. In gynecological control, the physician
found right adnexal mass. The patient was directed urgently to gynecologic ward with
tentative diagnosis of ovarian cancer, where she underwent hysterectomy with adnexotomy,
omentectomy and appendectomy. The tumor was described by the histopathologist as low
grade appendiceal mucinous neoplasm (pseudomyxoma peritonei) with metastasis to right
ovary and omentum. Since then, she regularly visited gynecological oncologist.

Figure 3. A. Erythematous plaques and crusts on the scalp of the head. B. Erosions and blisters on the back. C. IIF on
monkey esophagus: pemphigus IgG4 autoantibodies. PF recurrence in the course of ACE-inhibitor treatment for myo‐
cardial infarction.

6.1.4. Case 4 — Pemphigus foliaceus / squamous cell carcinoma of the thorax

A middle-aged man was consulted by dermatological specialist due to disseminated eryth‐
ematous plaques. The lesions were preceded by three months of uncomfortable itching on
hands and feet. He was not diagnosed beforehand and was solely treated with topical steroids.
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Figure 2. A. Carcinoma planoepitheliale keratodes invasivum in lymphoid tissue. H+E staining. Courtesy of Prof. J. Brę‐
borowicz. B. Numerous erosions on non-inflammatory skin of the back, some of them covered with brownish-greenish
crusts. C. Erosions on non-inflammatory skin of the face and neck. Scar after the surgical excision of the cancer. D. Nu‐
merous merging erosions, some covered with bloody and greenish crusts on the skin of the neck area subjected to
radiotherapy. E. Erosions covered with crusts around the nipple (a natural body orifice area). F. Suprabasilar separation
and acantholytic blister in the upper epidermis. H+E staining. G. DIF of perilesional skin of the back: pemphigus IgG4
deposits in lower epidermis. H. DIF of plucked scalp hair: pemphigus IgG4 deposits in outer root sheath.
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intercellular spaces of epidermis. Marked acantholysis was visible and upper layers of
epidermis were absent. Serum IgG, but not IgG4, autoantibodies of pemphigus type against
desmosomal proteins of keratinocytes were present in IIF on rabbit labial mucosa and normal
human skin, of titers respectively 1/40 and 1/160. The diagnosis of PF was made. She was
treated with oral steroids and cyclophosphamide achieving remission before dismissal.

Six years later she was readmitted to dermatological ward due to aggravation of PF. IIF study
on monkey esophagus showed serum IgG4 autoantibodies of pemphigus type against desmo‐
somal proteins of keratinocytes – titer 1/80 (Fig. 3C). Abdominal ultrasonography revealed oval
hyperechogenic solid mass (12 mm x 14 mm) in the middle part of the right kidney medulla
suggesting  kidney  tumor.  Two-phased  abdominal  CT  scan  visualized  hypodensic  well-
delineated lesion (transverse diameter ca. 10 mm) in right renal medulla (suggestive of angio‐
myolipoma) characterized by density of adipose tissue, without contrast intensification.

The patient was supervised for years by dermatology practitioner. Due to increase of waist
circumference, she was suggested to visit gynecologist. In gynecological control, the physician
found right adnexal mass. The patient was directed urgently to gynecologic ward with
tentative diagnosis of ovarian cancer, where she underwent hysterectomy with adnexotomy,
omentectomy and appendectomy. The tumor was described by the histopathologist as low
grade appendiceal mucinous neoplasm (pseudomyxoma peritonei) with metastasis to right
ovary and omentum. Since then, she regularly visited gynecological oncologist.

Figure 3. A. Erythematous plaques and crusts on the scalp of the head. B. Erosions and blisters on the back. C. IIF on
monkey esophagus: pemphigus IgG4 autoantibodies. PF recurrence in the course of ACE-inhibitor treatment for myo‐
cardial infarction.

6.1.4. Case 4 — Pemphigus foliaceus / squamous cell carcinoma of the thorax

A middle-aged man was consulted by dermatological specialist due to disseminated eryth‐
ematous plaques. The lesions were preceded by three months of uncomfortable itching on
hands and feet. He was not diagnosed beforehand and was solely treated with topical steroids.
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Therefore, he was directed do dermatological ward with tentative diagnosis of
pemphigus/PNP for further diagnostics and treatment.

On admission, he presented erythroderma (Fig. 4A) and notable exophytic tumor on anterior
surface of the thorax (c.a. 13 cm of diameter),  clinically carcinoma verrucosum (Fig. 4B).
Laboratory tests showed anemia, increased sedimentation rate and CRP. Histology of the
perilesional skin showed marked acantholysis (Fig.  4C).  Tumor margin bioptate showed
clustered isles of atypic cells with fine keratin pearls giving overall image of highly differentiat‐
ed squamous cell carcinoma (SCC) G1 (Fig. 4D). IIF on monkey esophagus proved the pres‐
ence of serum IgG pemphigus-type antibodies against desmosomal proteins of keratinocytes –
titer 1/160, yet IIF on rat bladder for serum PNP-type IgG was negative. ELISA test showed serum
anti-DSG1 IgG level >200 RU/ml (cut-off point 20 RU/ml), yet did not revealed serum anti-
DSG3 IgG – level 0 RU/ml (cut-off point 20 RU/ml). DIF of the perilesional skin visualized IgG(+),
IgG1(++) and IgG4(++) deposits in the intercellular spaces of higher layers of epidermis and C3(+
+) deposits in the intercellular spaces of lower layers of epidermis (Fig. 4E). hDIF showed IgG(+),
IgG1(+) and C3(+) deposits in the intercellular spaces of outer root sheath (Fig. 4F). With clinical
and histological findings and molecular findings, the diagnosis of PF was made. After achiev‐
ing  dermatological  improvement  with  doxycycline,  antihistamine  drugs  and oral/topical
steroids, patient was directed to oncology ward for SCC therapy.

Figure 4. A. Disseminated erythematous plaques and crusts on the back. B. Exophytic tumor on anterior surface of the
chest. C. Histology of the perilesional skin: Acantholysis. H+E staining. D. Histology of the tumor margin: Clustered isles
of atypical cells with fine keratin pearls. Highly differentiated SCC. H+E staining. E. DIF of perilesional skin: IgG4(++)
deposits in the intercellular spaces of higher layers of epidermis. F. hDIF of plucked scalp hair: IgG(+) deposits in the
intercellular spaces of outer root sheath.

6.1.5. Case 5 — Mucocutaneous pemphigus vulgaris shifting from mucosal dominant form / lower lip
squamous cell carcinoma

An elderly man treated for lower lip squamous cell carcinoma (SCC planoepitheliale kerato‐
des; G2) that developed in lesions showing histological features of PV (Fig. 5E, F) suffered from
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painful erosions on oral mucosa dating back several months (Fig. 5A). Subsequently, the
blistering lesions and oozing erosions appeared on the skin (Fig. 5B, C). He called the derma‐
tology professional and was directed to dermatological ward for diagnosis and treatment.

His laboratory tests showed increased sedimentation rate. Chest x-ray revealed fine atelectasis
in the inferior aspect of the right lung. Ultrasonography of the abdomen showed non-echogenic
area (16 mm x 18 mm) with intramural calcification and features of a cyst within VII segment
and hypoechogenic lesion (dia. of 12 mm), probably angioma, in VI/VII segment of the of the
right lobe of the liver. Two lesser cysts (up to dia. 5 mm) were found in left lobe. Gallstone
(dia. 18 mm) was depicted in gall bladder, while right kidney showed sonographic features of
hydronephrosis. An intravenous urogram (IVU) proved the presence of renal stone in right
ureteropelvic junction, causing obstruction and dilatation of the pelvicalyceal system. In
Tzanck test rounded acantholytic cells were present (Fig. 5D). Skin bioptate was characterized
by the pathologist as PV material. hDIF showed IgG(++) and IgG4(+) deposits in intercellular
spaces of outer root sheath (Fig. 5G). DIF on skin lesion margin showed IgG(+), IgG4(++) and
C3(+) deposits in intercellular spaces of the lower spinous layer of epidermis (Fig. 5H). IIF on
monkey esophagus revealed circulating IgG pemphigus-type antibodies against desmosomal
proteins of keratinocytes – titer 1/320. ELISA test with patient's serum revealed serum anti-
DSG1 and anti-DSG3 IgG class autoantibodies – levels respectively 133.81 RU/ml (cut-off point
41 RU/ml) and > 150 RU/ml (cut-off point 40 RU/ml). The diagnosis of mucocutaneous PV
(shifting from mucosal dominant PV) was established. He was treated with pulses of high dose
intravenous steroids combined with oral/topical steroids and doxycycline as a fundamental
therapy with satisfactory effect.

6.1.6. Case 6 — Mucosal dominant pemphigus vulgaris / breast cancer

An elderly female, five years after right-side mastectomy due to breast cancer (invasive ductal
carcinoma; G1; pT1cpN1Mx), was admitted to dermatological ward with painful non-healing
erosions of oral and tongue mucosa. Her medical history was significant for diabetes mellitus
type 2, arterial hypertension, diverticulosis, hemorrhagic gastritis and past episodes of deep
vein thrombosis in the legs and thrombosis of the right central retinal vein. hDIF revealed IgG
(+++), IgG1(++), IgG4(+++) and C3 deposits in intercellular spaces of outer root sheath (Fig.
6A). DIF on the perilesional mucosa showed IgG(+), IgG1(++), IgG4(+)and C3 deposits in
intercellular spaces of lower layers of oral epithelium (Fig. 6B). IIF on monkey esophagus
showed circulating IgG pemphigus-type antibodies binding spinous layer desmosomal
proteins of keratinocytes – titer 1/160. Serum PNP-type autoantibodies were absent in IIF study
on rat bladder transitional epithelium. ELISA study revealed elevated anti-DSG3 IgG level:
112.83 AU/ml (cut-off point 40 AU/ml), while IgG anti-DSG1 level was normal: 34.49 AU/ml
(cut-off point 41AU/ml). Both laboratory tests and immunopathological findings supported
the diagnosis of mucosal dominant PV. She was treated with oral methyloprednisolone,
doxycycline and cyclophosphamide.

Because of her medical history, she was gradually deprived of methyloprednisolone, that
resulted in an aggravation of PV within a month and need for urgent hospitalization. She was
admitted with diffused erosions and blisters both on the skin and oral mucosa. Laboratory
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Therefore, he was directed do dermatological ward with tentative diagnosis of
pemphigus/PNP for further diagnostics and treatment.

On admission, he presented erythroderma (Fig. 4A) and notable exophytic tumor on anterior
surface of the thorax (c.a. 13 cm of diameter),  clinically carcinoma verrucosum (Fig. 4B).
Laboratory tests showed anemia, increased sedimentation rate and CRP. Histology of the
perilesional skin showed marked acantholysis (Fig.  4C).  Tumor margin bioptate showed
clustered isles of atypic cells with fine keratin pearls giving overall image of highly differentiat‐
ed squamous cell carcinoma (SCC) G1 (Fig. 4D). IIF on monkey esophagus proved the pres‐
ence of serum IgG pemphigus-type antibodies against desmosomal proteins of keratinocytes –
titer 1/160, yet IIF on rat bladder for serum PNP-type IgG was negative. ELISA test showed serum
anti-DSG1 IgG level >200 RU/ml (cut-off point 20 RU/ml), yet did not revealed serum anti-
DSG3 IgG – level 0 RU/ml (cut-off point 20 RU/ml). DIF of the perilesional skin visualized IgG(+),
IgG1(++) and IgG4(++) deposits in the intercellular spaces of higher layers of epidermis and C3(+
+) deposits in the intercellular spaces of lower layers of epidermis (Fig. 4E). hDIF showed IgG(+),
IgG1(+) and C3(+) deposits in the intercellular spaces of outer root sheath (Fig. 4F). With clinical
and histological findings and molecular findings, the diagnosis of PF was made. After achiev‐
ing  dermatological  improvement  with  doxycycline,  antihistamine  drugs  and oral/topical
steroids, patient was directed to oncology ward for SCC therapy.

Figure 4. A. Disseminated erythematous plaques and crusts on the back. B. Exophytic tumor on anterior surface of the
chest. C. Histology of the perilesional skin: Acantholysis. H+E staining. D. Histology of the tumor margin: Clustered isles
of atypical cells with fine keratin pearls. Highly differentiated SCC. H+E staining. E. DIF of perilesional skin: IgG4(++)
deposits in the intercellular spaces of higher layers of epidermis. F. hDIF of plucked scalp hair: IgG(+) deposits in the
intercellular spaces of outer root sheath.

6.1.5. Case 5 — Mucocutaneous pemphigus vulgaris shifting from mucosal dominant form / lower lip
squamous cell carcinoma

An elderly man treated for lower lip squamous cell carcinoma (SCC planoepitheliale kerato‐
des; G2) that developed in lesions showing histological features of PV (Fig. 5E, F) suffered from
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painful erosions on oral mucosa dating back several months (Fig. 5A). Subsequently, the
blistering lesions and oozing erosions appeared on the skin (Fig. 5B, C). He called the derma‐
tology professional and was directed to dermatological ward for diagnosis and treatment.

His laboratory tests showed increased sedimentation rate. Chest x-ray revealed fine atelectasis
in the inferior aspect of the right lung. Ultrasonography of the abdomen showed non-echogenic
area (16 mm x 18 mm) with intramural calcification and features of a cyst within VII segment
and hypoechogenic lesion (dia. of 12 mm), probably angioma, in VI/VII segment of the of the
right lobe of the liver. Two lesser cysts (up to dia. 5 mm) were found in left lobe. Gallstone
(dia. 18 mm) was depicted in gall bladder, while right kidney showed sonographic features of
hydronephrosis. An intravenous urogram (IVU) proved the presence of renal stone in right
ureteropelvic junction, causing obstruction and dilatation of the pelvicalyceal system. In
Tzanck test rounded acantholytic cells were present (Fig. 5D). Skin bioptate was characterized
by the pathologist as PV material. hDIF showed IgG(++) and IgG4(+) deposits in intercellular
spaces of outer root sheath (Fig. 5G). DIF on skin lesion margin showed IgG(+), IgG4(++) and
C3(+) deposits in intercellular spaces of the lower spinous layer of epidermis (Fig. 5H). IIF on
monkey esophagus revealed circulating IgG pemphigus-type antibodies against desmosomal
proteins of keratinocytes – titer 1/320. ELISA test with patient's serum revealed serum anti-
DSG1 and anti-DSG3 IgG class autoantibodies – levels respectively 133.81 RU/ml (cut-off point
41 RU/ml) and > 150 RU/ml (cut-off point 40 RU/ml). The diagnosis of mucocutaneous PV
(shifting from mucosal dominant PV) was established. He was treated with pulses of high dose
intravenous steroids combined with oral/topical steroids and doxycycline as a fundamental
therapy with satisfactory effect.

6.1.6. Case 6 — Mucosal dominant pemphigus vulgaris / breast cancer

An elderly female, five years after right-side mastectomy due to breast cancer (invasive ductal
carcinoma; G1; pT1cpN1Mx), was admitted to dermatological ward with painful non-healing
erosions of oral and tongue mucosa. Her medical history was significant for diabetes mellitus
type 2, arterial hypertension, diverticulosis, hemorrhagic gastritis and past episodes of deep
vein thrombosis in the legs and thrombosis of the right central retinal vein. hDIF revealed IgG
(+++), IgG1(++), IgG4(+++) and C3 deposits in intercellular spaces of outer root sheath (Fig.
6A). DIF on the perilesional mucosa showed IgG(+), IgG1(++), IgG4(+)and C3 deposits in
intercellular spaces of lower layers of oral epithelium (Fig. 6B). IIF on monkey esophagus
showed circulating IgG pemphigus-type antibodies binding spinous layer desmosomal
proteins of keratinocytes – titer 1/160. Serum PNP-type autoantibodies were absent in IIF study
on rat bladder transitional epithelium. ELISA study revealed elevated anti-DSG3 IgG level:
112.83 AU/ml (cut-off point 40 AU/ml), while IgG anti-DSG1 level was normal: 34.49 AU/ml
(cut-off point 41AU/ml). Both laboratory tests and immunopathological findings supported
the diagnosis of mucosal dominant PV. She was treated with oral methyloprednisolone,
doxycycline and cyclophosphamide.

Because of her medical history, she was gradually deprived of methyloprednisolone, that
resulted in an aggravation of PV within a month and need for urgent hospitalization. She was
admitted with diffused erosions and blisters both on the skin and oral mucosa. Laboratory
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Figure 5. A. Mucosal erosions in patient with lower lip SCC and mucocutaneous PV. B. Fragile blister on the hand. C.
Pemphigus vulgaris imitating paronychia. D. Positive Tzanck test: rounded acantholytic cells suggestive for PV. E. Su‐
prabasilar cleft with acantholysis in the lower lip specimen showing also features of SCC. H+E staining. F. Lower lip
SCC. H+E staining. Courtesy of Prof. J. Bręborowicz. G. hDIF: pemphigus IgG deposits in intercellular spaces of outer
root sheath. H.DIF showing IgG pemphigus-type deposits.
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tests revealed elevated CEA level – 8.05 ng/ml (cut-off point 5 ng/ml) with normal levels of
other cancer biomarkers (CA19-9, Ca125, AFP). She was treated with cyclophosphamide,
doxycycline and high doses of both intravenous and oral steroids.

She was readmitted to the ward six months later with erosions on buccal mucosa, base of the
mouth, soft palate and epiglottis. Laboratory tests revealed elevated CA19-9 level: 843.8 U/ml
(cut-off point 37 U/ml). After achieving remission of lesions, she was directed to oncology
outpatients to screen for malignancy.

Figure 6. A. hDIF visualizing IgG1(++) deposits in the outer root sheath. B. DIF of perilesional mucosa revealing IgG1(+
+) deposits in intercellular spaces of lower layers of oral epithelium.

6.1.7. Case 7 — Pemphigus foliaceus / squamous cell carcinoma of external nose and upper lip

A middle-aged man with exophytic ulcerative nasal tumor was diagnosed with paranasal
sinuses roentgenogram revealing massive shade of polycyclic outline. Surgical excision of the
external nose tumor infiltrating upper lip was performed in oncology center (Fig. 7A).
Exophytic lesion was described by a pathologist as carcinoma planoepitheliale keratodes (G2).
The patient was frequently monitored in oncology outpatients finding no features of tumor
recurrence.

Two years afterward, erythemous plaques with flaccid serous blisters, oozing erosions and
crusts  appeared  on  lower  limbs.  It  took  several  weeks  until  lesions  generalized  and
occupied trunk, limbs, head and intertriginous regions forming vast desquamative surfaces
of flaky puff pastry-like appearance (Fig. 7B). Mucous membranes remained free of lesions.
Due to ineffective ambulatory management, he was directed to dermatological ward with
tentative diagnosis of PF.

Histological features of perilesional skin supported PF diagnosis. IIF on monkey esopha‐
gus  revealed  serum  IgG  pemphigus-type  antibodies  against  desmosomal  proteins  of
spinous layer of epidermis – titer 1/320, yet IIF on rat bladder epithelium as a substrate
did not detected circulating PNP-type autoantibodies. DIF of perilesional skin visualized
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SCC. H+E staining. Courtesy of Prof. J. Bręborowicz. G. hDIF: pemphigus IgG deposits in intercellular spaces of outer
root sheath. H.DIF showing IgG pemphigus-type deposits.
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well-defined  IgG(+++)  and  IgG4(+++)  deposits  in  intercellular  spaces  of  lower  layers  of
epidermis and linear C3(+) deposits alongside DEJ (Fig. 7C). Serum anti-DSG1 IgG ELISA
was positive – level >150 AU/ml (cut-off point 41 AU/ml), whereas serum anti-DSG3 IgG
ELISA proved negative – level 6.20 AU/ml (cut-off point 40 AU/ml). The molecular tests
confirmed the PF diagnosis. He was treated with oral/intravenous steroids and cyclophos‐
phamide, azathioprine and doxycycline as adjuvant treatment. The compliance in ambula‐
tory care was poor as the patient repeatedly was treated in dermatological ward with IIF
IgG pemphigus-type antibody titer reaching 1/2560.

Figure 7. A. Nose stump after tumor excision. Courtesy of S. Stusek MD. B. Flaky puff pastry-like desquamative lesions
on the trunk. Courtesy of S. Stusek MD. C. DIF of perilesional skin: intense pemphigus IgG4(+++) deposits.

6.2. Subepidermal autoimmune blistering diseases

6.2.1. Case 8 — Bullous pemphigoid / colon cancer

An elderly man was directed to chirurgical ward due to ileus. He underwent left hemicolec‐
tomy and forming of colostomy because of appendicitis, chronic peritonitis and colon cancer.
Histopathological examination of the excised material revealed partially gelatinous tubular
adenocarcinoma (G2; T4N0M0) infiltrating pericolic adipose tissue (Fig. 8B).

After the surgery, eczematous vesicular oozing eruption appeared on the surrounding of the
stomy (Fig. 8A), while itchy well-tense bullae occurred on the skin of the back covering trunk
and limbs in a few weeks. Histopathological and immunopathological tests were performed
in dermatological outpatient ward two years after operation. Histology of the perilesional skin
showed subepidermal vesicle filled with inflammatory cells with predominance of eosinoi‐
phils (Fig. 8C). Perilesional skin DIF revealed linear deposits of IgG4(++) and C3(+++) along
dermal-epidermal junction (DEJ) (Fig. 8D). IIF, performed on monkey esophagus as a sub‐
strate, was negative for IgG serum autoantibodies against desmosomal proteins of keratino‐
cytes and basement membrane antigens. ELISA anti-BP180NC16a examination was positive
for serum IgG antibodies against BP180 – titer 60.47 U/ml (cut-off point 9 U/ml), that enabled
the diagnosis of trauma-induced and paraneoplastic BP at the molecular level. Control chest
X-ray and ultrasonography of the abdomen did not showed neoplasm.
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BP tend to manifest in natural and iatrogenic orifices featured by transient epithelium (e.g. the
scar or the stomy site). It may be possible, that malignant tumor causing pathological immu‐
nization triggered the onset of this subepidermal dermatosis. The case is a hallmark of
literature data [191–193].

6.2.2. Case 9 — Bullous pemphigoid / family history of renal cancer

A middle-aged female was directed to dermatological ward for diagnostics and treatment of
disseminated itchy blisters and vesicles on erythematous skin (Fig. 9A, B) dating back two
months. Her family history was significant for renal cancer coexisting with a subepidermal
IgG-mediated bullous dermatosis, most likely BP, in grandmother. Her laboratory test were
noncontributory. Immunohistochemical study showed subepidermal blister with neutrophil
elastase (NE) deposits (Fig. 9C). IIF on monkey esophagus was positive for serum IgG
pemphigoid-type antibody against DEJ proteins – titer 1/80. DIF of the perilesional skin
revealed IgG1(+), IgG4(+) and C3(++) deposits along DEJ (Fig. 9D). Direct immunofluorescence
test on salt-split skin (ssDIF) showed IgG4(+) and C3 deposits on epidermal side of the split.
Aforementioned methods made it possible to diagnose BP and begin treatment with oral/
topical steroids, cyclophosphamide, doxycycline and antihistamines. Because of family history
of autoimmune blistering dermatosis coexistent with cancer, the patient was advised to
undergo meticulous follow-up to reveal any signs of malignancy as soon as possible.

6.2.3. Case 10 — Mucous membrane pemphigoid / hodgkin lymphoma

An elderly female, with swollen left supraclavicular lymph nodes, weight loss, fatigue, low
grade fever and night sweats, was admitted to internal diseases ward for diagnostics. Both
clinical symptoms, laboratory tests and histological examination of lymph node supported the
diagnosis of Hodgkin lymphoma (IIB). She was treated with ABVD chemotherapy regimen
(adriamycin, bleomycin, vinblastine, dacarbazine) and COPP regimen (cyclophosphamide,
vincristin, procarbazine, prednisone) - due to bad tolerance of anthracyclines, achieving
lymphoma remission.

Six years later, she called ENT professional due to dysphagia, oral itching and numerous
painfull erosions on oral mucosa covered with whitish coating (Fig. 10A). The lesions were
diagnosed mycologically as oral candidiasis (Candida famata, Candida glabrata). Antimyco‐
logical treatment seemed ineffective and another erosive lesion (3 cm in diameter) appeared
in umbilical region (Fig. 10B). She was directed to dermatological ward for further diagnostics
and treatment six months later. Her medical history was also significant for total hysterectomy
and episode of upper gastrointestinal bleeding (diffused intestinal metaplasia of the stomach
mucosa; coagulated). Laboratory blood tests showed increased sedimentation rate and CRP.
IIF on monkey esophagus did not revealed circulating IgG antibodies against desmosomal
proteins of keratinocytes and basement membrane antigens (Fig. 10C). DIF of the perilesional
skin from the umbilical region showed linear deposits of IgG(+/-), IgG1(+), and C3(+) along
dermal-epidermal junction (Fig. 10D). In natural blister, autoantibody deposits were seen on
epidermal side of the split. The diagnosis of MMP was based on clinical and DIF findings
fulfilling the criteria of this dermatosis.
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Figure 8. A. Blisters and their evolutionary lesions on inflamed skin around colostomy. B. A part of neoplastic infiltrate
in the wall of large intestine showing cramped glandular ducts with irregular shapes. Epithelium cells with high-grade
atypical cells. Inflammation of the periphery. H+E staining. Courtesy of I. Turczuk-Bierła MD. C. Histology of perilesional
skin: Subepidermal vesicle with admixture of eosinophils within it. H+E staining. D. DIF of the blister skin margin: linear
IgG4(++) deposits along DEJ.

Figure 9. A. Erosions and bullae on erythematous skin forming “string of beans”. B. Group of small blisters forming
“cluster of jewels”. C. Immunohistochemical study of the lesional skin. Visualization of neutrophil elastase (NE) depos‐
its in the subepidermal blister. D. DIF on the perilesional skin: linear IgG4(+) deposits along DEJ.
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Figure 10. A. Mucosal erosions in oral cavity. B. Erosion in the navel. C. IIF study revealing no IgG antibodies binding
either desmosomal proteins of keratinocytes or basement membrane antigens. D. DIF of the perilesional navel skin:
linear IgG1(+) deposits alongside DEJ. Autoantibody deposits on epidermal side.

6.2.4. Case 11 — Bullous pemphigoid / renal cancer / prostate cancer

An elderly man visited the dermatologist due to disseminated erythematous itchy lesions,
papules, erosions and a few well-tensed blisters filled with serous exudate on the forearms,
arms and trunk (Fig. 11A, B). He was treated without clinical effect with antibiotics, antihist‐
amine drugs and oral steroids. After a month, he was directed to dermatological ward for
further diagnostics.

His medical history was significant for nephrectomy because of carcinoma clarocellulare,
prostate adenocarcinoma (Gleason 1+3=4) treated with brachytherapy (HDR; 20 Gy) and
radiotherapy, two hypermetabolic abdominal foci at level of kidney vessels in PET (suppos‐
edly metastatic lymph nodes), thyroid nodule and testis hydrocele. Laboratory tests revealed
increased CRP levels, monocytosis, eosinocytosis, hypertriglyceridemia.

Histology of the perilesional skin showed subepidermal blistering and inflammatory mixed
infiltrate with neutrophils and eosinophils (Fig. 11C). DIF of the perilesional skin of gluteal
region showed linear deposits of IgG1(+),  IgG4(++) and C3(+) along DEJ.  DIF performed
on vesicle  margin skin  showed linear  deposits  of  IgG(+),  IgG1(+),  IgG4(+++)  and C3(++)
along dermal-epidermal junction. (Fig.  11D).  IIF on monkey esophagus did not revealed
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circulating  IgG  antibodies  against  desmosomal  proteins  of  keratinocytes  and  basement
membrane antigens.  ELISA test  revealed increased serum anti-BP230  IgG level  –  81.356
RU/ml (cut-off point 20 RU/ml),  yet circulating anti-BP180 IgG level was normal – 8.037
RU/ml  (cut-off  point  20  RU/ml).  Vesicular  and paraneoplastic  BP  was  confirmed at  the
molecular level.

Published in [220].

Figure 11. A. Erythemous/oedematous lesions and erosions on the back in patient with vesiculous form of BP. Sticking
plaster marks the site of biopsy. B. Vesicular lesions on posteriomedial surface of the left arm. C. Histology of subepi‐
dermal blister. Inflammatory mixed infiltrate with neutrophils and eosinophils. H+E staining. D. DIF on perilesional
skin: IgG4 deposits along DEJ.

6.2.5. Case 12 — Bullous pemphigoid / lung cancer

A middle-aged heavy smoker visited dermatologist because of disseminated eruption of well-
tensed painful blisters (Fig. 12A). Histological examination was suggestive of BP (Fig. 12B).
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DIF of perilesional skin revealed linear deposits of IgG4(+) and C3(++) along dermal-epidermal
junction (Fig. 12C). IIF on monkey esophagus did not revealed circulating IgG antibodies
against either desmosomal proteins of keratinocytes or basement membrane antigens. The
patient was directed to dermatological ward for further diagnostics. Laboratory tests showed
leukocytosis, increased sedimentation rate and CRP. Apart of slightly increased CEA (6.79 ng/
ml; cut-off for non-smokers 5.00 ng/ml, for smokers 6.50 ng/ml), other cancer biomarkers (AFP,
CA19-9, Ca125, PSA) were negative. ELISA study was positive for serum anti-BP180 IgG –
19.50 RU/ml (cut-off point 9 RU/ml), yet negative for serum anti-BP230 IgG – 0.00 RU/ml (cut-
off point 9 RU/ml). The diagnosis of BP was established. Abdominal ultrasound displayed
enlarged liver without visible focal changes. Chest x-ray revealed a tumorous mass (7.0 cm x
6.6 cm), in middle lobe of the right lung, infiltrating lower root (Fig. 12D). Chest CT showed
heterogeneous tumor of the right lung with consequent emphysema and metastatic mediasti‐
nal lymph nodes.

Consulting pulmonologist ordered further diagnostics and treatment in pulmonological ward,
where bronchofiberoscopy was performed. With the histological diagnosis of carcinoma
planoepitheliale akeratodes (G3; T4N2M0; IIIB) the patient began chemotherapy (cisplatin/
vinorelbine regimen), yet he died within months.

Figure 12. A. Painful well-tensed blisters, crusts and erosions on erythematous skin of the axillary area. B. Histology:
subepidermal vesicle with abundant eosinophil infiltrate. H+E staining. C. DIF: linear deposits of IgG4 along DEJ. D.
Chest x-ray: solid mass in middle lobe of the right lung, Tumor infiltration of lower lung root.
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6.2.6. Case 13 — Bullous pemphigoid / prostate cancer

An elderly man consulted dermatology outpatient clinic due to itchy and painful well-tense
blisters on the legs and subsequently on flexural surfaces of the forearms dating back four
months (Fig. 13A). Perilesional skin bioptate and patient's blood sample were obtained for
diagnostic purposes. Histology showed subepidermal blister. Major basic protein was
visualized with immunohistochemical method marking eosinophil infiltrate (Fig. 13B). DIF
study revealed linear deposits of IgG1(+), IgG4(+) and C3(++) along DEJ (Fig. 13C). IIF on
monkey esophagus revealed circulating pemphigoid-type IgG, IgG1 and IgG4 antibodies
against basement membrane antigens, of titers respectively 1/320, 1/160 and 1/160 (Fig. 13D).
He was treated with limecycline, antihistamine drugs and incidental intramuscular steroids
and was directed to dermatological ward, with tentative diagnosis of BP, for further diagnos‐
tics and treatment.

On admission he presented oozing erosions and well-tensed blisters filled with serosangui‐
neous exudate on the right forearm. His medical history was significant for prostatic cancer
(treated for 8-year-period with hormonal therapy) and orchidectomy. He was treated by
urologist with tamsulosin, cyproterone, finasteride, flutamide, leuprorelin and goserelin.
Several months before lesions' appearance, the urologist ceased the hormonal treatment,
finding it purposeless. Laboratory tests revealed erythrocytopenia, increased sedimentation
rate and PSA (17.49 ng/ml; cut-off 4.00). Other cancer biomarkers (CEA, AFP), FOBT and stool
examination for parasite infestation were negative. ELISA test performed on patient's serum
and blister fluid showed increased anti-BP180 IgG level: 14.01 RU/ml and 13.21 RU/ml
respectively (cut-off 9 RU/ml) and increased anti-BP230 IgG level: 90.66 RU/ml and 75.85 RU/
ml respectively. The diagnosis of BP as a paraneoplastic syndrome was made. Due to previous
oncologic history, patient was urgently directed to urologist. Leuproreline readministration
with immunosuppressive and anti-inflammatory treatment enabled remission of cutaneous
lesions.

6.2.7. Case 14 — Ocular mucous membrane pemphigoid / endometrial cancer

A middle-aged woman was admitted to dermatological dispensary due to erosive lesions on
oral mucosa lasting for 2 years. She was treated by stomatologist, but without effect. Moreover,
due to involvement of conjunctivae two months earlier, she called the ophthalmologist, yet
the administered treatment seemed insufficient.

She was directed to dermatological ward for diagnostics. Her medical history was significant
for hysterectomy and adnexotomy with fistula and colon partial resection and transversosto‐
my due to endometrial adenocarcinoma infiltrating colon, causing recto-vaginal fistula (G2;
pT3aNx). She was planned for chemotherapy by gynaeco-oncologist. Her laboratory tests
showed increased sedimentation rate and increased antinuclear antibodies (ANA) titer. IIF on
monkey esophagus was negative for serum IgG autoantibodies against both desmosomal
proteins of keratinocyte and basement membrane antigens. DIF on oral mucous membrane
bioptate revealed scant linear C3 deposits along DEJ. Both clinical and immunopathological
findings supported the diagnosis of ocular MMP.
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6.2.8. Case 15 — Bullous pemphigoid / breast cancer

An elderly female with itchy bullous eruption on acral parts of the limbs visited the dermatolog‐
ical outpatient clinic. The lesions dated back four months and suggested BP. Her medical history
was significant for mastectomy due to breast cancer (infiltrating desmoplastic ductal and
intraductal carcinoma of intermediate grade of malignancy; G2 according to Bloom-Richard‐
son Grading System). DIF study of the perilesional skin sample revealed linear IgG4(+/-) and
C3(++) deposits along DEJ. IIF, on monkey esophagus as a substrate, revealed neither serum IgG
nor IgG4 antibodies against desmosomal proteins of keratinocytes and basement membrane
antigens. ELISA study defined serum anti-BP180 IgG level as >200 RU/ml (cut-off point 20 RU/
ml), yet serum anti-BP230 IgG level was normal – 3.182 RU/ml (cut-off point 20 RU/ml). With
molecular methods, the tentative clinical diagnosis of BP was confirmed. The patient re‐
mained in control of both dermatology and oncology outpatient clinics.

6.3. Discussion on MAABD cases

ABD can insidiously don the masks of other diseases imitating e.g. ulcerative carcinomas,
paronychia, eczema or pruritus. Generalized or localized, the eruption may remain disguised
for many months and years until the diagnosis is reached. In the light of contemporary data,
ABD circle shift in one patient by acquiring autoimmunity to new epitopes (via epitope spreading
or bystander effect) is possible. It should be concluded, that every circle is not a coherent group
of diseases, yet forms a continuum of autoimmune blistering dermatoses within autoimmune

Published in [21].

Figure 13. A. Blisters and their evolutionary lesions on urticarial skin on the flexural surface of a forearm. B. Eosinophil
major basic protein (MBP) deposits in lesional skin. Immunohistochemistry of subepidermal blister showing histologi‐
cal features of regeneration. C. DIF of perilesional skin: linear IgG1(+) deposits along DEJ. D. IIF on monkey esophagus:
IgG4 antibodies against epithelial basement membrane antigens.
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6.2.6. Case 13 — Bullous pemphigoid / prostate cancer
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multiorgan syndrome. The causative relation between ABD and cancer is difficult to establish,
as both malignancy and ABD develops and stay undiagnosed over some time period.

In review based on PubMed, Scopus and EMBASE literature data, SCC has been found
responsible of projection the majority of paraneoplastic syndromes, with pemphigus being
one of the commonest dermatological conditions among them [194]. Case 1 and 2 both
presented carcinoma planoepitheliale/SCC with PV. The latter entity, by imitating mucosal
neoplastic process, presumably confused the clinicist and elongated the onset-diagnosis
period. Interestingly, both cases showed recrudescence of their pemphigus lesions after
radiotherapy. It seems to be a common finding in ABD, thus supports the role of radiotrauma-
induced denudation of formerly hidden epitopes in disease pathogenesis. The issue of SCC
driving autoimmunity is still enigmatic, yet change in DSG profile promoting tumor cell
migration may play a role in autoaggresion [177]. Similar cases to abovementioned ones were
reported in literature [17,195]. As pseudomyxoma peritonei classification still causes contro‐
versy [196], the association between PF and ovarian/appendiceal tumor in case 3 is disputable.
Some researchers speculated on the role of HPV16 and bacteria in development of this tumor
of appendiceal origin [197,198]. A single case of PNP, breast tumor and pseudomyxoma
peritonei was mentioned in literature [53]. To our best knowledge, case 3 is the first report on
coexistence of these two conditions. The concomitance of exophytic thoracic SCC-tumor and
PF (case 4) seem to be well-defined, yet behavior of the patient is difficult to comprehend since
his stinky tumor was present for years. Apparently, his PF lesions finally prompted him to
seek dermatological advise, but not the tumor itself. Apart of that, the case 5 is no less
enigmatic. PV may imitate multiple conditions and it should be noted, that his lip lesion
(described correctly as SCC by general pathologist) coexisted at the same site with the lesion
of PV initially missed by general pathologist but diagnosed as such by cutaneous pathologist
by reevaluation of initial specimen. Both above cases are portrayal of suspicious association
of SCC preceding pemphigus, whereas case 5 features additionally shifting PV phenotype,
supposedly because of active long-term pathological autoimmunization syndrome involving
epitope spreading phenomenon. Case 5 was mentioned in literature [190]. CA19-9 marker is
tumor-associated, but not tumor-specific marker. It is used as a screening test for gastrointes‐
tinal adenocarcinomas (colorectal, hepatic, lung, ovarian carcinoma and few non-malignant
conditions), first of all for pancreatic cancer [199]. Association of PV with breast cancer (case
6) or potential gastrointestinal tract adenocarcinoma is disputable. The case may be considered
a model for post-cancer ABD eruption and stands as an evidence for strong need of regular
screening for malignancy in ABD patients. As far as case 7 is concerned, once again we find it
questionable whether excised nasal/labial tumor was assessed properly as a cancerous or was
it just a limited exophytic lesion heralding PF – chancre of pemphigus [200]. There is limited
data concerning SCC, second commonest skin cancer coexistent with PF [201]. The negative
correlation between DSG1 expression and degree of dysplasia in SCC is an interesting issue
indicating contribution of desmosomal adhesion glycoproteins in cancerogenesis [202].

BP tends to manifest in natural and iatrogenic orifices featured by transient epithelium (e.g.
iatrogenic – the scar or the stomy site) (case 8). It seems coherent that malignant tumor causing
pathological immunization triggered the onset of BP. It was suggested that BP may be
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secondary to surgical procedures exposing sequestered antigens of colon mucosa (particularly
BP180) [185,203–206]. The case is a hallmark of literature data [191–193]. As pemphigus and
pemphigoid may occur as a paraneoplastic syndrome accompanying malignant tumor, it
might be reasonable to form an online national registry of patients with ABD. Case 9 was
included to visualize that need. Although both ABD may not contain “paraneoplastic”
attribute, it is highly advisable to monitor all the patients with all ABD as group of high risk
of developing malignancy [16]. There is scant data on coexistence of MMP and Hodgkin
lymphoma (case 10) [207,208]. Moreover, the association between pemphigoid and non-
Hodgkin lymphoma may seem to be better exemplified [19,209,210]. Nonetheless, each
malignant lymphoproliferation may lead to impairment of immunological mechanisms via
the change of antigen suit, cytokine production, distorted antibody production and abnormal
cytokine production affecting many molecular pathways, both known and unknown. As far
as case 11 is concerned, practising dermatologist, perhaps suspecting Cottini form of DH,
obtained skin sample for DIF from lesion-free gluteal region (Fig. 11A). However, that area
should be regarded as non-optimal for diagnosing that form of DH with DIF [211]. Luckily,
BP-indicative deposits of immunoreactants were present at both lesion-free and perilesional
sites. The link between malignancy and pemphigoid in case 11 may be multi-sided. Both renal
and prostate cancer might be suspicious of contribution to autoaggression
[23,67,71,180,212,213] and the role of radiotherapy should not be considered irrelevant. Renal
cancer elicits paraneoplastic syndromes in 40% of patients, although dermatological manifes‐
tations seem to be extremely rare [70]. Cancerous lung involvement in BP (as in case 12) was
previously reported [34], yet pulmonary cancer seems to be more PV-associated. The cessation
of hormonal treatment seemed to trigger BP as a symptom of recurrence of prostate malignancy
(case 13) [21]. BP and prostate adenocarcinoma might be interrelated by BP180 issue. It was
observed, that prostatic malignant tumors may lack of hemidesmosomal structures – BP180
and less commonly BP230 [180]. Abnormal composition of detectable basement membrane
antigens participating in multiple molecular pathways may disbalance mechanisms of self-
tolerance consequently stimulating the pathological autoimmunity. Induction of pemphigoid
by trauma (in case 14 – by hysterectomy with partial colon resection), as reported in literature
[214], may seem a reasonable explanation. There is one similar report on anti-laminin-332 MMP
presumably associated with endometrial carcinoma [215]. BP in case 15 may be regarded
secondary to breast cancer. It may be possible, that the distortion of cell cohesion in neoplastic
cells leads to exposing normally hidden antigens or new epitopes are recognized by the
immunocompetent cells. There are reports mentioning overlapped breast cancer and BP
[20,84] as well as reports describing the evoking of autoimmune blistering dermatosis after
breast radiotherapy [216–218], that may change antigenicity of the malignant cells.

Cancer research gives molecular evidence for tumor genetic instability. Vast array of unique
tumor-specific neoantigens are presented on tumor's MHC molecules. Their recognition by T-
cells could induce anti-tumor immunity [219]. Antibody-assisted defense against tumor may
explain the fact of spontaneous cancer remissions. The other side of the coin may be the
autoimmunity caused by unspecific tumor antigens, that are displayed in many tissues being
easily accessible for T-cells. Hypothetically, some ABD might be really MAABD with tumor
eradicated in early phase.
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7. Conclusion

The diversity of ABD results from diversity of recognizable epitopes of adhesive, desmosomal,
hemidesmosomal and basement membrane antigens that interact playing complicated role in
securing tissue integrity, intercellular communication and skin growth. Aberrant adhesive
molecule expression via epitope spreading, bystander effect and various signaling pathways,
may contribute to increased risk of developing cancer and its further prognosis. The altered
expression of adhesion complex molecules is thought to be vital for carcinoma motility and
invasion. The conjunction of malignancy and ABD phenomenon still remains an area of interest
of researchers worldwide, as it may benefit in development of more specific diagnostic tests
and precise therapeutic strategies.

Concomitance of malignancy and these serious clinical conditions may dramatically decrease
the patient survivorship. The wise clinician ought to trace potential malignancy in each and
every one of the patients with ABD, regardless of deceptive lack of "paraneoplastic" epithet in
the currently used misleading nosology for majority of those dermatoses, as such an associa‐
tion between those two groups of entities, was demonstrated not to be rare. Therefore, the
diagnosis of ABD should be followed not only by screening, but also monitoring/periodical
checking for malignancies. Moreover, the replacement of indiscriminate immunosuppressive
therapy by individualized targeted therapy should be recommended. There is burning need
for awareness of such coexistence also among oncologic patients, as ADB may herald the
recurrence of malignancy.

Author details

Paweł Pietkiewicz, Justyna Gornowicz-Porowska, Monika Bowszyc-Dmochowska and
Marian Dmochowski

*Address all correspondence to: mkdmoch@wp.pl

Cutaneous Histopathology and Immunopathology Section, Department of Dermatology,
Poznan University of Medical Sciences, Poznań, Poland

We dedicate this work to our patients suffering from malignancy concomitant with autoim‐
mune blistering dermatosis

References

[1] Dmochowski M. Autoimmunizacyjne dermatozy pecherzowe. Poznań: Wydawnict‐
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1. Introduction

Ultraviolet radiation (UVR) has been identified as the primary etiologic agent for the induction
and promotion of most skin cancers. The first associations between solar UVR and skin cancer
were acknowledged by the scientific community in 1927. Since then, increasing evidence for
the role of UVR in the causation of skin cancer has resulted in the listing of solar and artificial
UVR as a human carcinogen by the International Agency for Research on Cancer (IARC) in
1992. Broad spectrum (UVA and UVB) UVR was categorized as a human carcinogen by the
National Toxicology Program in 2005. UVR from the sun causes approximately 90% of
malignant melanomas and non-melanoma (basal cell carcinoma [BCC] and squamous cell
carcinoma [SCC]) skin cancers [1]. The non-melanoma skin cancers make up one third of all
cancers around the world [2]. According to the National Cancer Institute, in the United States
melanoma has one of the fastest increasing incidence rates. It is estimated that more than two
million new cases of skin cancer will be diagnosed in 2012 [3-5]. Prevention of skin cancer is
possible since UVR is known to be the central causative agent. National educational programs
have emerged globally to deliver the message that unprotected sun exposure increases the risk
for developing skin cancer, and present multiple behaviors that when followed together reduce
the risk of photocarcinogenesis.

The goal of this chapter is to present a variety of skin cancer prevention strategies in the context
of existing scientific knowledge on photocarcinogenesis. The connection between UVR
exposure and skin cancer has been shown in numerous epidemiological, in-vivo, and in-vitro
studies. Health professionals and government agencies have been communicating the dangers
of UV exposure and the benefits of adopting primary and secondary prevention practices to
lessen skin cancer incidence and mortality [1, 6]. Primary prevention strategies to protect
against skin cancer are to wear broad spectrum sunscreen, seek shade, avoid the outdoors
during peak daytime hours, and to wear protective clothing. Intentional UVR exposure for the
purpose of tanning (indoor or outdoor) or stimulation of vitamin D synthesis is strongly
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discouraged. There is scientific evidence that indicates oral and topical supplementation with
antioxidants, vitamins, and phytochemicals is beneficial for chemoprevention. Secondary
prevention for skin cancer is performing periodic examinations of the skin for suspicious
growths, and having dangerous-looking growths excised by a dermatologist. Practicing a
combination of these skin cancer prevention strategies will reduce the risk of skin cancer.

2. Photocarcinogenesis

Solar UVR is composed of UVA (320-400 nm), UVB (290-320 nm), and UVC (200-290 nm). The
atmospheric ozone layer inhibits all UVC and some UVB from reaching the surface of the Earth.
The composition of UVR that reaches humans is approximately 95% UVA and 5% UVB,
depending on factors such as cloud coverage, weather, thickness of the ozone layer, and
latitude. UVA can penetrate deep into the dermis, while most UVB is absorbed by the stratum
corneum in the epidermis but some passes into the upper dermis [7]. Human skin has evolved
protective mechanisms against solar UVR. Melanocytes produce melanin that absorbs and
scatters light in the lower epidermis [8]. The stratum corneum scatters UV light, and stratum
corneum, spinosum, and basale can absorb UV light. Endogenously produced antioxidants
and DNA repair enzymes protect skin cells from the damaging effects of UVR [9, 10].

Irradiation of the skin with UV damages the tissue and cellular components, and contrib‐
utes to skin aging and carcinogenesis.  The characteristic  adverse effects  of  UVB include
sunburn,  inflammation,  immunosuppression,  erythema,  and  DNA  damage.  UVA  expo‐
sure is  primarily associated with the generation of  reactive oxygen species  (ROS),  some
oxidative DNA damage, cell membrane oxidation, and can result in immunosuppression.
UVA  indirectly  causes  oxidative  DNA  damage  through  the  generation  of  ROS.  The
oxidation of guanine bases to 8-hydroxy-2’deoxyguanine (8-OH-dG) is primarily associat‐
ed with UVA irradiation. UVB can induce oxidative stress indirectly through the activa‐
tion  of  the  inflammatory  cells.  Signature  mutagenic  DNA  lesions  caused  by  UVB
consistently found in skin cancers are cyclobutane pryimidine dimers (CPD), pyrimidine-
(6-4)-pyrimidine  photoproducts,  and  C  →  T  transitions  [6,  7,  11-16].  Signature  UVB
mutations, CPDs and G:C → A:T transitions, have been found to localize in the superfi‐
cial  epithelial  layers  of  human SCC samples,  while  signature UVA mutations,  8-OH-dG
and A:T → C:G transversions, localized in the basal layers [15]. This distribution of DNA
lesions is consistent with knowledge that UVA penetration into the skin is deeper than UVB
penetration. Signature gene mutations found in skin cancers are those of tumor protein 53
(p53) tumor suppressor gene and proto-oncogene B-raf. Mutations to p53 are particularly
detrimental because p53 plays a central role in pausing the cell cycle to allow time for DNA
repair [2, 13].  UVR exposure can induce signal transduction pathways, such as mitogen-
activated protein kinase (MAPK) and activation of transcription factor AP-1 that regulate
cell growth, differentiation, apoptosis, and production of pro-inflammatory cytokines [17].

Inappropriate cell proliferation and survival contributes to carcinogenesis. Severely damaged
DNA that cannot be repaired triggers skin cells to undergo apoptosis. Cells that survive the
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damage could carry mutations if the repair was not carried out perfectly [18]. There is a greater
tendency for damaged keratinocytes to undergo apoptosis than damaged melanocytes,
possibly to preserve melanin-producing cells for photoprotection [19]. In addition to genotoxic
effects, UVB exposure increases cell proliferation as is observed in animal models where
hyperproliferation of the epidermis and inflammation are the result of prostaglandin and
epidermal growth factor receptor activation by UVB [9].

UV exposure causes immunosuppression that promotes the development of skin cancer
because the immune system is less likely to detect and eliminate cancer cells. UVA and UVB
separately can suppress cutaneous immune responses in humans, and the magnitude of
immunosuppression is greater when they are combined [20]. UVR induces physical alterations
to cell surface proteins in the epidermis. These structural changes create neoantigens that
would be attacked by the immune system. It is believed that the human adaptive immune
system has evolved such that recognition of antigens is suppressed by UVR, thus reducing the
risk of auto-sensitization. Langerhans cells, the antigen presenting cells of the skin, migrate
out of the epidermis to local lymph nodes for several days after UV exposure [18]. The
Langerhans cells activate T helper type 2 cells, which suppress immune reactions by releasing
immunosuppressive cytokines [13, 21]. The downside to this mechanism is that cancer
detection capabilities are suppressed in addition to autoimmune reactions [18].

UVR is  considered to be a complete carcinogen since it  can induce tumor formation by
itself, and both UVA and UVB contribute to skin carcinogenesis. Since UVB is a more potent
and direct inducer of DNA damage than UVA, it is thought to play more of a role in the
initiation  stage  of  tumorigenesis  while  the  effects  of  UVA  are  thought  to  promote  the
development of  the tumor [7].  UVR can be coupled with other  chemical  carcinogens to
promote tumor development. The combination of solar UV and sodium arsenite causes SCC
in mice, but sodium arsenite alone cannot cause SCC. This is an example of how UVR can
act as a cocarcinogen [22].

3. Susceptibility factors for UV-induced skin damage and cancer

Relative endogenous protection capacity against UVR is a major factor in determining
susceptibility to skin cancer. Individual differences in skin pigmentation, DNA repair,
endogenous antioxidant levels, and impact the biological response to UVR [17]. The Fitzpatrick
skin type (FST) was created in the 1970s as a method to classify people by the intensity of their
erythema response to UVR. It can be used to predict response and susceptibility to skin cancer
since lighter-skinned individuals with low FST tend to be more sensitive to UVR than darker-
skinned individuals with high FST. There are six FSTs, with FST I being the most sensitive to
sunlight and FST VI being the least sensitive. People that are FST I have white skin, may have
freckles, blue or green-colored eyes, and red hair. People that are FST VI have black skin and
hair, dark-brown eyes, and rarely experience sunburn [8]. Constitutive skin color should not
be confused with FST because FST is based on the biological response not ethnicity [23]. It is
no coincidence that the highest incidence rates of non-melanoma skin cancer are found in

Skin Cancer Prevention Strategies
http://dx.doi.org/10.5772/55241

213



discouraged. There is scientific evidence that indicates oral and topical supplementation with
antioxidants, vitamins, and phytochemicals is beneficial for chemoprevention. Secondary
prevention for skin cancer is performing periodic examinations of the skin for suspicious
growths, and having dangerous-looking growths excised by a dermatologist. Practicing a
combination of these skin cancer prevention strategies will reduce the risk of skin cancer.

2. Photocarcinogenesis

Solar UVR is composed of UVA (320-400 nm), UVB (290-320 nm), and UVC (200-290 nm). The
atmospheric ozone layer inhibits all UVC and some UVB from reaching the surface of the Earth.
The composition of UVR that reaches humans is approximately 95% UVA and 5% UVB,
depending on factors such as cloud coverage, weather, thickness of the ozone layer, and
latitude. UVA can penetrate deep into the dermis, while most UVB is absorbed by the stratum
corneum in the epidermis but some passes into the upper dermis [7]. Human skin has evolved
protective mechanisms against solar UVR. Melanocytes produce melanin that absorbs and
scatters light in the lower epidermis [8]. The stratum corneum scatters UV light, and stratum
corneum, spinosum, and basale can absorb UV light. Endogenously produced antioxidants
and DNA repair enzymes protect skin cells from the damaging effects of UVR [9, 10].

Irradiation of the skin with UV damages the tissue and cellular components, and contrib‐
utes to skin aging and carcinogenesis.  The characteristic  adverse effects  of  UVB include
sunburn,  inflammation,  immunosuppression,  erythema,  and  DNA  damage.  UVA  expo‐
sure is  primarily associated with the generation of  reactive oxygen species  (ROS),  some
oxidative DNA damage, cell membrane oxidation, and can result in immunosuppression.
UVA  indirectly  causes  oxidative  DNA  damage  through  the  generation  of  ROS.  The
oxidation of guanine bases to 8-hydroxy-2’deoxyguanine (8-OH-dG) is primarily associat‐
ed with UVA irradiation. UVB can induce oxidative stress indirectly through the activa‐
tion  of  the  inflammatory  cells.  Signature  mutagenic  DNA  lesions  caused  by  UVB
consistently found in skin cancers are cyclobutane pryimidine dimers (CPD), pyrimidine-
(6-4)-pyrimidine  photoproducts,  and  C  →  T  transitions  [6,  7,  11-16].  Signature  UVB
mutations, CPDs and G:C → A:T transitions, have been found to localize in the superfi‐
cial  epithelial  layers  of  human SCC samples,  while  signature UVA mutations,  8-OH-dG
and A:T → C:G transversions, localized in the basal layers [15]. This distribution of DNA
lesions is consistent with knowledge that UVA penetration into the skin is deeper than UVB
penetration. Signature gene mutations found in skin cancers are those of tumor protein 53
(p53) tumor suppressor gene and proto-oncogene B-raf. Mutations to p53 are particularly
detrimental because p53 plays a central role in pausing the cell cycle to allow time for DNA
repair [2, 13].  UVR exposure can induce signal transduction pathways, such as mitogen-
activated protein kinase (MAPK) and activation of transcription factor AP-1 that regulate
cell growth, differentiation, apoptosis, and production of pro-inflammatory cytokines [17].

Inappropriate cell proliferation and survival contributes to carcinogenesis. Severely damaged
DNA that cannot be repaired triggers skin cells to undergo apoptosis. Cells that survive the
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damage could carry mutations if the repair was not carried out perfectly [18]. There is a greater
tendency for damaged keratinocytes to undergo apoptosis than damaged melanocytes,
possibly to preserve melanin-producing cells for photoprotection [19]. In addition to genotoxic
effects, UVB exposure increases cell proliferation as is observed in animal models where
hyperproliferation of the epidermis and inflammation are the result of prostaglandin and
epidermal growth factor receptor activation by UVB [9].

UV exposure causes immunosuppression that promotes the development of skin cancer
because the immune system is less likely to detect and eliminate cancer cells. UVA and UVB
separately can suppress cutaneous immune responses in humans, and the magnitude of
immunosuppression is greater when they are combined [20]. UVR induces physical alterations
to cell surface proteins in the epidermis. These structural changes create neoantigens that
would be attacked by the immune system. It is believed that the human adaptive immune
system has evolved such that recognition of antigens is suppressed by UVR, thus reducing the
risk of auto-sensitization. Langerhans cells, the antigen presenting cells of the skin, migrate
out of the epidermis to local lymph nodes for several days after UV exposure [18]. The
Langerhans cells activate T helper type 2 cells, which suppress immune reactions by releasing
immunosuppressive cytokines [13, 21]. The downside to this mechanism is that cancer
detection capabilities are suppressed in addition to autoimmune reactions [18].

UVR is  considered to be a complete carcinogen since it  can induce tumor formation by
itself, and both UVA and UVB contribute to skin carcinogenesis. Since UVB is a more potent
and direct inducer of DNA damage than UVA, it is thought to play more of a role in the
initiation  stage  of  tumorigenesis  while  the  effects  of  UVA  are  thought  to  promote  the
development of  the tumor [7].  UVR can be coupled with other  chemical  carcinogens to
promote tumor development. The combination of solar UV and sodium arsenite causes SCC
in mice, but sodium arsenite alone cannot cause SCC. This is an example of how UVR can
act as a cocarcinogen [22].

3. Susceptibility factors for UV-induced skin damage and cancer

Relative endogenous protection capacity against UVR is a major factor in determining
susceptibility to skin cancer. Individual differences in skin pigmentation, DNA repair,
endogenous antioxidant levels, and impact the biological response to UVR [17]. The Fitzpatrick
skin type (FST) was created in the 1970s as a method to classify people by the intensity of their
erythema response to UVR. It can be used to predict response and susceptibility to skin cancer
since lighter-skinned individuals with low FST tend to be more sensitive to UVR than darker-
skinned individuals with high FST. There are six FSTs, with FST I being the most sensitive to
sunlight and FST VI being the least sensitive. People that are FST I have white skin, may have
freckles, blue or green-colored eyes, and red hair. People that are FST VI have black skin and
hair, dark-brown eyes, and rarely experience sunburn [8]. Constitutive skin color should not
be confused with FST because FST is based on the biological response not ethnicity [23]. It is
no coincidence that the highest incidence rates of non-melanoma skin cancer are found in
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regions with light-skinned populations such as Australia, Switzerland, and Ireland [2], and
that the highest registered incidence of melanoma is found in Australia (Geller et.al, 2012).
There is a 20 times greater incidence of malignant melanoma in Caucasians than in African-
Americans in the United States [19]. One reason for this difference is that darkly pigmented
skin responds to UVR differently than light pigmented skin. In African-Americans, DNA
damage is not prominent below the epidermis, and damaged skin cells are more likely to
undergo apoptosis. It is believed that the melanin in more highly pigmented individuals
provides a higher level of protection than in light skinned individuals. By absorbing UV light,
melanin is protective, but it is not enough to give 100% protection, so more highly pigmented
people are still prone to UV-induced skin damage and can still get skin cancer [23].

The effects of UV damage on the skin are cumulative. The total number of severe sunburn
incidences and lifetime dose of UVR are important factors to consider when determining skin
cancer susceptibility. Outdoor workers have a greater risk of developing SCC than indoor
workers because their skin experiences chronic irradiation with solar UV. Spending long
periods of time outdoors for recreational purposes is associated with increased risk of
melanoma [17]. Major risk factors for developing melanoma are the number of nevi and
number sunburns experienced during childhood and adolescence [6, 17].

4. Photoprotective behaviors

Acute UVR exposure has deleterious effects on the skin, and contributes to the cumulative
effects of lifetime UV exposure. Cellular damage and DNA mutations caused by UVR, if not
repaired, can accumulate in the skin and contribute to skin aging and increase skin cancer risk.
Melanomas typically develop in areas of the skin that are occasionally exposed to sunlight,
while non-melanomas tend to develop in areas of the skin that are frequently exposed to
sunlight [19]. Therefore, it is important to protect all areas of skin from UVR by practicing a
combination of photoprotective behaviors. The most common form of sun protection that
comes to mind is sunscreen, but it is not the only method. Comprehensive sun protection
programs endorsed by healthcare professionals include the use of broad spectrum sunscreen,
wearing protective clothing, staying in the shade and limiting sun exposure especially at times
of peak intensity (10am-2pm), and avoiding indoor tanning devices [8, 9, 24]. Sand, water, and
snow reflect UV rays, so protective measures should be taken seriously when in these
environments[19]. These core photoprotective methods should be followed by all people
regardless of skin color and FST, and especially followed by susceptible populations. However,
only 60.6% of adults surveyed in the United States in 2010 reported that they usually or always
follow at least one photoprotective behavior when spending time outdoors [25].

Wearing protective clothing means that the clothing should be a physical barrier to sunlight,
and should cover as much of the body as possible.  Protective clothing includes wearing
long pants or a long skirt,  and long sleeves. Hats that shade the face, neck and ears are
part of protective clothing. Most men wear a baseball cap for protection, but these caps do
not shade the face, neck, and ears as well as a wide-brimmed hat that offers more coverage
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[25]. Sunglasses also fall under protective clothing as they protect the eyes and areas around
the eyes from UVR and reduce the risk of developing ocular melanoma. The best protec‐
tion against solar UVR would be obtained by through a combination of protective cloth‐
ing and sunscreen [26].

Consumers are advised to select sunscreens that offer broad spectrum (UVA and UVB)
protection with a sun protective factor (SPF) of 15 or greater by the United States Food and
Drug Administration (FDA) [1]. Sunscreens are applied directly onto the skin and they reduce
UVR penetration by reflection or absorption [9]. Broad spectrum sunscreens can protect
against UV-induced erythema and immunosuppression [21]. Sunscreen use is a method of
chemoprevention, meaning it can suppress or prevent the progression of premalignant skin
lesions into cancer [19]. Sunscreen with SPF of 15 or greater reduces skin cancer risk, and
prevents both melanoma and non-melanoma skin cancers [24]. The amount of protection is
related to the SPF level and the amount of sunscreen applied. Lower SPF sunscreens are less
effective, especially when applied inadequately, than higher SPF sunscreens [27].

Consistent daily application of sunscreen is especially recommended for individuals who are
more susceptible to developing melanoma [19]. Consistent long-term daily application of
broad spectrum sunscreen to the head and arms was shown to decrease the incidence of
malignant melanoma compared to discretionary sunscreen use in a randomized controlled
prospective study of Australians [28]. Fewer melanocytic nevi develop on Caucasian children
who routinely used SPF 30 broad spectrum sunscreen when going outdoors for more than 30
minutes than children who do not use sunscreen [29]. Sunscreen itself is safe and does not
increase the risk of skin cancer. Meta-analysis of 11 case-control studies did not find an
association between sunscreen use and increased risk of developing melanoma [30]. Some
studies have reported an association between topical sunscreen use and melanoma, but this
relationship is probably connected to inappropriate and compensatory use of sunscreen.

The compensation hypothesis is that people tend to wear less protective clothing and/or
prolong the amount of time spent in the sun when they use higher SPF sunscreens. This
compensatory behavior actually defeats the purpose of using sunscreen, and it increases risk
of skin cancer because the risk of sunburn is increased [1, 17, 24]. In an observational study of
European sunbathers, it was found that the duration of time spent sunbathing was up to 25%
longer for those who used SPF 30 than those who used SPF 10 [31]. Sunscreen is meant to be
used as an adjunct to other methods of photoprotection and not to extend the amount of
intentional sun exposure time. Consumers generally have a false sense of security when
wearing high SPF sunscreens, especially those of SPF of 50 and greater, and they often forgo
other methods of photoprotection, such as wearing protective clothing. Interestingly, the
consumers who wear sunscreen and spend more time sunbathing are generally those who are
more sensitive to UVR. This likely explains why the incidence of melanoma continues to
increase despite more people wearing sunscreen [26].

Another behavior that compromises the effectiveness of sunscreen is inadequate sunscreen
application thickness. Sunscreen accumulates in fissures on the skin, so it is necessary to apply
enough product to fill in the fissures and to fully cover epidermal ridges [32]. Most consumers
apply sunscreen below the standard thickness used for the international SPF test, which is 2
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regions with light-skinned populations such as Australia, Switzerland, and Ireland [2], and
that the highest registered incidence of melanoma is found in Australia (Geller et.al, 2012).
There is a 20 times greater incidence of malignant melanoma in Caucasians than in African-
Americans in the United States [19]. One reason for this difference is that darkly pigmented
skin responds to UVR differently than light pigmented skin. In African-Americans, DNA
damage is not prominent below the epidermis, and damaged skin cells are more likely to
undergo apoptosis. It is believed that the melanin in more highly pigmented individuals
provides a higher level of protection than in light skinned individuals. By absorbing UV light,
melanin is protective, but it is not enough to give 100% protection, so more highly pigmented
people are still prone to UV-induced skin damage and can still get skin cancer [23].

The effects of UV damage on the skin are cumulative. The total number of severe sunburn
incidences and lifetime dose of UVR are important factors to consider when determining skin
cancer susceptibility. Outdoor workers have a greater risk of developing SCC than indoor
workers because their skin experiences chronic irradiation with solar UV. Spending long
periods of time outdoors for recreational purposes is associated with increased risk of
melanoma [17]. Major risk factors for developing melanoma are the number of nevi and
number sunburns experienced during childhood and adolescence [6, 17].

4. Photoprotective behaviors

Acute UVR exposure has deleterious effects on the skin, and contributes to the cumulative
effects of lifetime UV exposure. Cellular damage and DNA mutations caused by UVR, if not
repaired, can accumulate in the skin and contribute to skin aging and increase skin cancer risk.
Melanomas typically develop in areas of the skin that are occasionally exposed to sunlight,
while non-melanomas tend to develop in areas of the skin that are frequently exposed to
sunlight [19]. Therefore, it is important to protect all areas of skin from UVR by practicing a
combination of photoprotective behaviors. The most common form of sun protection that
comes to mind is sunscreen, but it is not the only method. Comprehensive sun protection
programs endorsed by healthcare professionals include the use of broad spectrum sunscreen,
wearing protective clothing, staying in the shade and limiting sun exposure especially at times
of peak intensity (10am-2pm), and avoiding indoor tanning devices [8, 9, 24]. Sand, water, and
snow reflect UV rays, so protective measures should be taken seriously when in these
environments[19]. These core photoprotective methods should be followed by all people
regardless of skin color and FST, and especially followed by susceptible populations. However,
only 60.6% of adults surveyed in the United States in 2010 reported that they usually or always
follow at least one photoprotective behavior when spending time outdoors [25].

Wearing protective clothing means that the clothing should be a physical barrier to sunlight,
and should cover as much of the body as possible.  Protective clothing includes wearing
long pants or a long skirt,  and long sleeves. Hats that shade the face, neck and ears are
part of protective clothing. Most men wear a baseball cap for protection, but these caps do
not shade the face, neck, and ears as well as a wide-brimmed hat that offers more coverage
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[25]. Sunglasses also fall under protective clothing as they protect the eyes and areas around
the eyes from UVR and reduce the risk of developing ocular melanoma. The best protec‐
tion against solar UVR would be obtained by through a combination of protective cloth‐
ing and sunscreen [26].

Consumers are advised to select sunscreens that offer broad spectrum (UVA and UVB)
protection with a sun protective factor (SPF) of 15 or greater by the United States Food and
Drug Administration (FDA) [1]. Sunscreens are applied directly onto the skin and they reduce
UVR penetration by reflection or absorption [9]. Broad spectrum sunscreens can protect
against UV-induced erythema and immunosuppression [21]. Sunscreen use is a method of
chemoprevention, meaning it can suppress or prevent the progression of premalignant skin
lesions into cancer [19]. Sunscreen with SPF of 15 or greater reduces skin cancer risk, and
prevents both melanoma and non-melanoma skin cancers [24]. The amount of protection is
related to the SPF level and the amount of sunscreen applied. Lower SPF sunscreens are less
effective, especially when applied inadequately, than higher SPF sunscreens [27].

Consistent daily application of sunscreen is especially recommended for individuals who are
more susceptible to developing melanoma [19]. Consistent long-term daily application of
broad spectrum sunscreen to the head and arms was shown to decrease the incidence of
malignant melanoma compared to discretionary sunscreen use in a randomized controlled
prospective study of Australians [28]. Fewer melanocytic nevi develop on Caucasian children
who routinely used SPF 30 broad spectrum sunscreen when going outdoors for more than 30
minutes than children who do not use sunscreen [29]. Sunscreen itself is safe and does not
increase the risk of skin cancer. Meta-analysis of 11 case-control studies did not find an
association between sunscreen use and increased risk of developing melanoma [30]. Some
studies have reported an association between topical sunscreen use and melanoma, but this
relationship is probably connected to inappropriate and compensatory use of sunscreen.

The compensation hypothesis is that people tend to wear less protective clothing and/or
prolong the amount of time spent in the sun when they use higher SPF sunscreens. This
compensatory behavior actually defeats the purpose of using sunscreen, and it increases risk
of skin cancer because the risk of sunburn is increased [1, 17, 24]. In an observational study of
European sunbathers, it was found that the duration of time spent sunbathing was up to 25%
longer for those who used SPF 30 than those who used SPF 10 [31]. Sunscreen is meant to be
used as an adjunct to other methods of photoprotection and not to extend the amount of
intentional sun exposure time. Consumers generally have a false sense of security when
wearing high SPF sunscreens, especially those of SPF of 50 and greater, and they often forgo
other methods of photoprotection, such as wearing protective clothing. Interestingly, the
consumers who wear sunscreen and spend more time sunbathing are generally those who are
more sensitive to UVR. This likely explains why the incidence of melanoma continues to
increase despite more people wearing sunscreen [26].

Another behavior that compromises the effectiveness of sunscreen is inadequate sunscreen
application thickness. Sunscreen accumulates in fissures on the skin, so it is necessary to apply
enough product to fill in the fissures and to fully cover epidermal ridges [32]. Most consumers
apply sunscreen below the standard thickness used for the international SPF test, which is 2
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mg/cm2 [1]. Consumers apply between 0.5 and 1.2 mg/cm2 sunscreen and consequently do not
receive the expected amount of sun protection. The actual SPF of the sunscreen can be
decreased by 20-50% compared to the rated SPF when it is applied improperly [19, 27, 32]. The
reduction of actual SPF as a function of application thickness was recently demonstrated
during a study in which Chinese women applied SPF 4,15, 30, or 55 sunscreen at 0.5, 1, 1.5, or
2 mg/cm2. The actual SPF was calculated for each individual after exposure to solar simulated
UVR. It was determined that at the standard application thickness of 2 mg/cm2 the observed
SPF was similar to the rated SPF. However, as application thickness decreased there was an
observed linear decrease in actual SPF for SPF 4 and 15 sunscreens, and an exponential decrease
in the actual SPF for the SPF 30 and 55 sunscreens [27]. Inadequate application of lower SPF
sunscreens may put consumers at greater risk of sunburn and skin cancer than inadequate
application of higher SPF sunscreens.

To compensate for inadequate application thickness, the American Academy of Dermatol‐
ogy recommends using a minimum of SPF 30 sunscreen, which is higher than the FDA’s
recommendation of 15. High SPF sunscreen should especially be used when going outdoors
on days when the UV index is predicted to be high and there is greater risk of overexpo‐
sure. Spending even 45 minutes outdoors unprotected on a day of moderate UV index value
can  cause  skin  damage  [33].  One  application  of  sunscreen  may  not  be  enough  if  an
individual stays outdoors for long periods of time and/or is involved in activities that cause
the skin to perspire or get wet.

Proper use of sunscreen includes reapplication every two hours, and more frequently when
sweating, swimming, or towel drying [24]. It is important to reapply sunscreen because the
active components may become unstable and lose activity during exposure to sunlight [27].
The FDA does not currently require a photostability test for sunscreens [1]. The duration of
water resistance is limited, so water resistant sunscreens need to be reapplied frequently when
swimming or sweating [24]. It is required by USFDA monograph that the duration of water
resistance (40 or 80 minutes) be indicated on the label to instruct consumers about when they
should reapply the sunscreen [1]. Spray on sunscreen is thought to be less effective than
traditional sunscreens because it is not rubbed directly onto the skin. The FDA is currently
investigating the effectiveness of spray on sunscreens, and is performing inhalation safety
testing as well [24].

Indoor tanning is a popular alternative to natural tanning because it can be done at any
time of the year, but it is actually very dangerous because the skin is intentionally exposed
to intense UVR repeatedly over short periods of time. Tanning bulbs emit predominantly
UVA, which is known to cause high levels of oxidative stress in the skin and contribute to
greater  risk  of  melanoma  [26].  They  also  emit  a  small  amount  of  UVB  that  primarily
damages the DNA in skin cells during indoor tanning sessions. Artificial UVR from indoor
tanning equipment is considered to be carcinogenic along with solar UVR, yet approximate‐
ly 28 million people expose themselves to it annually in the United States [34].The likelihood
of developing SCC is 2.5 times greater for people who use tanning beds,  and the likeli‐
hood of developing BCC is 1.5 times greater [35]. Individuals who have ever used tanning
beds have a 15% greater risk of developing melanoma than individuals who have never
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been in a tanning bed [19]. The age at which people start using indoor tanning technolo‐
gies  is  a  risk  factor  for  developing skin  cancer  as  well.  The  lifetime risk  of  developing
melanoma is 75% higher in people who first use indoor tanning beds before the age of 35
[35].  Younger  people  have  a  greater  tendency  to  use  indoor  tanning  devices,  possibly
because of the social perception that having a tan is attractive. More people between the
ages of 18-24 used indoor tanning devices than people over the age of 25 in 2010. In both
age groups, females exposed themselves to artificial UVR to obtain a tan more than males
did. Most of these adults were non-Hispanic whites [25]. The high skin cancer risk associated
with indoor tanning coupled with the addictiveness of the behavior has caused many states
in the U.S. to pass laws restricting the use of indoor tanning devices by minors in 2012 [19].

Consumers should be aware of their skin’s reaction to sunlight when they are outdoors, and
take appropriate action when noticing adverse reactions to sun exposure. Regardless of
sunscreen application and whether sun exposure is intentional or unintentional, if the skin
becomes red (indicative of cellular damage) and uncomfortable at any time it is prudent to
immediately find shade and put on protective clothing [26]. Parents should be vigilant of signs
of redness in their childrens’ skin as well. Infants and children should be kept in the shade out
of direct sunlight [2]. Self-examination of skin for suspicious growths and nevi is also recom‐
mended for early detection of skin cancer [2, 17].

5. Chemoprevention with topical and dietary antioxidants,
phytochemicals, and vitamin supplementation

Chemoprevention is the use of natural or synthetic agents to prevent or reverse the develop‐
ment of cancer [21]. Sunscreen use is considered a form of chemoprevention because it contains
compounds, such as avobenzone and octyl salicylate, that inhibit UVR from damaging the
skin. Supplementation of sunscreens with various phytochemicals and antioxidants has been
shown to improve the function of sunscreens in preventing photodamage [13]. Oral intake of
certain vitamins, antioxidants, and plant extracts can provide systemic protection as well.

A diet rich in fruits and vegetables has generally been associated with lowering the risk of
a variety of diseases and cancers, including skin cancer. Regular consumption of fruits and
vegetables was associated with a decreased risk of SCC in a dietary study of 1360 adults
in Nambour, Australia. In this study it was also found that a diet high in meat and fat was
positively associated with the development of SCC but not BCC [36].  Fruits and vegeta‐
bles  contain  bioactive  phytochemicals,  such as  flavonoids,  polyphenols  and carotenoids.
These  compounds  can  boost  antioxidant  and  immune  system  defenses  in  the  body,
including in the skin [37]. Carotenoids and flavonoids naturally protect plants from solar
UVR, and consumption of these phytochemicals can provide systemic photoprotection for
humans [8]. Polyphenols from tea have been shown to protect against UVB-induced contact
sensitization, inflammation, carcinogen-induced cancer of the skin, lung, and esophagus in
rodent models [37].
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mg/cm2 [1]. Consumers apply between 0.5 and 1.2 mg/cm2 sunscreen and consequently do not
receive the expected amount of sun protection. The actual SPF of the sunscreen can be
decreased by 20-50% compared to the rated SPF when it is applied improperly [19, 27, 32]. The
reduction of actual SPF as a function of application thickness was recently demonstrated
during a study in which Chinese women applied SPF 4,15, 30, or 55 sunscreen at 0.5, 1, 1.5, or
2 mg/cm2. The actual SPF was calculated for each individual after exposure to solar simulated
UVR. It was determined that at the standard application thickness of 2 mg/cm2 the observed
SPF was similar to the rated SPF. However, as application thickness decreased there was an
observed linear decrease in actual SPF for SPF 4 and 15 sunscreens, and an exponential decrease
in the actual SPF for the SPF 30 and 55 sunscreens [27]. Inadequate application of lower SPF
sunscreens may put consumers at greater risk of sunburn and skin cancer than inadequate
application of higher SPF sunscreens.

To compensate for inadequate application thickness, the American Academy of Dermatol‐
ogy recommends using a minimum of SPF 30 sunscreen, which is higher than the FDA’s
recommendation of 15. High SPF sunscreen should especially be used when going outdoors
on days when the UV index is predicted to be high and there is greater risk of overexpo‐
sure. Spending even 45 minutes outdoors unprotected on a day of moderate UV index value
can  cause  skin  damage  [33].  One  application  of  sunscreen  may  not  be  enough  if  an
individual stays outdoors for long periods of time and/or is involved in activities that cause
the skin to perspire or get wet.

Proper use of sunscreen includes reapplication every two hours, and more frequently when
sweating, swimming, or towel drying [24]. It is important to reapply sunscreen because the
active components may become unstable and lose activity during exposure to sunlight [27].
The FDA does not currently require a photostability test for sunscreens [1]. The duration of
water resistance is limited, so water resistant sunscreens need to be reapplied frequently when
swimming or sweating [24]. It is required by USFDA monograph that the duration of water
resistance (40 or 80 minutes) be indicated on the label to instruct consumers about when they
should reapply the sunscreen [1]. Spray on sunscreen is thought to be less effective than
traditional sunscreens because it is not rubbed directly onto the skin. The FDA is currently
investigating the effectiveness of spray on sunscreens, and is performing inhalation safety
testing as well [24].

Indoor tanning is a popular alternative to natural tanning because it can be done at any
time of the year, but it is actually very dangerous because the skin is intentionally exposed
to intense UVR repeatedly over short periods of time. Tanning bulbs emit predominantly
UVA, which is known to cause high levels of oxidative stress in the skin and contribute to
greater  risk  of  melanoma  [26].  They  also  emit  a  small  amount  of  UVB  that  primarily
damages the DNA in skin cells during indoor tanning sessions. Artificial UVR from indoor
tanning equipment is considered to be carcinogenic along with solar UVR, yet approximate‐
ly 28 million people expose themselves to it annually in the United States [34].The likelihood
of developing SCC is 2.5 times greater for people who use tanning beds,  and the likeli‐
hood of developing BCC is 1.5 times greater [35]. Individuals who have ever used tanning
beds have a 15% greater risk of developing melanoma than individuals who have never
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been in a tanning bed [19]. The age at which people start using indoor tanning technolo‐
gies  is  a  risk  factor  for  developing skin  cancer  as  well.  The  lifetime risk  of  developing
melanoma is 75% higher in people who first use indoor tanning beds before the age of 35
[35].  Younger  people  have  a  greater  tendency  to  use  indoor  tanning  devices,  possibly
because of the social perception that having a tan is attractive. More people between the
ages of 18-24 used indoor tanning devices than people over the age of 25 in 2010. In both
age groups, females exposed themselves to artificial UVR to obtain a tan more than males
did. Most of these adults were non-Hispanic whites [25]. The high skin cancer risk associated
with indoor tanning coupled with the addictiveness of the behavior has caused many states
in the U.S. to pass laws restricting the use of indoor tanning devices by minors in 2012 [19].

Consumers should be aware of their skin’s reaction to sunlight when they are outdoors, and
take appropriate action when noticing adverse reactions to sun exposure. Regardless of
sunscreen application and whether sun exposure is intentional or unintentional, if the skin
becomes red (indicative of cellular damage) and uncomfortable at any time it is prudent to
immediately find shade and put on protective clothing [26]. Parents should be vigilant of signs
of redness in their childrens’ skin as well. Infants and children should be kept in the shade out
of direct sunlight [2]. Self-examination of skin for suspicious growths and nevi is also recom‐
mended for early detection of skin cancer [2, 17].

5. Chemoprevention with topical and dietary antioxidants,
phytochemicals, and vitamin supplementation

Chemoprevention is the use of natural or synthetic agents to prevent or reverse the develop‐
ment of cancer [21]. Sunscreen use is considered a form of chemoprevention because it contains
compounds, such as avobenzone and octyl salicylate, that inhibit UVR from damaging the
skin. Supplementation of sunscreens with various phytochemicals and antioxidants has been
shown to improve the function of sunscreens in preventing photodamage [13]. Oral intake of
certain vitamins, antioxidants, and plant extracts can provide systemic protection as well.

A diet rich in fruits and vegetables has generally been associated with lowering the risk of
a variety of diseases and cancers, including skin cancer. Regular consumption of fruits and
vegetables was associated with a decreased risk of SCC in a dietary study of 1360 adults
in Nambour, Australia. In this study it was also found that a diet high in meat and fat was
positively associated with the development of SCC but not BCC [36].  Fruits and vegeta‐
bles  contain  bioactive  phytochemicals,  such as  flavonoids,  polyphenols  and carotenoids.
These  compounds  can  boost  antioxidant  and  immune  system  defenses  in  the  body,
including in the skin [37]. Carotenoids and flavonoids naturally protect plants from solar
UVR, and consumption of these phytochemicals can provide systemic photoprotection for
humans [8]. Polyphenols from tea have been shown to protect against UVB-induced contact
sensitization, inflammation, carcinogen-induced cancer of the skin, lung, and esophagus in
rodent models [37].
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Photooxidative damage occurs when the antioxidant defense mechanisms of the skin are
overwhelmed by UV-induced ROS, particularly from UVA. ROS that contribute to photocar‐
cinogenesis and photoaging include singlet oxygen, superoxide radical anion, hydroxyl
radical, perhydroxyl radical, and hydrogen peroxide [10, 13, 37-39]. Endogenous antioxidants
that scavenge for ROS include superoxide dismutase, glutathione peroxidase, ascorbate,
alpha-lipoic acid, and catalase [16]. Excessive ROS generated during UV exposure depletes
endogenous antioxidants, and causes a state of oxidative stress in cells that can damage cellular
proteins, lipids, DNA, trigger apoptosis, and contribute to photocarcinogenesis [14]. Incorpo‐
rating antioxidants into sunscreens can ameliorate UV-induced tissue damage and promote
DNA repair [13].

Human studies with antioxidant supplementation to sunscreens have been successful at
demonstrating the benefits of including antioxidants in the formulation. In a human study, the
combination of a several antioxidants, including ascorbyl phosphate, tocopherol acetate,
Echinacea pallida extract, chamomile extract, and caffeine, with sunscreen best protected the
skin compared to sunscreen alone after repetitive irradiation with solar simulated UVR [40].
A significant inhibition of UVR-induced melanin synthesis was observed in the presence of
antioxidants alone. There was a synergy between the antioxidants and broad spectrum
sunscreen, making the combination more protective than either the antioxidants or sunscreen
alone. The antioxidant alone was able to prevent hyperproliferation and thickening of the
epidermis that is a typical biological response to chronic UVR exposure. UV-induction of
cytokeratin 16 and MMP9 was also suppressed by antioxidant cocktail and sunscreen combi‐
nation [40]. In another study using a similar combination of antioxidants, sunscreen with
antioxidants or sunscreen alone were equally able to protect against immunosuppression as
measured by immunohistochemical staining for Langerhans cells. Less induction of tissue
remodeling protein MMP1 was observed with the sunscreen plus antioxidant formulation [13].
Taken together, this data demonstrates additive or synergistic effects of antioxidants for
photoprotection.

5.1. Green tea

Tea (Camellia sinensis) drinking has been associated with health in many cultures. Green tea
consumption has been associated with reduced cancer risk, including SCC [17]. It has been
demonstrated in mouse skin tumor models that green tea inhibits photocarcinogenesis [37].
Epigallocatechin-3-gallate (EGCG) makes up approximately 40% of all the polyphenols found
in green tea, and it is believed to be the main polyphenol responsible for the beneficial health
effects of green tea [12, 37]. White and black teas also have protective effects. Theaflavins, the
polyphenols found in black tea, can inhibit the UVB-induced activation of cell signaling
through AP-1, MAPK, and extracellular matrix receptor-activated kinase [17]. Topical
application of white or green teas have been shown to protect against the loss of Langerhans
cells after solar simulated UVR exposure in both human subjects and in an ex vivo skin explant
model [21]. In another human study, EGCG inhibited UVB-induced erythema and inflamma‐
tion. Fewer leukocytes infiltrated the skin when EGCG was applied prior to irradiation with
UVB, and less prostanoids were synthesized [37]. In addition to being able to suppress the
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inflammatory and immunosuppressive effects of UVB, topical application of green or white
tea has been shown to completely prevent the formation of 8-OH-dG adducts in human skin
[21]. The reduction of DNA damage, aberrant cell signaling, inflammation, and immunosup‐
pression are mechanisms exhibited by teas and tea extracts that contribute to their anti-cancer
properties.

The amount of pre-treatment time and concentration of green tea polyphenols required to
obtain optimal protection on human skin was elucidated in a study by Elmets et.al. In this
study, skin on the back of six human subjects was pre-treated for 30 minutes with 0.25-10%
solutions of green tea polyphenols. The skin was then irradiated with a solar simulator at twice
the individual’s minimal erythema dose (MED). At 24, 48, and 72 hours post-exposure
erythema was quantified with a chromameter and biopsies were taken from the exposed sites.
Erythema was found to be reduced in a dose-dependent manner at all time points and with
all doses of green tea polyphenol that were used (figure 1). Pre-treatment with the polyphenols
was noted to work best when applied immediately before exposure as opposed to several hours
before exposure. Analysis of the biopsies revealed a 66% reduction in the number of sunburn
cells, significantly less Langerhans cell migration at 4 days post-exposure, and a 55% reduction
in DNA lesions. Subjects were also irradiated with 135 J/cm2 UVA only, and pre-treatment
with 5% green tea polyphenols significantly protected against UVA-induced erythema in that
experiment [9]. The results of this study indicate that the use of green tea polyphenols is most
effective at protecting the skin from UVR when used at a concentration of 0.25% or greater,
with the greatest protection observed when applying a 10% solution 30 minutes before
irradiation. Adding green tea polyphenols to sunscreens could enhance broad spectrum
protection since they have been demonstrated to reduce UVA-induced erythema.

Figure 1. Effect of green tea polyphenols (GTP) on the erythema response evoked by 2-MED solar simulated radiation.
Data represent the mean ± standard error of the mean erythema index at 24, 48, and 72 hours after irradiation with a
solar simulator. Measurements were made with a chromameter on 6 volunteers. Areas of skin were pretreated with
indicated concentration of an extract of green tea (GTE) 30 minutes before UV exposure. Reprinted from Cutaneous
photoprotection from ultraviolet injury by green tea polyphenols, Journal of the American Academy of Dermatology,
44(3):425-32, Elmets CA, Singh D, Tubesing K, Matsui M, Katiyar S, Mukhtar H, (2001) with permission from Elsevier.

In a parallel experiment, Elmets et.al tested separate green tea polyphenols for ability to inhibit
erythema on human subjects irradiated with solar simulated UVR. The polyphenols tested
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Echinacea pallida extract, chamomile extract, and caffeine, with sunscreen best protected the
skin compared to sunscreen alone after repetitive irradiation with solar simulated UVR [40].
A significant inhibition of UVR-induced melanin synthesis was observed in the presence of
antioxidants alone. There was a synergy between the antioxidants and broad spectrum
sunscreen, making the combination more protective than either the antioxidants or sunscreen
alone. The antioxidant alone was able to prevent hyperproliferation and thickening of the
epidermis that is a typical biological response to chronic UVR exposure. UV-induction of
cytokeratin 16 and MMP9 was also suppressed by antioxidant cocktail and sunscreen combi‐
nation [40]. In another study using a similar combination of antioxidants, sunscreen with
antioxidants or sunscreen alone were equally able to protect against immunosuppression as
measured by immunohistochemical staining for Langerhans cells. Less induction of tissue
remodeling protein MMP1 was observed with the sunscreen plus antioxidant formulation [13].
Taken together, this data demonstrates additive or synergistic effects of antioxidants for
photoprotection.

5.1. Green tea

Tea (Camellia sinensis) drinking has been associated with health in many cultures. Green tea
consumption has been associated with reduced cancer risk, including SCC [17]. It has been
demonstrated in mouse skin tumor models that green tea inhibits photocarcinogenesis [37].
Epigallocatechin-3-gallate (EGCG) makes up approximately 40% of all the polyphenols found
in green tea, and it is believed to be the main polyphenol responsible for the beneficial health
effects of green tea [12, 37]. White and black teas also have protective effects. Theaflavins, the
polyphenols found in black tea, can inhibit the UVB-induced activation of cell signaling
through AP-1, MAPK, and extracellular matrix receptor-activated kinase [17]. Topical
application of white or green teas have been shown to protect against the loss of Langerhans
cells after solar simulated UVR exposure in both human subjects and in an ex vivo skin explant
model [21]. In another human study, EGCG inhibited UVB-induced erythema and inflamma‐
tion. Fewer leukocytes infiltrated the skin when EGCG was applied prior to irradiation with
UVB, and less prostanoids were synthesized [37]. In addition to being able to suppress the
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inflammatory and immunosuppressive effects of UVB, topical application of green or white
tea has been shown to completely prevent the formation of 8-OH-dG adducts in human skin
[21]. The reduction of DNA damage, aberrant cell signaling, inflammation, and immunosup‐
pression are mechanisms exhibited by teas and tea extracts that contribute to their anti-cancer
properties.

The amount of pre-treatment time and concentration of green tea polyphenols required to
obtain optimal protection on human skin was elucidated in a study by Elmets et.al. In this
study, skin on the back of six human subjects was pre-treated for 30 minutes with 0.25-10%
solutions of green tea polyphenols. The skin was then irradiated with a solar simulator at twice
the individual’s minimal erythema dose (MED). At 24, 48, and 72 hours post-exposure
erythema was quantified with a chromameter and biopsies were taken from the exposed sites.
Erythema was found to be reduced in a dose-dependent manner at all time points and with
all doses of green tea polyphenol that were used (figure 1). Pre-treatment with the polyphenols
was noted to work best when applied immediately before exposure as opposed to several hours
before exposure. Analysis of the biopsies revealed a 66% reduction in the number of sunburn
cells, significantly less Langerhans cell migration at 4 days post-exposure, and a 55% reduction
in DNA lesions. Subjects were also irradiated with 135 J/cm2 UVA only, and pre-treatment
with 5% green tea polyphenols significantly protected against UVA-induced erythema in that
experiment [9]. The results of this study indicate that the use of green tea polyphenols is most
effective at protecting the skin from UVR when used at a concentration of 0.25% or greater,
with the greatest protection observed when applying a 10% solution 30 minutes before
irradiation. Adding green tea polyphenols to sunscreens could enhance broad spectrum
protection since they have been demonstrated to reduce UVA-induced erythema.

Figure 1. Effect of green tea polyphenols (GTP) on the erythema response evoked by 2-MED solar simulated radiation.
Data represent the mean ± standard error of the mean erythema index at 24, 48, and 72 hours after irradiation with a
solar simulator. Measurements were made with a chromameter on 6 volunteers. Areas of skin were pretreated with
indicated concentration of an extract of green tea (GTE) 30 minutes before UV exposure. Reprinted from Cutaneous
photoprotection from ultraviolet injury by green tea polyphenols, Journal of the American Academy of Dermatology,
44(3):425-32, Elmets CA, Singh D, Tubesing K, Matsui M, Katiyar S, Mukhtar H, (2001) with permission from Elsevier.

In a parallel experiment, Elmets et.al tested separate green tea polyphenols for ability to inhibit
erythema on human subjects irradiated with solar simulated UVR. The polyphenols tested
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were 5% solutions of EGCG, epicatechin (EC), epigallocatechin (EGC), or epicatechin-3-gallate
(ECG). EC and EGC were not effective at inhibiting erythema, but EGCG and ECG were. The
authors were intrigued by this finding because EGCG and ECG both contain a galloyl group
at the 3 position, and this common structure between them could be the source of their
effectiveness compared to the other polyphenols that were tested [9]. These results confirmed
that EGCG is one of the polyphenols that contributes the most to the photoprotective effects
of green tea.

5.2. Resveratrol

Resveratrol is a chemopreventive phytochemical found in grape skin and seeds, red wine,
peanuts, and fruits. Topical application of resveratrol in hairless mice has been shown to reduce
signs of oxidative stress and inflammation induced by UVB exposure [12]. Daily topical
application of resveratrol in humans prior to irradiation with solar simulated UVR for four
consecutive days provided significant protection against erythema, melanin synthesis,
tanning, and sunburn cell formation compared to unprotected skin [10].

5.3. Pomegranate

Pomegranate is known for its strong anti-inflammatory, antioxidant, anti-proliferative, and
anti-tumorigenic properties. Anthocyanidins and hydrolysable tannins are polyphenols found
in pomegranate. In an animal study, hairless mice were irradiated with 180 mJ/cm2 UVB after
consuming 0.2% (wt/vol) pomegranate extract for two weeks. Analysis of skin biopsies taken
from the mice revealed that pomegranate consumption resulted in the inhibition of UVB-
induced skin edema, cell proliferation, infiltration of leukocytes, NFκB activation, COX-2
expression, CPDs, 8-OH-dG, and generation of hydrogen peroxide and lipid peroxidation [11].
These results suggest that regular consumption of pomegranate could provide systemic
protection from UVB.

5.4. Lycopene

Lycopene is a carotenoid found in tomatoes, red bell peppers, watermelon and other red-
colored fruits and vegetables. Lycopene consumption is believed to aid in the prevention of
cardiovascular disease, diabetes, and cancer because of its strong antioxidant property. The
bioavailability of lycopene is greater in cooked and processed foods than from fresh fruits. It
has been recognized as one of the most powerful quenchers of singlet oxygen of all the
carotenoids [41]. Dietary intake of lycopene or foods rich in lycopene can provide systemic
photoprotection. Daily consumption of 55 grams of tomato paste with olive oil for 12 weeks
protected individuals from solar simulated UVR-induced mitochondrial DNA damage
compared to individuals who ate olive oil alone. Less induction of matrix metalloproteinases
was also found, and the skin of the group that ate tomato paste tended to have a higher MED
than the group that did not [41]. In another human study, individuals that consumed lycopene
for 10-12 weeks developed about 40% less erythema than those that did not [8].
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5.5. Chocolate

Fresh cocoa beans contain high levels of polyphenols that are potent antioxidants. Most
commercially available chocolate does not contain high antioxidants because conventional
chocolate making diminishes antioxidant capacity. Chocolate that is specially prepared to
retain high amounts of active flavanols can increase the MED in human subjects who ate it
every day for 12 weeks compared to subjects who ate conventional chocolate [42].

5.6. Beta-carotene

β-carotene is a fat soluble antioxidant carotenoid found in many plants, and gives orange color
to many fruits and vegetables, such as carrots and yams. It is a precursor to vitamin A, also
known as provitamin A [43]. The effectiveness of β-carotene as a systemic photoprotectant in
humans is dependent upon the dose and the duration of consumption before irradiation with
UVR. Reports suggest that in order for β-carotene pre-treatment to be effective it should be
consumed at a dose of 20 mg per day for at least 10 weeks, and moderate intake is insufficient
to achieve photoprotection [8]. Meta-analysis of seven human studies on sunburn protection
and β-carotene arrived at the same conclusion, and added that the mean photoprotection
provided by β-carotene increases for each month beyond 10 weeks of consistent consumption,
and β-carotene can provide system photoprotection with a maximal SFP of 4. [43].

While dietary supplementation with β-carotene protects against sunburn, it is not effective for
preventing skin cancer when used alone. A data review of randomized control studies did not
find a positive association between oral β-carotene supplementation and the prevention of
melanoma or non-melanoma [44]. β-carotene supplementation could be used in combination
with other photoprotective methods to reduce sunburn. However, dietary supplementation
with β-carotene should be done with caution because at high levels it can create a prooxidative
state that is damaging to the body. Consuming high amounts of β-carotene is not suggested
for smokers, as it has been shown to increase lung cancer risk [44].

5.7. Vitamin C and Vitamin E

Vitamin C (ascorbic acid)  and vitamin E (α-tocopherol)  are photoprotective antioxidants
that can be combined with other antioxidants like β-carotene or added into sunscreen to
protect the skin from UVR. Vitamin E is a potent inhibitor of lipid peroxidation, and it is
typically found in plant derived oils. Vitamin C has functions as a reducing agent and is
an essential vitamin for humans. Vitamins C and E have a synergistic relationship; vitamin
C can regenerate oxidized vitamin E at the cell membrane [38, 39]. Oral administration of
200mg/day  vitamin  C  and  1000IU/day  of  vitamin  E  for  eight  days  in  humans  reduces
sensitivity  to  solar  simulated  UVR  as  observed  by  higher  MED  in  subjects  [38].  The
combination  of  vitamin  E  with  β-carotene  has  been  shown  to  suppress  UVR-induced
erythema better than β-carotene alone when administered orally for 12 weeks [39]. Topical
application of vitamin E onto hairless mice prior to irradiation with solar simulated UV
has been reported to prevent immunosuppression [16].
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in pomegranate. In an animal study, hairless mice were irradiated with 180 mJ/cm2 UVB after
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from the mice revealed that pomegranate consumption resulted in the inhibition of UVB-
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Lycopene is a carotenoid found in tomatoes, red bell peppers, watermelon and other red-
colored fruits and vegetables. Lycopene consumption is believed to aid in the prevention of
cardiovascular disease, diabetes, and cancer because of its strong antioxidant property. The
bioavailability of lycopene is greater in cooked and processed foods than from fresh fruits. It
has been recognized as one of the most powerful quenchers of singlet oxygen of all the
carotenoids [41]. Dietary intake of lycopene or foods rich in lycopene can provide systemic
photoprotection. Daily consumption of 55 grams of tomato paste with olive oil for 12 weeks
protected individuals from solar simulated UVR-induced mitochondrial DNA damage
compared to individuals who ate olive oil alone. Less induction of matrix metalloproteinases
was also found, and the skin of the group that ate tomato paste tended to have a higher MED
than the group that did not [41]. In another human study, individuals that consumed lycopene
for 10-12 weeks developed about 40% less erythema than those that did not [8].
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to achieve photoprotection [8]. Meta-analysis of seven human studies on sunburn protection
and β-carotene arrived at the same conclusion, and added that the mean photoprotection
provided by β-carotene increases for each month beyond 10 weeks of consistent consumption,
and β-carotene can provide system photoprotection with a maximal SFP of 4. [43].

While dietary supplementation with β-carotene protects against sunburn, it is not effective for
preventing skin cancer when used alone. A data review of randomized control studies did not
find a positive association between oral β-carotene supplementation and the prevention of
melanoma or non-melanoma [44]. β-carotene supplementation could be used in combination
with other photoprotective methods to reduce sunburn. However, dietary supplementation
with β-carotene should be done with caution because at high levels it can create a prooxidative
state that is damaging to the body. Consuming high amounts of β-carotene is not suggested
for smokers, as it has been shown to increase lung cancer risk [44].
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Vitamin C (ascorbic acid)  and vitamin E (α-tocopherol)  are photoprotective antioxidants
that can be combined with other antioxidants like β-carotene or added into sunscreen to
protect the skin from UVR. Vitamin E is a potent inhibitor of lipid peroxidation, and it is
typically found in plant derived oils. Vitamin C has functions as a reducing agent and is
an essential vitamin for humans. Vitamins C and E have a synergistic relationship; vitamin
C can regenerate oxidized vitamin E at the cell membrane [38, 39]. Oral administration of
200mg/day  vitamin  C  and  1000IU/day  of  vitamin  E  for  eight  days  in  humans  reduces
sensitivity  to  solar  simulated  UVR  as  observed  by  higher  MED  in  subjects  [38].  The
combination  of  vitamin  E  with  β-carotene  has  been  shown  to  suppress  UVR-induced
erythema better than β-carotene alone when administered orally for 12 weeks [39]. Topical
application of vitamin E onto hairless mice prior to irradiation with solar simulated UV
has been reported to prevent immunosuppression [16].
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5.8. Polypodium leucotomos

An organic extract  of  the tropical  South American fern Polypodium leucotomos,  given the
commercial name “Fernblock”, can be used orally or topically to protect the skin from solar
UVR. This extract protects against the genotoxic effects of UVB by preventing the forma‐
tion  of  CPDs,  8-OH-dG,  and  mitochondrial  DNA  damage.  It  induces  the  p53  tumor
suppressor protein.  The extract  prevents UVR-induced inflammation through the inhibi‐
tion  of  pro-inflammatory  molecules  (tumor  necrosis  factor  alpha  and  nitric  oxide  syn‐
thase), COX-2, apoptosis of keratinocytes and fibroblasts, and general reduction of erythema
and  sunburn.  One  component  of  Fernblock,  caffeic  acid,  prevents  oxidative  stress  by
inhibiting the formation of peroxide and nitric oxide upon exposure to UVR. Fernblock also
prevents the immunosuppressive effects of UVR by suppressing the migration of Langer‐
hans cells and activation of T helper type 2 cells. Remodeling of the dermal extracellular
matrix  by matrix  metalloproteinase 3  is  inhibited by the extract,  and both collagen and
elastin  proteins  are  up  regulated  indicating  that  the  extract  may also  fight  photoaging.
Topical application of the extract on hairless mice was reported to block UVB-induced skin
tumor  formation.  All  of  these  positive  protective  effects  make  Fernblock  a  potentially
powerful photocarcinogenesis protective agent [14].

6. Vitamin D

Vitamin D is important for bone health, intestinal uptake of calcium and phosphate, and
regulation of calcium and phosphate levels in the blood [2, 4]. Vitamin D is associated with
the prevention of autoimmune disease, cardiovascular disease, and believed to have anti-
inflammatory and anti-proliferative effects [45, 46]. The current recommended daily allowance
for vitamin D is 400 IU for infants under 1 year old, 600 IU for persons 1-70 years old, and 800
IU for persons older than 70 years [47]. People who have vitamin D insufficiency are recom‐
mended to take 1,000 IU of vitamin D daily [48].

Lack of vitamin D results in poor enteral absorption of calcium that causes decreased blood
levels of ionized calcium. This decrease promotes the breakdown of bone by osteoclasts to
release calcium. By this mechanism, vitamin D insufficiency in adults can lead to osteoporosis.
Childhood vitamin D deficiency causes Rickets disease. During the late 1800s to early 1900s
Rickets disease afflicted more than 80% of North American and European children who lived
in industrialized cities. After it was learned that a deficiency in vitamin D was to blame for the
bone deformities caused by this disease, increasing exposure to sunlight and fortification of
milk with vitamin D in the 1930s helped to reduce the incidence of Rickets in the United States
[46, 47]. In addition to dietary sources, vitamin D can be obtained by cutaneous synthesis upon
exposure to sunlight (figure 2). Upon irradiation with UVB, 7-dehydrocholsterol (provitamin
D) in the skin is converted into pre-cholecalciferol (previtamin D3). Pre-cholecalciferol
undergoes a spontaneous isomerization into cholecalciferol (vitamin D3). Vitamin D-binding
protein (DBP) transports vitamin D3 to the liver where it is hydroxylated by cytochrome p450
27A1 into 25-hydroxyvitamin D (25(OH)D3) [2]. Further hydroxylation in the kidney or at the
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skin modifies the vitamin into its active form called calcitriol (25(OH)2D3) [49]. Calcitriol binds
to the nuclear vitamin D receptor (VDR), which then forms a heterodimer with the retinoid-X
receptor and becomes a transcription factor that regulates the expression of cell cycle, cell
proliferation, and apoptosis genes [2].

Figure 2. Vitamin D synthesis and biological effects. Reprinted by permission of Macmillan Publishers Ltd: Nature Re‐
views Cancer, Deeb KK, Trump DL, Johnson CS, Vitamin D signaling pathways in cancer: potential for anticancer thera‐
peutics, 07(9):648-700 (2007).

There is contradictory evidence about whether vitamin D protects against cancer. A study
conducted by the National Institutes of Health did not find a correlation between vitamin D
levels and internal cancers [49]. Other studies have found that vitamin D can reduce the risk
of internal cancers, particularly prostate and colorectal cancer [48]. It was reported in an
observational study that individuals with the lowest serum levels of 25(OH)D3 had a 26%
higher mortality rate when compared to those with higher vitamin D levels [45]. It is hypothe‐
sized that high blood levels of 25(OH)D3 result in higher levels of calcitriol that regulates cell
proliferation. A number of cells in the body, including breast, colon, and skin, have the
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5.8. Polypodium leucotomos
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enzymes required to make calcitriol. It is suggested that when vitamin D levels are high local
production of calcitriol keeps cell proliferation in check and reduces risk of carcinogenesis [46].
Thus, it is speculated that vitamin D production in the skin is protective and sunscreen use
diminishes protection by inhibiting vitamin D synthesis.

There is almost no evidence supporting the idea that the vitamin D deficiency epidemic is
correlated to the overuse of sunscreen [48]. Sunscreen use may diminish photosynthesis of
vitamin D, but it is not necessary or recommended to obtain vitamin D from intentional sun
exposure. To maximize cutaneous synthesis of vitamin D, individuals would have to expose
themselves to sunlight for the amount of time required to achieve one third of their MED,
meaning the skin would incur damage to make vitamin D. Incidental sun exposure for 10-20
minutes on skin protected with SPF 15 or greater sunscreen could maximize cutaneous vitamin
D synthesis while protecting the skin because sunscreen does not block all UV [48]. While some
people find the idea of synthesizing their own vitamin D through intentional sun exposure
holistic and appealing, the better option is to continue protecting skin from solar UVR with
sunscreen and protective clothing, and to obtain vitamin D from dietary sources and incidental
protected sun exposure. A variety of foods including milk, bread, cereal, yogurt, and multi‐
vitamins are fortified with vitamin D in the United States and are good alternatives to
intentional exposure to sunlight. The use of indoor tanning beds to increase vitamin D levels
is not advised [4, 48, 50].

Populations susceptible to vitamin D deficiency are the eldery, people with darkly pigmented
skin, breastfed infants, and obese people. The suggestion that elderly and darkly pigmented
populations intentionally expose themselves to UVR is not a good solution because these
susceptible populations generally have poor cutaneous vitamin D synthesis. The ability to
photosynthesize vitamin D in the skin decreases with age because there is less 7-dehydrocho‐
lesterol in the skin. People with darkly pigmented skin have increased melanin in the epider‐
mis that inhibits cutaneous vitamin D synthesis [2, 46, 48]. It does not make sense for the elderly
or people with darkly pigmented skin to intentionally expose themselves to sunlight to make
vitamin D since the process is inefficient in their skin. Rather, they should take dietary
supplements and incorporate foods fortified with vitamin D. Obesity is also a risk factor for
deficiency of vitamin D. Vitamin D3 is stored deep in the body fat of obese individuals and is
not readily bioavailable to them during winter months, so they can only mobilize about half
the amount of vitamin D3 as persons with healthy weights [46]. Human breast milk contains
less than 78 IU vitamin D per liter so it is recommended that infants also receive vitamin D
supplementation [47]. Infants should not be exposed to solar UV to increase vitamin D
synthesis [2]. Dietary supplementation with vitamin D is the best option for all people,
especially those with reduced ability to synthesize and maintain vitamin D levels in their body.

7. Sun protection education

Social perceptions and miscommunications about the dangers of UVR exposure contribute to
the continued incidence of sunburns and skin cancer. The message that sun safety should be
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practiced daily is not widely followed, as evident by the fact that people are more likely to
follow skin protection methods while on vacation or at the beach than when participating in
other outdoor recreational activities [19]. Intentional unprotected sun exposure for cosmetic
purposes is prominent in young adults because of the perception that tanned skin is more
attractive [48]. About 50% of people in the U.S. between the ages of 18 and 24 years old report
having a sunburn in the last year, compared to about 35% of people over the age of 25 who
reported having a sunburn in the last year [25]. This is coincides with the tendency for young
people to expose themselves to solar and artificial UVR for tanning. Over one million people
go to tanning salons on an average day in the United States [34], and most are under the age
of 25 [25]. This risky behavior may contribute to melanoma being the second most common
cancer in young adults between the ages of 15 and 29 years old [4]. In 2004, it was found that
69% of youths between the ages of 11 and 18 reported in a cross-sectional study survey that
they had been sunburned that summer [19]. Summertime sunburns should not be taken lightly
or treated as a normal occurrence. The risk of developing melanoma more than doubles for
individuals who report having five or more severe sunburns during adolescence [19]. A study
by the University of Miami on sun protection behavior in high school students found that
white-Hispanics were not likely to use sunscreens, more than twice as likely to go tanning,
and generally did not believe that they had a risk of getting skin cancer compared to white
non-Hispanics [23]. This is an example of the need to educate young adults and teenagers who
are unaware of the health risks associated with sun exposure.

Physicians play in important role in educating patients about sun protection. Primary care
physicians should actively promote broad spectrum sunscreen use, and review proper
application techniques with patients to reduce sunburn. They should educate patients about
the use of sunscreen as an adjunct to the other sun protection methods, and warn patients not
to use sunscreen as a tool for prolonging sun exposure because that behavior increases the risk
of sunburn [19, 26]. They could point patients towards many informative public education
websites about sun protection and skin cancer prevention that are available from government
and non-profit organizations.

Skin cancer prevention awareness is spreading with the help of government organizations,
such as the National Institutes of Health and National Council on Skin Cancer. Increasing
numbers of advertisements for skin cancer prevention are seen on television, heard on the
radio, and posted in public places. Major awareness advocates, programs, and campaigns
include the SunSmart campaign in Australia and the United Kingdom, the European Skin
Cancer Foundation, the SunAWARE non-profit educational organization in the U.S., the
USEPA SunWise program, American Academy of Dermatology, the Skin Cancer Foundation
in the U.S., and the American Cancer Society. These groups and programs aim to educate the
public about skin cancer and encourage multi-step behavioral modifications to reduce the risk
of developing skin cancer. The SunAWARE organization uses AWARE as an easy acronym to
help people remember the steps of sun protection (figure 3). Skin cancer incidence rates have
been stabilizing when compared to the rapid increases seen before the rise in establishment of
government-sponsored sun protection programs [19]. The message is starting to be heard, as
evident by an overall increase in adult sunscreen use between 2005 and 2010 [25]. Sun safety
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protected sun exposure. A variety of foods including milk, bread, cereal, yogurt, and multi‐
vitamins are fortified with vitamin D in the United States and are good alternatives to
intentional exposure to sunlight. The use of indoor tanning beds to increase vitamin D levels
is not advised [4, 48, 50].

Populations susceptible to vitamin D deficiency are the eldery, people with darkly pigmented
skin, breastfed infants, and obese people. The suggestion that elderly and darkly pigmented
populations intentionally expose themselves to UVR is not a good solution because these
susceptible populations generally have poor cutaneous vitamin D synthesis. The ability to
photosynthesize vitamin D in the skin decreases with age because there is less 7-dehydrocho‐
lesterol in the skin. People with darkly pigmented skin have increased melanin in the epider‐
mis that inhibits cutaneous vitamin D synthesis [2, 46, 48]. It does not make sense for the elderly
or people with darkly pigmented skin to intentionally expose themselves to sunlight to make
vitamin D since the process is inefficient in their skin. Rather, they should take dietary
supplements and incorporate foods fortified with vitamin D. Obesity is also a risk factor for
deficiency of vitamin D. Vitamin D3 is stored deep in the body fat of obese individuals and is
not readily bioavailable to them during winter months, so they can only mobilize about half
the amount of vitamin D3 as persons with healthy weights [46]. Human breast milk contains
less than 78 IU vitamin D per liter so it is recommended that infants also receive vitamin D
supplementation [47]. Infants should not be exposed to solar UV to increase vitamin D
synthesis [2]. Dietary supplementation with vitamin D is the best option for all people,
especially those with reduced ability to synthesize and maintain vitamin D levels in their body.

7. Sun protection education

Social perceptions and miscommunications about the dangers of UVR exposure contribute to
the continued incidence of sunburns and skin cancer. The message that sun safety should be
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69% of youths between the ages of 11 and 18 reported in a cross-sectional study survey that
they had been sunburned that summer [19]. Summertime sunburns should not be taken lightly
or treated as a normal occurrence. The risk of developing melanoma more than doubles for
individuals who report having five or more severe sunburns during adolescence [19]. A study
by the University of Miami on sun protection behavior in high school students found that
white-Hispanics were not likely to use sunscreens, more than twice as likely to go tanning,
and generally did not believe that they had a risk of getting skin cancer compared to white
non-Hispanics [23]. This is an example of the need to educate young adults and teenagers who
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application techniques with patients to reduce sunburn. They should educate patients about
the use of sunscreen as an adjunct to the other sun protection methods, and warn patients not
to use sunscreen as a tool for prolonging sun exposure because that behavior increases the risk
of sunburn [19, 26]. They could point patients towards many informative public education
websites about sun protection and skin cancer prevention that are available from government
and non-profit organizations.

Skin cancer prevention awareness is spreading with the help of government organizations,
such as the National Institutes of Health and National Council on Skin Cancer. Increasing
numbers of advertisements for skin cancer prevention are seen on television, heard on the
radio, and posted in public places. Major awareness advocates, programs, and campaigns
include the SunSmart campaign in Australia and the United Kingdom, the European Skin
Cancer Foundation, the SunAWARE non-profit educational organization in the U.S., the
USEPA SunWise program, American Academy of Dermatology, the Skin Cancer Foundation
in the U.S., and the American Cancer Society. These groups and programs aim to educate the
public about skin cancer and encourage multi-step behavioral modifications to reduce the risk
of developing skin cancer. The SunAWARE organization uses AWARE as an easy acronym to
help people remember the steps of sun protection (figure 3). Skin cancer incidence rates have
been stabilizing when compared to the rapid increases seen before the rise in establishment of
government-sponsored sun protection programs [19]. The message is starting to be heard, as
evident by an overall increase in adult sunscreen use between 2005 and 2010 [25]. Sun safety
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awareness is encouraged by campaigns such as national “Don’t Fry Day” that takes place on
the Friday before Memorial Day in the U.S. and is supported by the National Council on Skin
Cancer and SunWise program [5, 51].

Figure 3. Sun protection advice displayed on SunAWARE website using the acronym AWARE. http://www.suna‐
ware.org/be-sunaware/

Product labeling is another means for providing specific information on how to protect the
skin. Sunscreen labels are strictly regulated by the USFDA. In the most recent law passed on
sunscreen labeling in 2011, known as the “final rule”, the USFDA required a new indication
statement, simpler labeling, and clearer instructions for the usage of water resistant sunscreen
[1]. Instead of indicating protection against UVA and/or UVB, labels are required to state
“broad spectrum” to simplify the choice for consumers. The effectiveness rating of the
sunscreen must be listed next to the broad spectrum phrase in the same size and style font to
encourage consumers to look for broad spectrum sunscreens with a high SPF rating. To teach
consumers that broad spectrum sunscreens with SPF 15 and greater are more protective when
combined with other sun protection measures than sunscreens with low SPF that are not broad
spectrum, the following indication statement is required on all broad spectrum SPF 15 and
greater sunscreens:
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“Sun Protection Measures. Spending time in the sun increases your risk of skin cancer and
early skin aging. To decrease this risk, regularly use a sunscreen with a Broad Spectrum SPF
of 15 or higher and other sun protection measures including: • limit time in the sun, especially
from 10 a.m. - 2 p.m. • wear long-sleeved shirts, pants, hats, and sunglasses” [1]

Previous labeling requirements were confusing and misleading about water resistance.
Sunscreens resistant to water must be called “water resistant” and not “waterproof” because
there is a limit to the amount of time that they are effective on wet skin. Likewise, the term
“sweatproof” is also not permitted. Previous labeling indicating that a sunscreen was “water
resistant” or “very water resistant” did not clearly differentiate between the two. It is now
required that the label state how much time can be spent in the water, for example “water
resistant (40 minutes)” or “water resistant (80 minutes)” is very clear about the duration of
protection. Emphasis on the duration of water resistance encourages re-application of the
sunscreen at appropriate time intervals [1].

Screening for skin cancer is an effective means of secondary prevention. There is a good
chance that skin cancer is curable when detected early enough. Simple excision of the lesion
that can be performed as an outpatient procedure by a dermatologist is an effective means
of removing the cancer and increasing survival [17]. Designated skin cancer screening days
help to identify malignant lesions before they progress to more dangerous stages. Organ‐
ized skin cancer screenings in Germany have resulted in a  50% reduction in melanoma
mortality in the screened population, indicating the usefulness and success of mass skin
cancer screenings [6].

8. Conclusion

It is predicted that 40-50% of Americans will have non-melanoma skin cancer at least once
before the age of 65 [25]. The lifetime accumulation of skin damage contributes to the devel‐
opment of skin cancer. Skin damage incurred by natural and artificial UVR affects cellular
proteins, cell signaling, damages DNA, suppresses the ability of the immune system to detect
cancer cells, causes tissue damage, and cell death. Fortunately, melanoma and non-melanoma
skin cancers can be prevented by reducing exposure to UVR through a number of behavioral
practices. These practices include avoiding excess UV exposure, applying adequate amounts
of broad spectrum sunscreen with SPF of 15 or greater and remembering to reapply when
necessary, wearing protective clothing including hats and sunglasses, seeking shade, avoiding
cosmetic tanning, acquisition of vitamin D from dietary sources rather than intentional UV
exposure, and routinely checking the body for suspicious growths on the skin. Dietary intake
of phytochemicals and antioxidants has been shown to provide systemic protection from
erythema and is a good addition to the recommended sun protection program. Many of these
photoprotective compounds are currently included in sunscreen formulations for added
protection. It is strongly encouraged that all individuals regardless of ethnicity or skin type
follow these sun protection measures to reduce skin cancer risk. Public education through
awareness programs is critical for correcting social perceptions and teaching sun protective
behaviors.

Skin Cancer Prevention Strategies
http://dx.doi.org/10.5772/55241

227



awareness is encouraged by campaigns such as national “Don’t Fry Day” that takes place on
the Friday before Memorial Day in the U.S. and is supported by the National Council on Skin
Cancer and SunWise program [5, 51].

Figure 3. Sun protection advice displayed on SunAWARE website using the acronym AWARE. http://www.suna‐
ware.org/be-sunaware/

Product labeling is another means for providing specific information on how to protect the
skin. Sunscreen labels are strictly regulated by the USFDA. In the most recent law passed on
sunscreen labeling in 2011, known as the “final rule”, the USFDA required a new indication
statement, simpler labeling, and clearer instructions for the usage of water resistant sunscreen
[1]. Instead of indicating protection against UVA and/or UVB, labels are required to state
“broad spectrum” to simplify the choice for consumers. The effectiveness rating of the
sunscreen must be listed next to the broad spectrum phrase in the same size and style font to
encourage consumers to look for broad spectrum sunscreens with a high SPF rating. To teach
consumers that broad spectrum sunscreens with SPF 15 and greater are more protective when
combined with other sun protection measures than sunscreens with low SPF that are not broad
spectrum, the following indication statement is required on all broad spectrum SPF 15 and
greater sunscreens:

Highlights in Skin Cancer226

“Sun Protection Measures. Spending time in the sun increases your risk of skin cancer and
early skin aging. To decrease this risk, regularly use a sunscreen with a Broad Spectrum SPF
of 15 or higher and other sun protection measures including: • limit time in the sun, especially
from 10 a.m. - 2 p.m. • wear long-sleeved shirts, pants, hats, and sunglasses” [1]

Previous labeling requirements were confusing and misleading about water resistance.
Sunscreens resistant to water must be called “water resistant” and not “waterproof” because
there is a limit to the amount of time that they are effective on wet skin. Likewise, the term
“sweatproof” is also not permitted. Previous labeling indicating that a sunscreen was “water
resistant” or “very water resistant” did not clearly differentiate between the two. It is now
required that the label state how much time can be spent in the water, for example “water
resistant (40 minutes)” or “water resistant (80 minutes)” is very clear about the duration of
protection. Emphasis on the duration of water resistance encourages re-application of the
sunscreen at appropriate time intervals [1].

Screening for skin cancer is an effective means of secondary prevention. There is a good
chance that skin cancer is curable when detected early enough. Simple excision of the lesion
that can be performed as an outpatient procedure by a dermatologist is an effective means
of removing the cancer and increasing survival [17]. Designated skin cancer screening days
help to identify malignant lesions before they progress to more dangerous stages. Organ‐
ized skin cancer screenings in Germany have resulted in a  50% reduction in melanoma
mortality in the screened population, indicating the usefulness and success of mass skin
cancer screenings [6].

8. Conclusion

It is predicted that 40-50% of Americans will have non-melanoma skin cancer at least once
before the age of 65 [25]. The lifetime accumulation of skin damage contributes to the devel‐
opment of skin cancer. Skin damage incurred by natural and artificial UVR affects cellular
proteins, cell signaling, damages DNA, suppresses the ability of the immune system to detect
cancer cells, causes tissue damage, and cell death. Fortunately, melanoma and non-melanoma
skin cancers can be prevented by reducing exposure to UVR through a number of behavioral
practices. These practices include avoiding excess UV exposure, applying adequate amounts
of broad spectrum sunscreen with SPF of 15 or greater and remembering to reapply when
necessary, wearing protective clothing including hats and sunglasses, seeking shade, avoiding
cosmetic tanning, acquisition of vitamin D from dietary sources rather than intentional UV
exposure, and routinely checking the body for suspicious growths on the skin. Dietary intake
of phytochemicals and antioxidants has been shown to provide systemic protection from
erythema and is a good addition to the recommended sun protection program. Many of these
photoprotective compounds are currently included in sunscreen formulations for added
protection. It is strongly encouraged that all individuals regardless of ethnicity or skin type
follow these sun protection measures to reduce skin cancer risk. Public education through
awareness programs is critical for correcting social perceptions and teaching sun protective
behaviors.

Skin Cancer Prevention Strategies
http://dx.doi.org/10.5772/55241

227



Author details

Lisa  Passantino1*, Max Costa1 and Mary Matsui2

*Address all correspondence to: lisa.passantino@gmail.com

1 Nelson Institute of Environmental Medicine, New York University, New York, N.Y., USA

2 Estee Lauder Companies, Inc., Melville, N.Y., USA

References

[1] Food and Drug Administration. Labeling and Effectiveness Testing; Sunscreen Drug
Products for Over-the-Counter Human Use. In: Health and Human Services, editor.:
Federal Register; 2011. p. 35620-65.

[2] Barysch MJ, Hofbauer GF, Dummer R. Vitamin D, ultraviolet exposure, and skin can‐
cer in the elderly. Gerontology. 2010;56(4):410-3. PubMed PMID: 20502035. Epub
2010/05/27. eng.

[3] National Cancer Institute. Skin Cancer 2012 [cited 2012 September 20, 2012]. Availa‐
ble from: http://www.cancer.gov/cancertopics/types/skin.

[4] American Academy of Dermatology. Don't seek the sun: Top reasons to get vitamin
D from your diet [web page]. 2012 [april 12, 2011]. Available from: http://
www.aad.org/media-resources/stats-and-facts/prevention-and-care/vitamin-d.

[5] National Council on Skin Cancer Prevention. A growing epidemic: skin cancer in
America 2010 [updated September 21, 2012; cited 2012 September 21, 2012]. Availa‐
ble from: http://www.skincancerprevention.org/.

[6] Greinert R, Boniol M. Skin cancer--primary and secondary prevention (information
campaigns and screening)--with a focus on children & sunbeds. Progress in biophy‐
sics and molecular biology. 2011 Dec;107(3):473-6. PubMed PMID: 21906618. Epub
2011/09/13. eng.

[7] Matsui MS, DeLeo VA. Longwave ultraviolet radiation and promotion of skin can‐
cer. Cancer cells (Cold Spring Harbor, NY : 1989). 1991 Jan;3(1):8-12. PubMed PMID:
2025494. Epub 1991/01/01. eng.

[8] Stahl W, Heinrich U, Aust O, Tronnier H, Sies H. Lycopene-rich products and dietary
photoprotection. Photochemical & photobiological sciences : Official journal of the
European Photochemistry Association and the European Society for Photobiology.
2006 Feb;5(2):238-42. PubMed PMID: 16465309. Epub 2006/02/09. eng.

[9] Elmets CA, Singh D, Tubesing K, Matsui M, Katiyar S, Mukhtar H. Cutaneous photo‐
protection from ultraviolet injury by green tea polyphenols. Journal of the American

Highlights in Skin Cancer228

Academy of Dermatology. 2001 Mar;44(3):425-32. PubMed PMID: 11209110. Epub
2001/02/24. eng.

[10] Wu Y, Jia LL, Zheng YN, Xu XG, Luo YJ, Wang B, et al. Resveratrate protects human
skin from damage due to repetitive ultraviolet irradiation. Journal of the European
Academy of Dermatology and Venereology : JEADV. 2012 Jan 5. PubMed PMID:
22221158. Epub 2012/01/10. Eng.

[11] Afaq F, Khan N, Syed DN, Mukhtar H. Oral feeding of pomegranate fruit extract in‐
hibits early biomarkers of UVB radiation-induced carcinogenesis in SKH-1 hairless
mouse epidermis. Photochemistry and photobiology. 2010 Nov-Dec;86(6):1318-26.
PubMed PMID: 20946358. Pubmed Central PMCID: PMC3016092. Epub 2010/10/16.
eng.

[12] Afaq F, Mukhtar H. Botanical antioxidants in the prevention of photocarcinogenesis
and photoaging. Experimental dermatology. 2006 Sep;15(9):678-84. PubMed PMID:
16881964. Epub 2006/08/03. eng.

[13] Matsui MS, Hsia A, Miller JD, Hanneman K, Scull H, Cooper KD, et al. Non-
sunscreen photoprotection: antioxidants add value to a sunscreen. The journal of in‐
vestigative dermatology Symposium proceedings / the Society for Investigative
Dermatology, Inc [and] European Society for Dermatological Research. 2009 Aug;
14(1):56-9. PubMed PMID: 19675555. Epub 2009/08/14. eng.

[14] Gonzalez S, Gilaberte Y, Philips N, Juarranz A. Fernblock, a nutriceutical with photo‐
protective properties and potential preventive agent for skin photoaging and photo‐
induced skin cancers. International journal of molecular sciences. 2011;12(12):
8466-75. PubMed PMID: 22272084. Pubmed Central PMCID: PMC3257081. Epub
2012/01/25. eng.

[15] Agar NS, Halliday GM, Barnetson RS, Ananthaswamy HN, Wheeler M, Jones AM.
The basal layer in human squamous tumors harbors more UVA than UVB finger‐
print mutations: a role for UVA in human skin carcinogenesis. Proceedings of the
National Academy of Sciences of the United States of America. 2004 Apr 6;101(14):
4954-9. PubMed PMID: 15041750. Pubmed Central PMCID: PMC387355. Epub
2004/03/26. eng.

[16] Halliday GM. Inflammation, gene mutation and photoimmunosuppression in re‐
sponse to UVR-induced oxidative damage contributes to photocarcinogenesis. Muta‐
tion research. 2005 Apr 1;571(1-2):107-20. PubMed PMID: 15748642. Epub 2005/03/08.
eng.

[17] Harris RB, Alberts DS. Strategies for skin cancer prevention. International journal of
dermatology. 2004 Apr;43(4):243-51. PubMed PMID: 15090005. Epub 2004/04/20. eng.

[18] Cooper KD, Baron ED, Matsui MS. Implications of UV-induced inflammation and
immunomodulation. Cutis; cutaneous medicine for the practitioner. 2003 Sep;72(3
Suppl):11-5; discussion 6. PubMed PMID: 14533825. Epub 2003/10/10. eng.

Skin Cancer Prevention Strategies
http://dx.doi.org/10.5772/55241

229



Author details

Lisa  Passantino1*, Max Costa1 and Mary Matsui2

*Address all correspondence to: lisa.passantino@gmail.com

1 Nelson Institute of Environmental Medicine, New York University, New York, N.Y., USA

2 Estee Lauder Companies, Inc., Melville, N.Y., USA

References

[1] Food and Drug Administration. Labeling and Effectiveness Testing; Sunscreen Drug
Products for Over-the-Counter Human Use. In: Health and Human Services, editor.:
Federal Register; 2011. p. 35620-65.

[2] Barysch MJ, Hofbauer GF, Dummer R. Vitamin D, ultraviolet exposure, and skin can‐
cer in the elderly. Gerontology. 2010;56(4):410-3. PubMed PMID: 20502035. Epub
2010/05/27. eng.

[3] National Cancer Institute. Skin Cancer 2012 [cited 2012 September 20, 2012]. Availa‐
ble from: http://www.cancer.gov/cancertopics/types/skin.

[4] American Academy of Dermatology. Don't seek the sun: Top reasons to get vitamin
D from your diet [web page]. 2012 [april 12, 2011]. Available from: http://
www.aad.org/media-resources/stats-and-facts/prevention-and-care/vitamin-d.

[5] National Council on Skin Cancer Prevention. A growing epidemic: skin cancer in
America 2010 [updated September 21, 2012; cited 2012 September 21, 2012]. Availa‐
ble from: http://www.skincancerprevention.org/.

[6] Greinert R, Boniol M. Skin cancer--primary and secondary prevention (information
campaigns and screening)--with a focus on children & sunbeds. Progress in biophy‐
sics and molecular biology. 2011 Dec;107(3):473-6. PubMed PMID: 21906618. Epub
2011/09/13. eng.

[7] Matsui MS, DeLeo VA. Longwave ultraviolet radiation and promotion of skin can‐
cer. Cancer cells (Cold Spring Harbor, NY : 1989). 1991 Jan;3(1):8-12. PubMed PMID:
2025494. Epub 1991/01/01. eng.

[8] Stahl W, Heinrich U, Aust O, Tronnier H, Sies H. Lycopene-rich products and dietary
photoprotection. Photochemical & photobiological sciences : Official journal of the
European Photochemistry Association and the European Society for Photobiology.
2006 Feb;5(2):238-42. PubMed PMID: 16465309. Epub 2006/02/09. eng.

[9] Elmets CA, Singh D, Tubesing K, Matsui M, Katiyar S, Mukhtar H. Cutaneous photo‐
protection from ultraviolet injury by green tea polyphenols. Journal of the American

Highlights in Skin Cancer228

Academy of Dermatology. 2001 Mar;44(3):425-32. PubMed PMID: 11209110. Epub
2001/02/24. eng.

[10] Wu Y, Jia LL, Zheng YN, Xu XG, Luo YJ, Wang B, et al. Resveratrate protects human
skin from damage due to repetitive ultraviolet irradiation. Journal of the European
Academy of Dermatology and Venereology : JEADV. 2012 Jan 5. PubMed PMID:
22221158. Epub 2012/01/10. Eng.

[11] Afaq F, Khan N, Syed DN, Mukhtar H. Oral feeding of pomegranate fruit extract in‐
hibits early biomarkers of UVB radiation-induced carcinogenesis in SKH-1 hairless
mouse epidermis. Photochemistry and photobiology. 2010 Nov-Dec;86(6):1318-26.
PubMed PMID: 20946358. Pubmed Central PMCID: PMC3016092. Epub 2010/10/16.
eng.

[12] Afaq F, Mukhtar H. Botanical antioxidants in the prevention of photocarcinogenesis
and photoaging. Experimental dermatology. 2006 Sep;15(9):678-84. PubMed PMID:
16881964. Epub 2006/08/03. eng.

[13] Matsui MS, Hsia A, Miller JD, Hanneman K, Scull H, Cooper KD, et al. Non-
sunscreen photoprotection: antioxidants add value to a sunscreen. The journal of in‐
vestigative dermatology Symposium proceedings / the Society for Investigative
Dermatology, Inc [and] European Society for Dermatological Research. 2009 Aug;
14(1):56-9. PubMed PMID: 19675555. Epub 2009/08/14. eng.

[14] Gonzalez S, Gilaberte Y, Philips N, Juarranz A. Fernblock, a nutriceutical with photo‐
protective properties and potential preventive agent for skin photoaging and photo‐
induced skin cancers. International journal of molecular sciences. 2011;12(12):
8466-75. PubMed PMID: 22272084. Pubmed Central PMCID: PMC3257081. Epub
2012/01/25. eng.

[15] Agar NS, Halliday GM, Barnetson RS, Ananthaswamy HN, Wheeler M, Jones AM.
The basal layer in human squamous tumors harbors more UVA than UVB finger‐
print mutations: a role for UVA in human skin carcinogenesis. Proceedings of the
National Academy of Sciences of the United States of America. 2004 Apr 6;101(14):
4954-9. PubMed PMID: 15041750. Pubmed Central PMCID: PMC387355. Epub
2004/03/26. eng.

[16] Halliday GM. Inflammation, gene mutation and photoimmunosuppression in re‐
sponse to UVR-induced oxidative damage contributes to photocarcinogenesis. Muta‐
tion research. 2005 Apr 1;571(1-2):107-20. PubMed PMID: 15748642. Epub 2005/03/08.
eng.

[17] Harris RB, Alberts DS. Strategies for skin cancer prevention. International journal of
dermatology. 2004 Apr;43(4):243-51. PubMed PMID: 15090005. Epub 2004/04/20. eng.

[18] Cooper KD, Baron ED, Matsui MS. Implications of UV-induced inflammation and
immunomodulation. Cutis; cutaneous medicine for the practitioner. 2003 Sep;72(3
Suppl):11-5; discussion 6. PubMed PMID: 14533825. Epub 2003/10/10. eng.

Skin Cancer Prevention Strategies
http://dx.doi.org/10.5772/55241

229



[19] Geller AC, Swetter S. Primary prevention of melanoma UpToDate2012 [updated
June 7, 2012; cited 2012 September 10, 2012]. Available from: http://www.upto‐
date.com/contents/primary-prevention-of-melanoma.

[20] Halliday GM, Rana S. Waveband and dose dependency of sunlight-induced immu‐
nomodulation and cellular changes. Photochemistry and photobiology. 2008 Jan-Feb;
84(1):35-46. PubMed PMID: 18173699. Epub 2008/01/05. eng.

[21] Camouse MM, Domingo DS, Swain FR, Conrad EP, Matsui MS, Maes D, et al. Topi‐
cal application of green and white tea extracts provides protection from solar-simu‐
lated ultraviolet light in human skin. Experimental dermatology. 2009 Jun;18(6):
522-6. PubMed PMID: 19492999. Epub 2009/06/06. eng.

[22] Rossman TG, Uddin AN, Burns FJ. Evidence that arsenite acts as a cocarcinogen in
skin cancer. Toxicology and applied pharmacology. 2004 Aug 1;198(3):394-404.
PubMed PMID: 15276419. Epub 2004/07/28. eng.

[23] Domingo DS, Matsui MS. Photoprotection in Non-Caucasian Skin Based Therapies
for Skin of Color. In: Baron E, editor.: Springer London; 2009. p. 111-34.

[24] Wang SQ, Lim HW. Current status of the sunscreen regulation in the United States:
2011 Food and Drug Administration's final rule on labeling and effectiveness testing.
Journal of the American Academy of Dermatology. 2011 Oct;65(4):863-9. PubMed
PMID: 21821312. Epub 2011/08/09. eng.

[25] National Cancer Institute. Cancer Trends Progress Report - 2011/2012 update. Bethes‐
da, MD: NIH, 2012 August 2012. Report No.

[26] Planta MB. Sunscreen and melanoma: is our prevention message correct? Journal of
the American Board of Family Medicine : JABFM. 2011 Nov-Dec;24(6):735-9. PubMed
PMID: 22086817. Epub 2011/11/17. eng.

[27] Liu W, Wang X, Lai W, Yan T, Wu Y, Wan M, et al. Sunburn protection as a function
of sunscreen application thickness differs between high and low SPFs. Photoderma‐
tology, photoimmunology & photomedicine. 2012 Jun;28(3):120-6. PubMed PMID:
22548392. Epub 2012/05/03. eng.

[28] Green AC, Williams GM, Logan V, Strutton GM. Reduced melanoma after regular
sunscreen use: randomized trial follow-up. Journal of clinical oncology : official jour‐
nal of the American Society of Clinical Oncology. 2011 Jan 20;29(3):257-63. PubMed
PMID: 21135266. Epub 2010/12/08. eng.

[29] Gallagher RP, Rivers JK, Lee TK, Bajdik CD, McLean DI, Coldman AJ. Broad-spec‐
trum sunscreen use and the development of new nevi in white children: A random‐
ized controlled trial. JAMA : the journal of the American Medical Association. 2000
Jun 14;283(22):2955-60. PubMed PMID: 10865273. Epub 2000/06/24. eng.

[30] Huncharek M, Kupelnick B. Use of topical sunscreens and the risk of malignant mel‐
anoma: a meta-analysis of 9067 patients from 11 case-control studies. American jour‐

Highlights in Skin Cancer230

nal of public health. 2002 Jul;92(7):1173-7. PubMed PMID: 12084704. Pubmed Central
PMCID: PMC1447210. Epub 2002/06/27. eng.

[31] Autier P, Boniol M, Dore JF. Sunscreen use and increased duration of intentional sun
exposure: still a burning issue. International journal of cancer Journal international
du cancer. 2007 Jul 1;121(1):1-5. PubMed PMID: 17415716. Epub 2007/04/07. eng.

[32] Schalka S, dos Reis VM, Cuce LC. The influence of the amount of sunscreen applied
and its sun protection factor (SPF): evaluation of two sunscreens including the same
ingredients at different concentrations. Photodermatology, photoimmunology &
photomedicine. 2009 Aug;25(4):175-80. PubMed PMID: 19614894. Epub 2009/07/21.
eng.

[33] USEPA. UV Index 2012 [updated December 7, 2011; cited 2012 September 23, 2012].
Available from: http://www.epa.gov/sunwise/uvindex.html.

[34] American Academy of Dermatology. Indoor Tanning 2012 [cited 2012 September 24,
2012]. Available from: http://www.aad.org/media-resources/stats-and-facts/preven‐
tion-and-care/indoor-tanning.

[35] National Council on Skin Cancer Prevention. Indoor Tanning Beds 2012 [updated
September 23, 2012; cited 2012 September 23, 2012]. Available from: http://www.skin‐
cancerprevention.org/skin-cancer/tanning-beds.

[36] Ibiebele TI, van der Pols JC, Hughes MC, Marks GC, Williams GM, Green AC. Diet‐
ary pattern in association with squamous cell carcinoma of the skin: a prospective
study. The American journal of clinical nutrition. 2007 May;85(5):1401-8. PubMed
PMID: 17490979. Epub 2007/05/11. eng.

[37] Katiyar SK, Matsui MS, Elmets CA, Mukhtar H. Polyphenolic antioxidant (-)-epigal‐
locatechin-3-gallate from green tea reduces UVB-induced inflammatory responses
and infiltration of leukocytes in human skin. Photochemistry and photobiology. 1999
Feb;69(2):148-53. PubMed PMID: 10048310. Epub 1999/02/27. eng.

[38] Eberlein-Konig B, Placzek M, Przybilla B. Protective effect against sunburn of com‐
bined systemic ascorbic acid (vitamin C) and d-alpha-tocopherol (vitamin E). Journal
of the American Academy of Dermatology. 1998 Jan;38(1):45-8. PubMed PMID:
9448204. Epub 1998/02/03. eng.

[39] Stahl W, Heinrich U, Jungmann H, Sies H, Tronnier H. Carotenoids and carotenoids
plus vitamin E protect against ultraviolet light-induced erythema in humans. The
American journal of clinical nutrition. 2000 Mar;71(3):795-8. PubMed PMID:
10702175. Epub 2000/03/04. eng.

[40] Wu Y, Matsui MS, Chen JZ, Jin X, Shu CM, Jin GY, et al. Antioxidants add protection
to a broad-spectrum sunscreen. Clinical and experimental dermatology. 2011 Mar;
36(2):178-87. PubMed PMID: 20804506. Epub 2010/09/02. eng.

[41] Rizwan M, Rodriguez-Blanco I, Harbottle A, Birch-Machin MA, Watson RE, Rhodes
LE. Tomato paste rich in lycopene protects against cutaneous photodamage in hu‐

Skin Cancer Prevention Strategies
http://dx.doi.org/10.5772/55241

231



[19] Geller AC, Swetter S. Primary prevention of melanoma UpToDate2012 [updated
June 7, 2012; cited 2012 September 10, 2012]. Available from: http://www.upto‐
date.com/contents/primary-prevention-of-melanoma.

[20] Halliday GM, Rana S. Waveband and dose dependency of sunlight-induced immu‐
nomodulation and cellular changes. Photochemistry and photobiology. 2008 Jan-Feb;
84(1):35-46. PubMed PMID: 18173699. Epub 2008/01/05. eng.

[21] Camouse MM, Domingo DS, Swain FR, Conrad EP, Matsui MS, Maes D, et al. Topi‐
cal application of green and white tea extracts provides protection from solar-simu‐
lated ultraviolet light in human skin. Experimental dermatology. 2009 Jun;18(6):
522-6. PubMed PMID: 19492999. Epub 2009/06/06. eng.

[22] Rossman TG, Uddin AN, Burns FJ. Evidence that arsenite acts as a cocarcinogen in
skin cancer. Toxicology and applied pharmacology. 2004 Aug 1;198(3):394-404.
PubMed PMID: 15276419. Epub 2004/07/28. eng.

[23] Domingo DS, Matsui MS. Photoprotection in Non-Caucasian Skin Based Therapies
for Skin of Color. In: Baron E, editor.: Springer London; 2009. p. 111-34.

[24] Wang SQ, Lim HW. Current status of the sunscreen regulation in the United States:
2011 Food and Drug Administration's final rule on labeling and effectiveness testing.
Journal of the American Academy of Dermatology. 2011 Oct;65(4):863-9. PubMed
PMID: 21821312. Epub 2011/08/09. eng.

[25] National Cancer Institute. Cancer Trends Progress Report - 2011/2012 update. Bethes‐
da, MD: NIH, 2012 August 2012. Report No.

[26] Planta MB. Sunscreen and melanoma: is our prevention message correct? Journal of
the American Board of Family Medicine : JABFM. 2011 Nov-Dec;24(6):735-9. PubMed
PMID: 22086817. Epub 2011/11/17. eng.

[27] Liu W, Wang X, Lai W, Yan T, Wu Y, Wan M, et al. Sunburn protection as a function
of sunscreen application thickness differs between high and low SPFs. Photoderma‐
tology, photoimmunology & photomedicine. 2012 Jun;28(3):120-6. PubMed PMID:
22548392. Epub 2012/05/03. eng.

[28] Green AC, Williams GM, Logan V, Strutton GM. Reduced melanoma after regular
sunscreen use: randomized trial follow-up. Journal of clinical oncology : official jour‐
nal of the American Society of Clinical Oncology. 2011 Jan 20;29(3):257-63. PubMed
PMID: 21135266. Epub 2010/12/08. eng.

[29] Gallagher RP, Rivers JK, Lee TK, Bajdik CD, McLean DI, Coldman AJ. Broad-spec‐
trum sunscreen use and the development of new nevi in white children: A random‐
ized controlled trial. JAMA : the journal of the American Medical Association. 2000
Jun 14;283(22):2955-60. PubMed PMID: 10865273. Epub 2000/06/24. eng.

[30] Huncharek M, Kupelnick B. Use of topical sunscreens and the risk of malignant mel‐
anoma: a meta-analysis of 9067 patients from 11 case-control studies. American jour‐

Highlights in Skin Cancer230

nal of public health. 2002 Jul;92(7):1173-7. PubMed PMID: 12084704. Pubmed Central
PMCID: PMC1447210. Epub 2002/06/27. eng.

[31] Autier P, Boniol M, Dore JF. Sunscreen use and increased duration of intentional sun
exposure: still a burning issue. International journal of cancer Journal international
du cancer. 2007 Jul 1;121(1):1-5. PubMed PMID: 17415716. Epub 2007/04/07. eng.

[32] Schalka S, dos Reis VM, Cuce LC. The influence of the amount of sunscreen applied
and its sun protection factor (SPF): evaluation of two sunscreens including the same
ingredients at different concentrations. Photodermatology, photoimmunology &
photomedicine. 2009 Aug;25(4):175-80. PubMed PMID: 19614894. Epub 2009/07/21.
eng.

[33] USEPA. UV Index 2012 [updated December 7, 2011; cited 2012 September 23, 2012].
Available from: http://www.epa.gov/sunwise/uvindex.html.

[34] American Academy of Dermatology. Indoor Tanning 2012 [cited 2012 September 24,
2012]. Available from: http://www.aad.org/media-resources/stats-and-facts/preven‐
tion-and-care/indoor-tanning.

[35] National Council on Skin Cancer Prevention. Indoor Tanning Beds 2012 [updated
September 23, 2012; cited 2012 September 23, 2012]. Available from: http://www.skin‐
cancerprevention.org/skin-cancer/tanning-beds.

[36] Ibiebele TI, van der Pols JC, Hughes MC, Marks GC, Williams GM, Green AC. Diet‐
ary pattern in association with squamous cell carcinoma of the skin: a prospective
study. The American journal of clinical nutrition. 2007 May;85(5):1401-8. PubMed
PMID: 17490979. Epub 2007/05/11. eng.

[37] Katiyar SK, Matsui MS, Elmets CA, Mukhtar H. Polyphenolic antioxidant (-)-epigal‐
locatechin-3-gallate from green tea reduces UVB-induced inflammatory responses
and infiltration of leukocytes in human skin. Photochemistry and photobiology. 1999
Feb;69(2):148-53. PubMed PMID: 10048310. Epub 1999/02/27. eng.

[38] Eberlein-Konig B, Placzek M, Przybilla B. Protective effect against sunburn of com‐
bined systemic ascorbic acid (vitamin C) and d-alpha-tocopherol (vitamin E). Journal
of the American Academy of Dermatology. 1998 Jan;38(1):45-8. PubMed PMID:
9448204. Epub 1998/02/03. eng.

[39] Stahl W, Heinrich U, Jungmann H, Sies H, Tronnier H. Carotenoids and carotenoids
plus vitamin E protect against ultraviolet light-induced erythema in humans. The
American journal of clinical nutrition. 2000 Mar;71(3):795-8. PubMed PMID:
10702175. Epub 2000/03/04. eng.

[40] Wu Y, Matsui MS, Chen JZ, Jin X, Shu CM, Jin GY, et al. Antioxidants add protection
to a broad-spectrum sunscreen. Clinical and experimental dermatology. 2011 Mar;
36(2):178-87. PubMed PMID: 20804506. Epub 2010/09/02. eng.

[41] Rizwan M, Rodriguez-Blanco I, Harbottle A, Birch-Machin MA, Watson RE, Rhodes
LE. Tomato paste rich in lycopene protects against cutaneous photodamage in hu‐

Skin Cancer Prevention Strategies
http://dx.doi.org/10.5772/55241

231



mans in vivo: a randomized controlled trial. The British journal of dermatology. 2011
Jan;164(1):154-62. PubMed PMID: 20854436. Epub 2010/09/22. eng.

[42] Williams S, Tamburic S, Lally C. Eating chocolate can significantly protect the skin
from UV light. Journal of cosmetic dermatology. 2009 Sep;8(3):169-73. PubMed
PMID: 19735513. Epub 2009/09/09. eng.

[43] Kopcke W, Krutmann J. Protection from sunburn with beta-Carotene--a meta-analy‐
sis. Photochemistry and photobiology. 2008 Mar-Apr;84(2):284-8. PubMed PMID:
18086246. Epub 2007/12/19. eng.

[44] Druesne-Pecollo N, Latino-Martel P, Norat T, Barrandon E, Bertrais S, Galan P, et al.
Beta-carotene supplementation and cancer risk: a systematic review and metaanaly‐
sis of randomized controlled trials. International journal of cancer Journal interna‐
tional du cancer. 2010 Jul 1;127(1):172-84. PubMed PMID: 19876916. Epub 2009/10/31.
eng.

[45] Melamed ML, Michos ED, Post W, Astor B. 25-hydroxyvitamin D levels and the risk
of mortality in the general population. Archives of internal medicine. 2008 Aug
11;168(15):1629-37. PubMed PMID: 18695076. Pubmed Central PMCID: PMC2677029.
Epub 2008/08/13. eng.

[46] Holick MF. The vitamin D epidemic and its health consequences. The Journal of nu‐
trition. 2005 Nov;135(11):2739S-48S. PubMed PMID: 16251641. Epub 2005/10/28. eng.

[47] National Institutes of Health Office of Dietary Supplements. Dietary supplement fact
sheet: Vitamin D 2012 [cited 2012 September 27, 2012]. Available from: http://
ods.od.nih.gov/factsheets/VitaminD-HealthProfessional/.

[48] Gilchrest BA. The a-B-C-ds of sensible sun protection. Skin therapy letter. 2008 Jun;
13(5):1-5. PubMed PMID: 18648712. Epub 2008/07/24. eng.

[49] Freedman DM, Looker AC, Chang SC, Graubard BI. Prospective study of serum vita‐
min D and cancer mortality in the United States. Journal of the National Cancer Insti‐
tute. 2007 Nov 7;99(21):1594-602. PubMed PMID: 17971526. Epub 2007/11/01. eng.

[50] American Academy of Dermatology and AAD Foundation. Position Statement on
Vitamin D. 2010 December 22, 2010. Report No.

[51] USEPA. Don't Fry Day 2012 [updated July 13, 2012; cited 2012 September 27, 2012].
Available from: http://www.epa.gov/sunwise/dfd.html.

Highlights in Skin Cancer232

Chapter 8

Photodynamic Therapy for Non-Melanoma Skin Cancer

Cintia Teles de Andrade, Natalia Mayumi Inada,
Dora Patricia Ramirez,
Vanderlei Salvador Bagnato and Cristina Kurachi

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/55242

1. Introduction

Skin cancer shows the highest incidence worldwide, among all cancer types, and is mainly
classified in melanoma and non-melanoma subtypes.

Clinical evaluation through dermatoscopy is a widely performed practice, and it is a nonin‐
vasive technique that uses magnification to allow better visualization of the structures
immediately below the skin surface. This examination provides morphological criteria for
distinguishing various lesions types.

Histopathology is considered the gold standard for diagnosis of skin cancer and other dermal
disorders. These two exams together, as well as the location and extent of the injury will
determine the choice of treatment.

Treatments such as surgical excision, cryotherapy, topical application of imiquimod cream and
5-fluorouracil cream, and radiotherapy are commonly chosen based on the depth and exten‐
sion of the lesions. Limitations and side-effects of the conventional therapies motivate the
development of other techniques. Photodynamic therapy (PDT) is presented as an alternative
treatment for basal cell carcinoma (BCC).

PDT has proven to be effective with an excellent cosmetic outcome in the treatment of
superficial BCC (sBCC), and recently published guidelines state that PDT can be an effective
and reliable treatment option for the treatment of thin nodular BCC (nBCC), and actinic
keratosis (AK) [1]. It is a technically simple noninvasive procedure that offers patients at least
equal efficacy and a high level of satisfaction and other cosmetic outcome when compared with
cryotherapy and topical treatments [2].

© 2013 Andrade et al.; licensee InTech. This is an open access article distributed under the terms of the
Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

© 2013 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons 
Attribution License http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution, 
and reproduction in any medium, provided the original work is properly cited.



mans in vivo: a randomized controlled trial. The British journal of dermatology. 2011
Jan;164(1):154-62. PubMed PMID: 20854436. Epub 2010/09/22. eng.

[42] Williams S, Tamburic S, Lally C. Eating chocolate can significantly protect the skin
from UV light. Journal of cosmetic dermatology. 2009 Sep;8(3):169-73. PubMed
PMID: 19735513. Epub 2009/09/09. eng.

[43] Kopcke W, Krutmann J. Protection from sunburn with beta-Carotene--a meta-analy‐
sis. Photochemistry and photobiology. 2008 Mar-Apr;84(2):284-8. PubMed PMID:
18086246. Epub 2007/12/19. eng.

[44] Druesne-Pecollo N, Latino-Martel P, Norat T, Barrandon E, Bertrais S, Galan P, et al.
Beta-carotene supplementation and cancer risk: a systematic review and metaanaly‐
sis of randomized controlled trials. International journal of cancer Journal interna‐
tional du cancer. 2010 Jul 1;127(1):172-84. PubMed PMID: 19876916. Epub 2009/10/31.
eng.

[45] Melamed ML, Michos ED, Post W, Astor B. 25-hydroxyvitamin D levels and the risk
of mortality in the general population. Archives of internal medicine. 2008 Aug
11;168(15):1629-37. PubMed PMID: 18695076. Pubmed Central PMCID: PMC2677029.
Epub 2008/08/13. eng.

[46] Holick MF. The vitamin D epidemic and its health consequences. The Journal of nu‐
trition. 2005 Nov;135(11):2739S-48S. PubMed PMID: 16251641. Epub 2005/10/28. eng.

[47] National Institutes of Health Office of Dietary Supplements. Dietary supplement fact
sheet: Vitamin D 2012 [cited 2012 September 27, 2012]. Available from: http://
ods.od.nih.gov/factsheets/VitaminD-HealthProfessional/.

[48] Gilchrest BA. The a-B-C-ds of sensible sun protection. Skin therapy letter. 2008 Jun;
13(5):1-5. PubMed PMID: 18648712. Epub 2008/07/24. eng.

[49] Freedman DM, Looker AC, Chang SC, Graubard BI. Prospective study of serum vita‐
min D and cancer mortality in the United States. Journal of the National Cancer Insti‐
tute. 2007 Nov 7;99(21):1594-602. PubMed PMID: 17971526. Epub 2007/11/01. eng.

[50] American Academy of Dermatology and AAD Foundation. Position Statement on
Vitamin D. 2010 December 22, 2010. Report No.

[51] USEPA. Don't Fry Day 2012 [updated July 13, 2012; cited 2012 September 27, 2012].
Available from: http://www.epa.gov/sunwise/dfd.html.

Highlights in Skin Cancer232

Chapter 8

Photodynamic Therapy for Non-Melanoma Skin Cancer

Cintia Teles de Andrade, Natalia Mayumi Inada,
Dora Patricia Ramirez,
Vanderlei Salvador Bagnato and Cristina Kurachi

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/55242

1. Introduction

Skin cancer shows the highest incidence worldwide, among all cancer types, and is mainly
classified in melanoma and non-melanoma subtypes.

Clinical evaluation through dermatoscopy is a widely performed practice, and it is a nonin‐
vasive technique that uses magnification to allow better visualization of the structures
immediately below the skin surface. This examination provides morphological criteria for
distinguishing various lesions types.

Histopathology is considered the gold standard for diagnosis of skin cancer and other dermal
disorders. These two exams together, as well as the location and extent of the injury will
determine the choice of treatment.

Treatments such as surgical excision, cryotherapy, topical application of imiquimod cream and
5-fluorouracil cream, and radiotherapy are commonly chosen based on the depth and exten‐
sion of the lesions. Limitations and side-effects of the conventional therapies motivate the
development of other techniques. Photodynamic therapy (PDT) is presented as an alternative
treatment for basal cell carcinoma (BCC).

PDT has proven to be effective with an excellent cosmetic outcome in the treatment of
superficial BCC (sBCC), and recently published guidelines state that PDT can be an effective
and reliable treatment option for the treatment of thin nodular BCC (nBCC), and actinic
keratosis (AK) [1]. It is a technically simple noninvasive procedure that offers patients at least
equal efficacy and a high level of satisfaction and other cosmetic outcome when compared with
cryotherapy and topical treatments [2].
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The term field cancerisation or field effect is frequently used to describe extensive UV damage
with recurrent, multiple AK, and the presence of a tissue with genetically altered cells is a risk
factor for cancer development, representing an indication for topical PDT [3].

Our group has extensive experience in clinical PDT in various areas of medicine as in gyne‐
cology [4], infectious disease [5], and in particular in dermatology [6-7], and in this chapter
will be discussed the advantagens and indications of the PDT for non-melanoma skin cancer
and others conditions.

2. Basic principles

Photosensitized oxidations have been of interest to chemists and biologists since Raab's
discovery that microorganisms are killed by light in the presence of oxygen and sensitizing
dyes [1].

The mechanism of action of photosensitizers is divide in two different types and generally
involves direct oxidation by hydrogen peroxide (H2O2), superoxide anion radical (O2 ∙) and
hydroxyl radical (∙OH) (Type I reaction) of biological targets (membranes, proteins, and
DNA), as well as oxidation mediated by singlet oxygen (1O2) that is mainly formed through
energy transfer from triplet states to molecular oxygen (Type II reaction) [8-10].

The generation of Reactive Oxygen Species (ROS), in both types I or II, are dependent on the
uptake of a photosensitizing dye, often a haematoporphyrin derivative, by the tumor or other
abnormal target tissue, the subsequent irradiation of the tumor with visible light of an
appropriate wavelength, and the presence of molecular oxygen [10]. An adequate concentra‐
tion of molecular oxygen is also needed for tissue damage. If any one of these components is
absent, there is no photodynamic response, and the overall effectiveness therefore requires
careful planning of both tissue photosensitization and light dosimetry.

PDT response is induced by more than one cellular mechanism. A photosensitiser can directly
target the tumor cells, inducing necrosis or apoptosis (Figure 1) [11]. Alternatively, tumor
necrosis can be induced by damaging its vasculature [12].

Figure 1. Treatment procedure for topical PDT. A) Skin cancer lesion; B) Cream application (MAL or ALA); C) Occlusion
of the lesion; D) Illumination; E) Inflammation and tecidual necrosis; F) Curative
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3. Photosensitizers

The photosensitizers are by definition any substance capable of making an organism, a cell or
a substance photosensitive, with the photo-excitation of several types of molecules through
energy transfer processes. Porphyrins, chlorines, phthalocyanines are the three main groups
of studied photosensitizers (PSs). Porphyrins are the most frequently used PSs, but its systemic
administration shows an important adverse factor in Dermatology. Due to the high accumu‐
lation and slow drug clearance from the skin, porphyrins lead to prolonged photosensitization
of the organism after application [13]. The commercially available compounds promote a
patient photosensitization that lasts for 4-6 weeks. These PDT patients must avoid sun
exposure during this period, otherwise skin burns can be induced. This is the major drawback
for indication of PDT in Dermatology.

The development of an ideal PDT sensitizer is still a major challenge since several character‐
istics must be contemplated. Main characteristics are: a) photo-excitation with red-infrared
light; b) low dark toxicity; c) high stability; d) rapid clearance from the body; e) high affinity
to abnormal cells (selectivity), and f) high rate of ROS production.

The main reactions observed with biological molecules are lipid peroxidation (cholesterol),
cycloaddition (2 +2)-protein (reaction with tryptophan) and Diels-Alder reactions upon
molecules in the genetic code (guanine). Porphyrin derivatives are indeed intersting molecules.
Compounds such as porphyrins and chlorins, have the characteristics suitable for use in PDT
due to the high molar extinction coefficients, high absorptivities in the region of the "thera‐
peutic window" (600-800 nm) and with high quantum yields of singlet oxygen production.

PDT can also be performed with topical use of 5-aminolevulinic acid (5-ALA) or by its ester
methyl-aminolevulinate (MAL), which are both precursors in the biosynthesis of protopor‐
phyrin IX (PpIX), a native photosensitizing compound that accumulates in the cells. Proto‐
porphyrin IX (PpIX) has absorption peaks at 505, 540, 580 and 630 nm.

These compounds must be stored in the form of hydrochloride (R-NH3Cl), since in its neutral
form rapidly suffers degradation. Studies including a few with 5-year follow-up, have shown
that ALA and MAL-PDT are comparable to other modalities in the treatment of superficial
lesions considering their efficacy and with equivalent or superior cosmetic outcomes [14-15].
ALA and MAL are not photosensitizers, they are precursors of endogenous PpIX (Figure 2).

Figure 2. Molecular structures of the PpIX precursors.
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The fundamental difference between ALA and its methyl ester (MAL) is the more hydrophobic
character of the MAL. Thus, MAL can better penetrate through the cell membranes and more
easily reaches the deepest epidermal layers. However, the biosynthesis of protoporphyrin IX
production from MAL is slightly more time consuming because of the need of hydrolysis of
this compound.

Chlorin is a photosensitizer indicated in the cases of PDT using i.v. medication. It is derived from
natural or synthetic tetrapyrroles, and an important feature is their strong light absorption in the
spectral region usually above 660 nm. A significant advantage of PDT using chorins is the reduced
duration of cutaneous photosensitivity as compared with other photosensitizers [16].

Recently, eight new chlorins with amphiphilic properties were synthesized from PpIX.
Biological studies of some of these new chlorins indicate the great potential of these com‐
pounds as photosensitizers in PDT [17].

4. Dosimetry

Distinct light sources can be used for PDT. For therapy, the tissue must be irradiated with light
at appropriate wavelengths (within the absorption spectrum of porphyrins). The porphyrins
exhibit a very typical absorption spectrum with the highest peak at approximately 405 nm,
called the Soret-band. Other lower absorption peaks, the Q-bands, are centered at 510, 545, 580
and 630 nm. The absorption band at 630 nm is preferentially used for irradiation since light at
the red spectrum results in a higher skin penetration. Lasers and incoherent light sources
(lamps, light-emitting-diode – LED – lamps and, intense pulsed light – IPL) have been used.
When endoscopic applications are necessary, the activating light has to be delivered through
optical fibers, and laser systems are the best option for this purpose. For dermatological
application, incoherent light sources are more attractive, due to the possibility of distinct
emission geometries and comparable lower cost [18-20].

The therapeutic efficacy of PDT involves administration to the patient of a photosensitizer or
a pro-drug, a waiting time to allow adequate concentration of the sensitizer molecules in the
tumor, and irradiation of the target tissue with a proper wavelength to activate the photosen‐
sitizer generating cytotoxic products, mainly the singlet-oxygen. To trigger cell death, a
minimum number of singlet-oxygen molecules have to be produced. The minimal energy dose
required to achieve the irreversible tissue damage, resulting in tumor necrosis, is called the
threshold dose.

The energy dose is given in Joules per centimeter square (J/cm2), that is the amount of energy
delivered to the tissue per unit area. Light intensity is measured in Watts (W) and corresponds
to the energy per unit of time. One W corresponds to 1 J per 1 second. Irradiance is measured
in Watts per centimeter square (W/cm2), representing the light power delivered to the tissue
surface [19, 21-22]. A simple relationship between light dose (D), irradiance (I) and time (t) is:
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D=I.t (1)

Energy doses delivered for the treatment of basal cell carcinoma and other dermal conditions
are in the range of 40-150 J/cm2 and with irradiances of 40-150 mW/cm2. The PDT illumination
of a BCC lesion of 2 cm of diameter, for example, may be of 8 to 20 minutes, depending on the
chosen irradiation parameters.

5. Clinical results

Nonmelanoma skin cancer is the most frequent one in the world population. Currently,
therapeutic options are surgical ressection, electrocoagulation, curettage, cryotherapy,
immunomodulating agents, cytotoxic agents, chemotherapy, PDT, among others. PDT is a
noninvasive technique with excellent cosmetic outcome, well tolerated by patients and with
good healing results, when used for the initial stages of cancer lesions. Different studies show
the technique effectiveness for BCC (Figure 3 and 4), presenting curative rates ranging from
52.2% to 100% [7, 23-28].

Figure 3. Nodular BCC before (A) and 30 days after (B) PDT, treated with MAL 20% in 2 sessions and dose of 100J/cm2

Figure 4. Superficial BCC before (A) and 30 days after (B) PDT, treated with MAL 20% in 2 sessions and dose of
100J/cm2
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Wolf et al., (1993), in their study treated 70 different lesions – superficial BCC, actinic keratosis
(AK), nodular-ulcerative BCC, squamous cell carcinoma (SCC) and melanoma – using ALA
cream, with dose of 30J/cm² for superficial BCC and AK and 100 J/cm²-300 J/cm² for other
lesions. Results at 12 months showed complete response for AK, 36 of 37 superficial BCC
lesions showed good responses, 5 of 6 SCC, 8 cutaneous metastases of malignant melanoma
were therapeutic failures and other lesions showed a partial response after treatment [23]. In
the study by Calzavara (1994), which also included several lesions (AK, BCC, nodular BCC,
pigmented BCC and SCC), all treated with ALA 20%, there were complete response in 100%
for BCC and AK cases, decreasing to 80% in nodular lesions. Other treated lesions exhibited
low curative rate when evaluated 30 days after treatment. These curative rates decreased to
86.9% in BCC and 50% in nodular BCC in the clinical follow-up done for 29 months [27].
According to the study of Souza et al., (2009), after evaluating 20 patients (showing difficulties,
impediment high risk or rejection of surgical procedure) with BCC and Bowen's disease (BD)
treated with ALA 20%, irradiated at wavelength of 630 nm and doses of 100 to 300 J\cm²,
showed that, after 1 session, presented curative rates of 91.2% at three months and 57.7% at
sixty months [7].

Horn et al., (2003), treated 94 patients with 108 superficial, nodular and mixed BCC lesion with
difficult to treatment (resulting scars from reconstructive surgery extensive, interfering with
normal function of eyelids or lips, or postoperative infections), finding complete response after
3 months in 92% of superficial BCC and 87% of nodular BCC. The cosmetic outcome was
evaluated as excellent or good by investigators in 76% of the lesion after 3 months follow-up,
increasing to 85% at 12 months and 94% at 24 months follow-up [29].

A recent study comparing CO2 laser ablation versus PDT in immunocompetent patients with
multiple AK concluded that both treatments were effective in reduction of AK, but PDT seems
to be superior in terms of reduction of the affected area and overall satisfaction by patients and
clinicians [30].

Foley et al., (2009), conducted a double-blind and placebo-controlled study in primary lesion
of nodular BCC (up to 5 mm in depth) in two medical centers. MAL was used at concentration
of 160 mg/g cream or placebo cream, with three hours of occlusion. The light source applied
was in the range of 570-670 nm, with an irradiance of 50-200 mW/cm² and dose of 75 J/cm². In
total, 131 patients with 150 lesions were included in the study, 66 patients with 75 lesions were
treated with MAL cream and 65 patients with 75 lesions with placebo cream. The treatment
was developed in cycles. The first cycle was conducted in two sessions, with one week interval
between sessions. If the response was partial (≤50% reduction in greatest diameter) after 3
months follow-up, the second cycle was initiated with two more sessions with one week
interval, and monitoring the patient for six months. If the answer was not complete, the
responsible medical team indicated the patient for surgical procedure. The complete response
after 6 months follow-up, with MAL was of 73% (55/75 lesions) versus 27% (20/75 lesions) with
placebo. The response decreases in larger lesion (≥ 10mm in diameter and ≥ 1mm of baseline
depth). The cosmetic outcome of the lesions treated with MAL-PDT was good or excellent in
98% of the cases [24].
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Caekelberg et al., (2009), observed the PDT result after 6 months in 90 patients with superficial
BCC of approximately diameter 10 mm. The complete response rate was of 88.1% with cosmetic
outcome qualified as excellent in 96.25% of patients [25].

Interesting results were achieved in the study of Surrenti et al., (2008), where they evaluated
the PDT response in nodular and superficial BCC. In this study, 118 lesions were treated in 69
patients, located at the chest, face, head, neck and limbs. Superficial BCC were diagnosed in
94 lesions and 24 showed nodular BCC lesions, confirmed by histology. Complete response
was obtained in 84/94 (89.4%) at superficial BCC, and in 12/23 (52.2%) at nodular BCC, when
evaluated at 30 days after the second session. The cosmetic outcome was evaluated as excellent
in 83% of cases and good in the remaining 17% of the cases [28].

Szeimies et al., (2008), compared PDT with surgery to treat superficial BCC between 8-20 mm
size, in 196 patients with 234 lesions. The lesions treated with MAL 160 mg/g, in two sessions,
showed a curative rate of 92.2% compared to 99.2% of the lesions treated with surgery, when
assessed after 3 months of treatment. After 12 months, the cosmetic outcome was considered
by the investigator as good or excellent in 92.8% of patients treated with PDT versus 51.2% of
patients treated with surgery. The recurrence was 9.3% in comparison with 0% for lesions
treated with PDT and surgery, respectively [26]. In nodular BCC treatment curative rates, after
three months, of 91% with PDT versus 98% with surgery were obtained. After 12 months, 96%
of lesions treated with surgery showed complete response compared to the 83% of the lesions
treated with PDT. This study was performed on 97 patients with 105 lesions, all confirmed by
histopathology [31].

In a recent study, (2012), was compared PDT with surgery, in 72 patients with 94 lesions
superficial and nodular BCC with a maximum 3 mm thick. The patients were separated into
two groups according to their choice of treatment, being 48 lesions treated with PDT and 46
with surgery. After 3 months, the curative rate was 95.83 % with PDT versus 95.65% with
surgery. The recurrence rate was, after 12 months, 4.16% for PDT compared to 4.34% for
surgery [32].

Basset-Seguin et al., (2008) presented results comparing PDT with cryotherapy in 118 patients.
The authors used PDT protocol with MAL and two sessions separated by 7 days. The complete
clinical response, after 3 months of treatment, was of 97% with cryotherapy versus 95% with
PDT. Comparing the cosmetic outcome, they obtained excellent and good response in 54%
versus 93% with cryotherapy and PDT, respectively [33].

Another multicenter study made by Aguilar et al., (2010), compared imiquimod and PDT with
surgery in the treatment of 54 Bowen's disease lesions (63%) and 32 superficial BCC lesions (37%).
After 24 months, the curative rate was of 97.5% for surgery, 89.5% for PDT, and 87.5% for
imiquimod. The surgery cost was approximately twice the value when compared to PDT [34].

The differences between the curative results obtained in the different studies is mainly due to
the distinct treament protocols: a) different lesion selection criteria (diameter, length, thickness,
site, previous treatment); b) no standardization of the pre-PDT procedures (shaving, curettage,
scarification); c) distinct drugs (ALA, MAL); d) different cream incubation times (2, 3 and 4
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Another multicenter study made by Aguilar et al., (2010), compared imiquimod and PDT with
surgery in the treatment of 54 Bowen's disease lesions (63%) and 32 superficial BCC lesions (37%).
After 24 months, the curative rate was of 97.5% for surgery, 89.5% for PDT, and 87.5% for
imiquimod. The surgery cost was approximately twice the value when compared to PDT [34].

The differences between the curative results obtained in the different studies is mainly due to
the distinct treament protocols: a) different lesion selection criteria (diameter, length, thickness,
site, previous treatment); b) no standardization of the pre-PDT procedures (shaving, curettage,
scarification); c) distinct drugs (ALA, MAL); d) different cream incubation times (2, 3 and 4
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hours); e) distinct irradiation parameters; f) number of sessions; g) different treatment
evaluation times (1, 3 or 6 months) and time to evaluate recurrence (6 months, 1, 3, 5 or 10
years) [35]. However, thicker lesions and nodular BCC present lower curative rates when
compared to superficial BCC [26, 28, 33, 35]. Furthermore, pretreatment procedures as shaving
or curettage [29], and multiple sessions [15, 36] can increase positive response to PDT [35].

PDT may present some adverse reactions such as photosensitivity, infection, erythema, edema,
pain, among others [24, 37]. In topical PDT, the photosensitive drug is localized in lesion and
consumed after irradiation. Reports of local photosensitivity after treatment are scarce, and
when present, are present in the following 24 hours after irradiation. The systemic PDT, on
the other hand, has a longer photosensitivity time [23]. Infection is a complication that almost
does not occur due to the proven action of PDT for microbiological control [37]. However,
some factors may predispose to this occurrence, such as, diabetes, peripheral vascular disease,
and others. In a study by Wolfe et al., (2007), 700 AK lesions were treated with PDT and only
4 cases of cellulitis were reported, but easily controled by antibiotic therapy [38]. Changes in
pigmentation, hyper and hypopigmentations, are reported in literature as approximately 1%
of all adverse reactions [37]. The pain may be present during irradiation or within 7 days after
treatment. In the study by Morton et al., (2001), only one third of patients treated had pain
qualified between moderate and severe [39]. In the experiment by Ibbotson et al., (2011), during
9 years, different lesions were trated with topical PDT, 16% of patients showed severe pain
and 50% moderate pain [37]. In a multicenter, randomized, controlled and open study,
comparing PDT with surgery it was found that for PDT, 37/100 (37%) of patients had an adverse
reaction versus 14/96 (14,6%) of patients treated with surgery. For PDT, photosensitivity
reaction, which includes sensations of discomfort, burning and erythema was the most
frequent, these reactions were of mild to moderate intensity and easily treated. For surgery,
the more expected reaction was infection, that occured in 5 of the 14 patients and requiring the
use of systemic antibiotics for two weeks [26].

PDT can be associated with other treatment techniques, such as surgery, as described by Willey
et al., (2009). In this study, surgical ressection was associated with PDT with 20% ALA for
recurrence prevention. The PDT protocol consisted of an hour of inoculation and illumination
with a light source with wavelength at 417 nm during 1000 seconds (irradiance of 10 mW/cm²).
The PDT cycles were repeated every 1-2 months for two years. In the first year after first PDT
session, average reduction of lesions appearance was around 80%, reaching values of 95%
reduction by the end of the second year [40].

The recurrence of BCC lesions when treated with traditional techniques has been estimated of
36% after one year of treatment, 61% after two years and 18% after 6 to 10 years of treatment
[41]. For PDT, several studies have been published assessing the lesion recurrence after 1 to 5
[7, 15, 33, 42-43], 6 and 10 years of treatment [44].

In the clinical study done by Souza et al., (2009), the treated patients were monitored (or
followed) for 60 months. The lesion recurrence was presented in 11/26 lesions (42.3%), the
recurrence depending on the lesion types were of 2/5 for nodular BCC, 2/6 for superficial BCC
and 7/15 to Bowen's disease [7].
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According to Basset-Seguin et al., (2008), recurrence after 5 years of PDT in 103 superficial BCC,
using MAL, was of 22%, all present in the first three years after treatment. This rate is compa‐
rable with the one obtained in patients treated with cryotherapy [33]. In the study by Mosterd
et al., (2008), 83 nodular BCC were treated with 20% ALA-PDT and fractionated irradiation
with a total dose of 150J/cm². A recurrence rate of 30.3% were obatined after 3 years. In this
study, the thicknesses of 78 lesions were measured and an increased failure risk was present
in thicker lesions, over 1.3 mm (42.2%), when compared to the thinner ones (15,5%) [42]. In a
study by Rhodes et al., (2004), 53 nodular BCC, treated with MAL-PDT, a recurrence rate of
14% was observed after 5 years of treatment. A recurrence in 5/40 lesions treated with one PDT
session and 2/9 treated with two PDT sessions, occuring especially in the first two years of
treatment. When compared with surgery, the recurrence rate decreases to 4% [31]. Similar
results were reported in a study of Szeimies et al., (2008), with recurrence rates for PDT of 9.3%
and 0% for surgery, in a follow-up of 12 months [24].

Another study evaluating 157 BCC lesions (111 superficial BCC, 40 nodular BCC and 6
histology missing) in 90 patients treated with two sessions of MAL-PDT, recurrence rates
estimated of 7% in the first 3 months, 19% in 6 months, 27% in 12 months and 31% in 24 months
after treatment were obtained. When comparing recurrence rates at 12 months of nodular and
superficial BCC the rates were of 28% versus 13%, respectively [43].

Christensen et al, (2009), classified 60 BCC (24 nodular BCC e 36 superficial BCC), according to
size, as smaller than 1 cm, between 1-2 cm and larger than 2 cm. All lesions were curetted and
DMSO was applied at the site for 5 min, then 20% ALA cream was applied and kept in position
for 3 hours. PDT procedure was performed in one or two sessions. After 6 years follow up, 43/53
(81%) of lesions still showed complete response. Five patients were excluded for presenting partial
response to treatment in the first three months and two patients died at the onset of follow-up
period from causes unrelated to study. The recurrences were present before three years, with two
thirds of these presented in the first 12 months. The average age of the patients with recurrence
was of 76 y.o. for men and 77 for women. Considering lesion size, no statistical difference was
observed because only one lesion measured more than 2 cm [45]. The follow up of 10 years, showed
an overall curative rate of 75%, 60% for lesions treated with one session and 81% for two ses‐
sions, all recurrence cases were presented in the first three years [44].

Multiple factors have been associated with recurrence in the different studies. Few sessions
are associated with high recurrence rates. One PDT session is the major factor for treatment
failure [33, 44, 46]. In the study by Soler et al., (2001), 33 lesions presented recurrence, 29 of
them treated with a single session and four treated with two sessions [46]. Similar data were
found by Christensen et.al., (2009), where 43/53 lesions remained disease-free; 68% after one
treatment session and 91% after two treatment session [45].

Size and thickness are factors that also affect lesion recurrence. The study by Mosterd et al.,
(2008), presented recurrence rates of 42% in the lesions with ≥ 1,3 mm thickness, and of 15.5%
for lesions ≤ 1,3 mm. Horn et al., (2003), showed an increased recurrence associated with lesion
size when evaluated 24 months after treatment. Lesions of 0-15 mm presented 4% recurrence,
increasing to 16% in lesions of 16-30mm and greater than 30mm, 33% [29].
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Author and type of

study
Treatment Procedure Study size Result

Soler et al., (2001)

Retrospective study [46]

MAL 160 mg/g

Preparation prior PDT:

Debulking procedure was performed

on all nodular.

Total: 310 lesion

131 sBCC

82 nBCC ≤ 2mm thickness

86 nBCC ≥2mm thickness

3 mo, Complete Response

91% sBCC

93% nBCC thin

86% nBCC thick

11% Recurrence at 35 mo

Horn et al., (2003)

Open-label study [29]

MAL 160 mg/g cream

Pre-PDT procedure in nodular lesions:

Shaving.

Total:108 lesions

49 sBCC

52 nBCC

7 mixed BCC

3 mo, Complete Response

92% sBCC

87% nBCC

57% mixed BCC

9% Recurrence at 12 mo

18% Recurrence at 24 mo

Basset –Seguin et al., (2008)

Randomized, comparative,

multicenter study [33]

MAL cream

Preparation pre-PDT:

Surface debridement

Total 201 lesions

103 sBCC with PDT

98 sBCC with cryotherapy

3 mo, Complete response

97% PDT

95% Cryotherapy

Recurrence at 5 years

22% PDT

20% Cryotherapy

Szeimies et al., (2008)

multicentre, randomised,

controlled, open study [26]

MAL 160 mg/g cream

Preparation pre-PDT:

remove scales and crust of lesion

surface

Total 196 lesions

100 sBCC with PDT

96 sBCC with surgery.

3 mo Complete response

92.2% PDT

99.2% Surgery

Recurrence at 12 mo

9.3% PDT

0% Surgery

Christensen et al., (2009) and

(2012)

Prospective study study

[44-45]

ALA 20%

DMSO 99%

Preparation pre-PDT: curettage

Total:60 lesion

24 sBCC

36 nBCC

3 mo, Complete response

92% total lesion

72 mo, Complete response

81% total lesion

120mo, Complete response

75% total lesion

Lindberg-Larsen et al., (2012)

Retrospective study [43]

MAL 160 mg/g

Preparation pre-PDT:

Superficial lesions were debrided.

Nodular lesions were curetted

Total: 157 lesion

111 sBCC

40 nBCC

6 unknown

3 mo Complete response

93% lesion

Recurrence at 12 mo:

nBCC 28%

sBCC 13%

Cosgarea et al., (2012)

prospective, comparative,

controlled, clinical study [32]

ALA 20% cream

Preparation pre-PDT: remove scales

and crusts of lesion surface

Total 94 sBCC

48 lesions with PDT

46 lesions with Surgery

3 mo Complete response

95.83% PDT

95.65% Surgery
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Recurrence at 12 mo

4.16% PDT

4.34% Surgery

Table 1. Study results of topical PDT for non melanoma skin cancer

A higher recurrence rate is also present at nodular BCC, when compared to the superficial BCC
[43, 46]. Age can be a factor that increases the lesion recurrence treated with PDT, other
potential factors are gender and lesion site [43].

6. Non-oncological and off-label pdt applications in dermatology

PDT is already approved for the treatment of actinic keratosis and basal cell carcinoma. Off-
label uses for PDT have been indicated for several dermatological conditions such as photo-
damaged  skin,  scleroderma,  warts,  cutaneous  leishmaniosis,  psoriasis,  cutaneous  T-cell
lymphoma and acne [20, 47]. Infectious disease has the potential to become one of the main
indications of PDT in Dermatology. The microbiological control of bacteria, fungi and protozoa
in infected lesions has been presented [48-51]. Onychomicosis is one of the new indications, where
PDT presents good results even in cases where the antifungal systemic therapy failured (Paula-
da-Silva, A. et al., Fast elimination of onychomycosis by hematoporphyrin derivative-photody‐
namic therapy. Accepted by Photodiagnosis and Photodynamic Therapy on December2012).

7. Final considerations

PDT is a noninvasive technique, with few potential adverse reactions, that presents good
curative rates and excellent cosmetic outcome. It may be chosen as a first option for patients
with small lesions of nonmelanoma skin cancer, especially the ones in complex sites for surgical
ressection or in high risk patients.

PDT protocols and customized dosimetry for each target skin lesion still need to be defined.
The development of new PDT drugs and delivery systems has the potential of increasing the
curative rates of the present protocols. Instrumentation of light sources designed to adapt the
emission geometry to the anatomical site characteristics is also important to improve PDT
performance in cancer treatment.

The local treatment of infected lesions and cosmetics are PDT indications that have been fastly
increasing. New protocols and drugs have been investigated, as well as new light devices
developed, making PDT in Dermatology an exciting and growing field.
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1. Introduction

This chapter reviews 1) the incidence, mortality, and risk factors for skin cancer, 2) the efficacy,
cost-effectiveness, and frequency of skin cancer screening, 3) behavioral interventions to
improve engagement in skin cancer screening, and 4) issues related to screening of special
populations.

2. Melanoma and non-melanoma incidence, mortality and risk factors

Skin cancer is the most common cancer in the US, with almost three million individuals being
diagnosed annually [1]. Both melanoma and non-melanoma (or keratinocyte) skin cancer
(NMSC) incidence rates have been increasing in recent decades [2]-[4]. In 2012, melanoma is
predicted to be the fifth most common cancer among US men and the sixth most common
cancer among women [2]. Risk factors for melanoma and NMSC include male sex, age over
50 years, personal or family history of melanoma or NMSC, red hair, blue or green eyes,
Fitzpatrick skin type I (very fair skin sensitive to ultraviolet radiation [UV]) with freckles,
actinic keratosis on the head, familial atypical mole-melanoma syndrome, or numerous (i.e.,
> 100) moles [2], [5]-[15]. Additionally, many melanomas and NMSCs can be attributed to UV
exposure such as via outdoor occupations, one blistering sunburn prior to age 18, multiple
sunburns at any age, or indoor tanning [15]-[21].
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1. Introduction

This chapter reviews 1) the incidence, mortality, and risk factors for skin cancer, 2) the efficacy,
cost-effectiveness, and frequency of skin cancer screening, 3) behavioral interventions to
improve engagement in skin cancer screening, and 4) issues related to screening of special
populations.

2. Melanoma and non-melanoma incidence, mortality and risk factors

Skin cancer is the most common cancer in the US, with almost three million individuals being
diagnosed annually [1]. Both melanoma and non-melanoma (or keratinocyte) skin cancer
(NMSC) incidence rates have been increasing in recent decades [2]-[4]. In 2012, melanoma is
predicted to be the fifth most common cancer among US men and the sixth most common
cancer among women [2]. Risk factors for melanoma and NMSC include male sex, age over
50 years, personal or family history of melanoma or NMSC, red hair, blue or green eyes,
Fitzpatrick skin type I (very fair skin sensitive to ultraviolet radiation [UV]) with freckles,
actinic keratosis on the head, familial atypical mole-melanoma syndrome, or numerous (i.e.,
> 100) moles [2], [5]-[15]. Additionally, many melanomas and NMSCs can be attributed to UV
exposure such as via outdoor occupations, one blistering sunburn prior to age 18, multiple
sunburns at any age, or indoor tanning [15]-[21].
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3. Efficacy of skin cancer screening

During a total cutaneous examination (TCE), the healthcare professional uses observation by
sight, sometimes augmented by serial photography and/or dermoscopy to detect not only skin
cancer but also risk factors for skin cancer (e.g., actinic keratoses) [22]. Suspicious lesions may
then be biopsied and examined histologically. TCE also allows the healthcare professional the
opportunity to educate the patient regarding their risk of skin cancer [22]-[24]. Screening of
those at high risk for skin cancer detects tumors at an earlier stage when tumors are thinner,
resulting in lower mortality rates [25]-[31]. Due to their clinical training and expertise,
dermatologists are able to detect melanoma tumors during an early stage of growth, whereas
patients may not notice a tumor until it is noticeably thick [32]-[34]. To date there are no major
randomized controlled trials assessing the efficacy of TCE, but a case-control study found that
melanoma patients who had a TCE in the three years prior to their diagnosis were 14% less
likely to have thick melanoma, resulting in 26% fewer deaths [25]. Specificity for detection of
melanoma through TCE is comparable to that of other cancer screening tests [35]. Most
professional organizations recommend total cutaneous examination (TCE) for high risk
individuals [1], [36]-[38], and some recommend population screening [39]; although, in 2009
the US Preventive Services Task Force concluded that there was insufficient evidence to
recommend skin cancer screening for the general adult population [40].

Patients and their family/friends are the first to spot half to three quarters of all melanomas
[41]-[45]. To perform SSE, individuals are instructed to carefully examine all of their skin for
abnormal spots following the “ABCDE” criteria: asymmetry, irregular borders, variation in
color, large diameter (i.e., >6mm or a pencil eraser), and evolving (i.e., a changing spot) [46].
Skin self-examination (SSE) is associated with thinner tumors [47], may shorten the time to
diagnosis [48], and may reduce melanoma mortality by up to 63% [49]. Both the National
Cancer Institute [38] and the American Cancer Society [36] recommend monthly SSE.

4. Cost-effectiveness and frequency of skin cancer screening

Because of its high prevalence, NMSC is among the mostly costly cancers to treat among the
Medicare population [50]. SSEs are cost-effective in that people can perform them on their own;
however, there is the potential for otherwise unnecessary medical visits. Screening programs
with cost ratios less than $50K per year of life saved are said to be cost-effective [51]-[54]. Two
studies found that dermatologist skin cancer screening for individuals 50 years of age or older
is cost-effective with costs of $10-$16K per quality-adjusted life year [QALY] saved overall and
$35K per QALY for biennial screening of siblings of melanoma patients; whereas, annual
screening of the general population is not cost-effective [52], [53]. A 1996 Australian study of
the cost-effectiveness of every five-year screenings by family practice physicians of men over
50 years of age found a cost-effectiveness of $6.9K per QALY [55]. In comparison, the cost-
effectiveness ratios for biennial mammography for women ages 50-69 years and for colorectal
cancer screening every five years after age 50 are $30.5K and $47.4K per QALY saved,
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respectively [51], [54]. With the introduction of the Patient Protection and Affordable Care Act,
those previously without health insurance will have access to medical care [56]. In addition,
this law will increase the focus on prevention of chronic illnesses such as cancer [57].

Although efficacious and cost-effective, rates of ever having had a TCE are low at approxi‐
mately 15-17% among US adults [58], [59]. Despite the recommendation from some organiza‐
tions for monthly SSE, SSE rates are also suboptimal. US and Australian studies conducted
from 1991 to 2004 found that only 23-61% of individuals performed SSE at least annually [60]-
[66]. A study of Scottish patients also noted that approximately one third of patients did not
seek medical attention until more than three months after noticing a worrisome pigmented
lesion, potentially contributing to thicker melanomas [67]. Due to the relatively low rates of
skin cancer screening, it is important to identify efficacious and cost-effective interventions to
increase engagement in screening behavior, particularly among high risk groups such as men
50 years of age and older.

5. Psychosocial barriers to skin cancer screening

Several psychosocial variables have been found to be associated with skin cancer screening.
Dermatologists’ main reason for not conducting TCE is patients’ perceived embarrassment or
reluctance [68]. An Australian study found that having a TCE in the past three years was
associated with having a positive attitude toward skin cancer screening [69]. TCE intentions
were higher among first-degree relatives of melanoma patients reporting greater physician
and family support and perceiving greater benefits (e.g., to prevent cancer) of and lesser
barriers (e.g., not enough time, anxiety) to TCE [70]. Barriers to TCE reported by Australian
employees included fear of being diagnosed and difficulty attending appointments during
work hours [71]. SSE has been found to be associated with higher SSE self-efficacy (i.e., SSE-
related confidence) [72] and perceived benefits of and barriers to SSE [73] among melanoma
patients/survivors. Intentions to receive SSE were higher among individuals with higher
family support and higher benefits and lower barriers to self-examination [70]. SSE-related
benefits were the strongest predictor of SSE among individuals from families with familial
atypical multiple mole melanoma [74]. Other barriers to self-detection include limited ability
to recall the skin’s appearance and undercounting the number of moles on the skin [75].
Physicians, family, and media may serve as cues to action in skin cancer prevention and
detection [76].

6. Prior interventions to increase skin cancer screening

Community and mass media campaigns (e.g., SkinWatch) that have increased TCE have been
conducted mostly in Australia [35], [77]. For example, SkinWatch, a three-year Australian rural
and regional community-based randomized controlled trial, involved community education
(“self-help guide” to skin examination and melanoma risk factors, available in physicians’
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waiting rooms), a media campaign (press regarding the program and advertisements), and
volunteer recruitment and activities (training of a “Volunteer SkinWatch Coordinator” in each
community to serve as liaison between the community and research team). More than 16,000
people attended SkinWatch screening clinics conducted by general practitioners and special
screening services [78], [79]. By two years, screening rates almost tripled in intervention
communities [35]. Screening attendance was associated with age 40-49 years, fair skin, personal
history of skin cancer, concern about a spot or mole, and not having had a recent TCE [80].
Reasons endorsed for failing to attend screening services included a lack of knowledge
regarding services, not having time to attend services, and having had a TCE recently [80]. A
few studies assessing interventions to increase TCE have found low (2-19%) uptake rates even
among high risk populations [28], [81]. On the other hand, a more recent Australian study
found that 71% of employees attended a free workplace skin cancer screening [71]. Finally,
Manne and colleagues [82] found that a tailored print intervention increased TCE intentions
and performance among first degree relatives of melanoma patients.

Interventions that have increased SSE through 1-year follow up among the general population
have included in person and telephone approaches, videos, pamphlets, and free TCE [83]-[87].
For high risk populations such as melanoma patients and their family members, two UK and
US groups have found success at 3-6 months using Skinsafe, an interactive multimedia
intervention including characteristics of skin at risk, early signs of melanoma, personalized
risk feedback, and SSE instruction [88], [89]. Other interventions have included the approaches
used for general populations as well as personalized risk feedback, diaries and body maps,
tailored recommendations and reminders, workbooks, a couple-based approach, guided
imagery, and the use of photos of moles [75], [88], [90]-[99]. In general, interventions that have
significantly increased skin cancer screening have tended to target high risk populations and
be interactive and individually tailored based on personal characteristics, attitudes, and
behaviors [92], [94].

7. Special populations

7.1. Older men

It is well-documented that men, particularly those aged 50 years and older, have higher
incidence of, as well as morbidity and mortality from melanoma than other demographic
groups [1], [100]-[103]. During the past decade, the incidence of thick melanomas (i.e., 4 mm)
in the US increased significantly only in men 60 years of age and older [1]. A recent analysis
of four phase III trials found that women had a consistent 30% advantage in all aspects of
localized melanoma progression, which they attribute to a variety of potential tumor- and host-
related biologic sex difference [100]. Studies have found that women are also more likely than
men to do SSE [48], [60], [61], [63], [65], [66], [104-[107], intend to do TCE [108], and detect
melanomas [42], [44]. Figure 1 shows US TCE rates in 2005 among various demographic
groups.
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Health interventions targeted specifically to men may benefit from a consideration of mascu‐
linity [109]-[117]. For example, one study found that more masculine college students were
more likely to intend to do SSE if they received a worry control versus a response-efficacy (i.e.,
screening can detect skin cancer when it’s most treatable) message [115]. Studies have found
barriers to healthcare utilization and prevention among men that may be related to a stereo‐
typical masculine identity including discomfort with communication, feelings of vulnerability
or invincibility, and even homophobia [111]. Thus, interventions for men should emphasize
“masculine norms” such as self-reliance, emotional control, and power [109]. A few European
and Australian interventions targeting middle-aged and older men included male celebrity
modeling, use of photos, a website, free exams, and education and were successful in increas‐
ing SSE [114], [118], [119] and TCE [120]-[122]. Geller and colleagues (2006) also recommend
a national survey to assess men for risk factors, perceived susceptibility, attitudes toward TCE
and SSE, perceived barriers, and potential social supports [113].

Adapted from [59]

Figure 1. Adjusted predicted value (%) for having total-body skin examination among US adults, National Health In‐
terview Survey, 2005
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7.2. Young adults

Melanoma is the second most common cancer (after lymphomas) in adolescents and adults
younger than age 30 in the US [123]. The high rates of melanoma in this age group can likely
be explained by high ultraviolet (UV) radiation exposure and low sun protection rates early
in life [124], [125]. About one in three adolescents and young adults report intentional
sunbathing [126]-[128], and 40-60% of college students have used indoor tanning booths, with
higher rates among women [129]-[131]. In addition, sunscreen use is poor in this age group,
with 50-85% failing to routinely wear sunscreen when outdoors [132], [133].

Some organizations recommend regular skin cancer screening beginning at 20 years of age
[36], [38]. However, results of the 2000 National Health Interview Surveys showed that only
7% of young adults aged 18-29 years had ever received a TCE, down from 11% in 1998 [134].
Physicians tend to neglect young adults as a group that does not need skin cancer detection
counseling [135], [136]. In addition, few studies have examined skin exam rates in young
adults. Routine skin exams are largely recommended for those at high risk of skin cancer
(usually older adults) [8], but the increasing rates of skin cancer in young adults indicates a
potential need for culturally-appropriate interventions to increase skin exams in this age
group, particularly among high risk populations such as individuals with a family history of
skin cancer or indoor tanners. Skin cancer prevention interventions for young adults benefit
from a focus on the negative effects on appearance stemming from UV exposure [137], [138].
Similar appearance-oriented interventions to increase skin cancer screening could focus on the
effects of biopsies and skin surgeries if skin cancer is not detected early.

7.3. Racial and ethnic minorities

While white individuals are at higher risk for melanoma, non-white individuals tend to be
diagnosed at later stages and have poorer survival [139], [140]. Specifically, ethnic minorities
are 1.96 to 3.01 times more likely to die of melanoma, as compared to Whites of the same age
and sex [139], [141], [142]. There are likely biological factors that play a role in this disparity
[140]. However, another reason for later detection may be that race/ethnicity may be a proxy
for some other demographic factors such as poorer SES, lower education, poorer access to
healthcare, linguistic barriers, medical distrust, and occupational hazards such as UV exposure
[140]. Though skin cancer rates are lower in racial and ethnic minority groups, they are not
immune from this disease. Therefore, efforts should be made by healthcare professionals to
educate these groups regarding their risk and signs of skin cancer.

Few studies have been conducted to determine the prevalence of TCE and SSE among racial
and ethnic minority groups. One study found the rate for ever having had a TCE in Hispanic
Whites was 3.7%, compared to 8.9% in non-Hispanic Whites [134]. Another study found rates
of 16.2% in Blacks and 17.1% in Hispanics for regularly receiving TCE, compared to 25.5% of
Whites [14]3. A study of US university students found that 7.7% of Asian, 12.5% of Black, and
14.3% of Hispanic students reported ever having performed SSE (compared to 39.5% of White
students) [144]. A study conducted by Pipitone and colleagues (2002) compared SSE in 27
Hispanic and 113 White individuals, finding that none of the 27 Hispanics reported ever being
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taught SSE [145]. In addition, the Hispanics reported not being told to perform SSE as often as
non-Hispanics were.

7.4. Other underserved populations

Particular attention to underserved populations (e.g., based on education, older age, rural/
urban status, etc.) is needed. Demographic variables found to increase prevalence and/or
severity of melanoma include urban residence in some cases, lower educational level, not
being married, and being retired [31], [47], [146], [147]. TCE rates have been found to be
lower among some demographic  groups such as  non-whites  [59],  individuals  with high
occupational UV exposure or lack of health insurance [148], lower educational levels [70],
[148], unmarried men [70], and men living in metropolitan areas [114]. Rates of SSE have
also been found to be higher among dermatology clinic patients and in younger adults as
opposed to  adults  older  than  50  [48],  [60],  [106].  Skin  examination  behaviors  are  influ‐
enced by factors such as skin cancer awareness, socio-economic status, and sociocultural
values. Perceived risk for and knowledge regarding skin cancer is poor, especially among
blacks and those with lower education levels [149]-[153]. Analysis of results from the Health
Information National Trends Survey also showed that Blacks, the elderly, and people with
less  education  all  perceived  themselves  as  being  at  reduced  risk  for  skin  cancer  [149].
Furthermore,  these groups,  along with Hispanics,  tended to believe that  they could not
reduce  their  skin  cancer  risk  or  that  recommendations  for  risk  reduction  were  too  un‐
clear  for  them  to  adopt  appropriate  strategies  [149].  Interventions  designed  to  address
health disparities should be culturally appropriate, inexpensive, easy to use, be appropri‐
ate  for  low  health  literacy  levels,  easily  disseminated,  address  access  to  care,  utilize
tailoring, and involve the community when possible [113], [154]-[158]. Additionally, when
developing  interventions  for  an  older  population,  it  is  important  to  keep  in  mind  de‐
clines in cognitive abilities and a reliance on affective decision making as a result of such
declines [159], [160].

8. Conclusion

Skin cancer is common and increasing in incidence. Skin cancer screening is efficacious and
cost-effective in detecting more curable skin cancers. However, engagement in skin cancer
screening is relatively low, even among high risk populations. Thus, research indicates a need
for improved skin cancer screening interventions especially among high risk populations such
as individuals with a personal or family history of skin cancer and older men. Several behav‐
ioral interventions have been developed and have demonstrated some promise in increasing
skin cancer exams. However, health disparities in melanoma incidence, morbidity, and
mortality exist as well as disparities in engagement in skin cancer detection. These disparities
indicate a need for sensitive and culturally-appropriate behavioral interventions. Researchers
should attend to individuals with low health literacy levels when designing these interven‐
tions. Young adults should also be educated regarding their risk for skin cancer and how to
do skin exams, given the increasing rates of skin cancer in this age group. Future research on
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with 50-85% failing to routinely wear sunscreen when outdoors [132], [133].

Some organizations recommend regular skin cancer screening beginning at 20 years of age
[36], [38]. However, results of the 2000 National Health Interview Surveys showed that only
7% of young adults aged 18-29 years had ever received a TCE, down from 11% in 1998 [134].
Physicians tend to neglect young adults as a group that does not need skin cancer detection
counseling [135], [136]. In addition, few studies have examined skin exam rates in young
adults. Routine skin exams are largely recommended for those at high risk of skin cancer
(usually older adults) [8], but the increasing rates of skin cancer in young adults indicates a
potential need for culturally-appropriate interventions to increase skin exams in this age
group, particularly among high risk populations such as individuals with a family history of
skin cancer or indoor tanners. Skin cancer prevention interventions for young adults benefit
from a focus on the negative effects on appearance stemming from UV exposure [137], [138].
Similar appearance-oriented interventions to increase skin cancer screening could focus on the
effects of biopsies and skin surgeries if skin cancer is not detected early.

7.3. Racial and ethnic minorities

While white individuals are at higher risk for melanoma, non-white individuals tend to be
diagnosed at later stages and have poorer survival [139], [140]. Specifically, ethnic minorities
are 1.96 to 3.01 times more likely to die of melanoma, as compared to Whites of the same age
and sex [139], [141], [142]. There are likely biological factors that play a role in this disparity
[140]. However, another reason for later detection may be that race/ethnicity may be a proxy
for some other demographic factors such as poorer SES, lower education, poorer access to
healthcare, linguistic barriers, medical distrust, and occupational hazards such as UV exposure
[140]. Though skin cancer rates are lower in racial and ethnic minority groups, they are not
immune from this disease. Therefore, efforts should be made by healthcare professionals to
educate these groups regarding their risk and signs of skin cancer.

Few studies have been conducted to determine the prevalence of TCE and SSE among racial
and ethnic minority groups. One study found the rate for ever having had a TCE in Hispanic
Whites was 3.7%, compared to 8.9% in non-Hispanic Whites [134]. Another study found rates
of 16.2% in Blacks and 17.1% in Hispanics for regularly receiving TCE, compared to 25.5% of
Whites [14]3. A study of US university students found that 7.7% of Asian, 12.5% of Black, and
14.3% of Hispanic students reported ever having performed SSE (compared to 39.5% of White
students) [144]. A study conducted by Pipitone and colleagues (2002) compared SSE in 27
Hispanic and 113 White individuals, finding that none of the 27 Hispanics reported ever being
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taught SSE [145]. In addition, the Hispanics reported not being told to perform SSE as often as
non-Hispanics were.

7.4. Other underserved populations

Particular attention to underserved populations (e.g., based on education, older age, rural/
urban status, etc.) is needed. Demographic variables found to increase prevalence and/or
severity of melanoma include urban residence in some cases, lower educational level, not
being married, and being retired [31], [47], [146], [147]. TCE rates have been found to be
lower among some demographic  groups such as  non-whites  [59],  individuals  with high
occupational UV exposure or lack of health insurance [148], lower educational levels [70],
[148], unmarried men [70], and men living in metropolitan areas [114]. Rates of SSE have
also been found to be higher among dermatology clinic patients and in younger adults as
opposed to  adults  older  than  50  [48],  [60],  [106].  Skin  examination  behaviors  are  influ‐
enced by factors such as skin cancer awareness, socio-economic status, and sociocultural
values. Perceived risk for and knowledge regarding skin cancer is poor, especially among
blacks and those with lower education levels [149]-[153]. Analysis of results from the Health
Information National Trends Survey also showed that Blacks, the elderly, and people with
less  education  all  perceived  themselves  as  being  at  reduced  risk  for  skin  cancer  [149].
Furthermore,  these groups,  along with Hispanics,  tended to believe that  they could not
reduce  their  skin  cancer  risk  or  that  recommendations  for  risk  reduction  were  too  un‐
clear  for  them  to  adopt  appropriate  strategies  [149].  Interventions  designed  to  address
health disparities should be culturally appropriate, inexpensive, easy to use, be appropri‐
ate  for  low  health  literacy  levels,  easily  disseminated,  address  access  to  care,  utilize
tailoring, and involve the community when possible [113], [154]-[158]. Additionally, when
developing  interventions  for  an  older  population,  it  is  important  to  keep  in  mind  de‐
clines in cognitive abilities and a reliance on affective decision making as a result of such
declines [159], [160].

8. Conclusion

Skin cancer is common and increasing in incidence. Skin cancer screening is efficacious and
cost-effective in detecting more curable skin cancers. However, engagement in skin cancer
screening is relatively low, even among high risk populations. Thus, research indicates a need
for improved skin cancer screening interventions especially among high risk populations such
as individuals with a personal or family history of skin cancer and older men. Several behav‐
ioral interventions have been developed and have demonstrated some promise in increasing
skin cancer exams. However, health disparities in melanoma incidence, morbidity, and
mortality exist as well as disparities in engagement in skin cancer detection. These disparities
indicate a need for sensitive and culturally-appropriate behavioral interventions. Researchers
should attend to individuals with low health literacy levels when designing these interven‐
tions. Young adults should also be educated regarding their risk for skin cancer and how to
do skin exams, given the increasing rates of skin cancer in this age group. Future research on
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skin exams might benefit from the incorporation of new technology, such as use of smart‐
phones and other wireless devices. Such approaches might enhance needed dissemination of
efficacious interventions to the public.
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1. Introduction

Skin cancer represents a major, and growing, public health problem, and is the most common
type of cancer observed in Caucasians [1-3]. The three most common forms of skin cancer are
basal cell carcinoma (BCC), squamous cell carcinoma (SCC) and melanoma. BCC and SCC are
together known as non-melanoma skin cancers (NMSC), and are both derived from keratino‐
cytes whereas melanomas are derived from melanocytes [3-6]. SCCs can undergo metastasis;
BCCs rarely do, while melanomas can be highly metastatic [5, 6].

The ultraviolet (UV) radiation component of sunlight is acknowledged to be the main carci‐
nogen implicated in the formation of skin cancer. UV radiation can be divided into three
components: UVC (100-280 nm), UVB (280-320 nm) and UVA (320-400 nm). Ozone depletion,
seasonal and weather variations affect the amount of UV radiation reaching the Earth’s surface
[7]. UVC and most of the UVB radiation emitted from the sun is blocked from reaching the
Earth’s surface by the ozone layer. The component of UV light that reaches the Earth’s surface
consists of 90-95% UVA and 5-10% UVB [3, 8]. The penetration of shorter-wavelength UVB
radiation is predominantly confined to the epidermis while UVA penetrates into the dermis
because of its longer wavelength [9].

UVB can cause sunburn, inflammation, DNA mutations and membrane damage as well as
skin cancer [8, 10, 11]. It is known that UVB directly damages DNA and can induce Reactive
Oxygen Species (ROS) by interactions with chromophores in the skin [12]. The DNA damage
caused by UVB irradiation typically results in the formation of cyclobutane pyrimidine dimers
(CPD) and pyrimidine (6-4) photoproducts. The mutations are frequently found in the p53,
p16, PTCH and INK4α/CDKN2A genes of skin cancer patients [13, 14]. Inflammation plays a
significant role in creating an environment where cells possessing mutated DNA can become
carcinogenic. UVA can cause premature skin ageing, wrinkle formation, blotching and induces
sunburn cell formation in the epidermis, as well as skin cancer [8, 10, 15]. It affects keratinocytes

© 2013 Ravi and Piva; licensee InTech. This is an open access article distributed under the terms of the
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basal cell carcinoma (BCC), squamous cell carcinoma (SCC) and melanoma. BCC and SCC are
together known as non-melanoma skin cancers (NMSC), and are both derived from keratino‐
cytes whereas melanomas are derived from melanocytes [3-6]. SCCs can undergo metastasis;
BCCs rarely do, while melanomas can be highly metastatic [5, 6].

The ultraviolet (UV) radiation component of sunlight is acknowledged to be the main carci‐
nogen implicated in the formation of skin cancer. UV radiation can be divided into three
components: UVC (100-280 nm), UVB (280-320 nm) and UVA (320-400 nm). Ozone depletion,
seasonal and weather variations affect the amount of UV radiation reaching the Earth’s surface
[7]. UVC and most of the UVB radiation emitted from the sun is blocked from reaching the
Earth’s surface by the ozone layer. The component of UV light that reaches the Earth’s surface
consists of 90-95% UVA and 5-10% UVB [3, 8]. The penetration of shorter-wavelength UVB
radiation is predominantly confined to the epidermis while UVA penetrates into the dermis
because of its longer wavelength [9].

UVB can cause sunburn, inflammation, DNA mutations and membrane damage as well as
skin cancer [8, 10, 11]. It is known that UVB directly damages DNA and can induce Reactive
Oxygen Species (ROS) by interactions with chromophores in the skin [12]. The DNA damage
caused by UVB irradiation typically results in the formation of cyclobutane pyrimidine dimers
(CPD) and pyrimidine (6-4) photoproducts. The mutations are frequently found in the p53,
p16, PTCH and INK4α/CDKN2A genes of skin cancer patients [13, 14]. Inflammation plays a
significant role in creating an environment where cells possessing mutated DNA can become
carcinogenic. UVA can cause premature skin ageing, wrinkle formation, blotching and induces
sunburn cell formation in the epidermis, as well as skin cancer [8, 10, 15]. It affects keratinocytes
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at a transcriptional level by altering the expression of genes involved in apoptosis, cell cycle,
DNA repair, signal transduction, RNA processing and translation, and metabolism [9]. UVA
can cause DNA damage by generating ROS [12] resulting in genomic damage e.g. single-
stranded breaks, protein-DNA crosslinks, and oxidative base damage (i.e. 8-oxo-7,8-dihy‐
droxyguanine) [16]. It can also initiate signal transduction pathways [13, 17] as well as inducing
the expression of cytokines such as Interleukin (IL)-6, heme oxygenase-1, and cyclo-oxygenase
[18] as well as inflammatory mediators such as tumor necrosis factor-α (TNFα) [15, 19].

While UVB has been thought to be the main contributor toward skin cancers, based largely on
the DNA action spectrum of UV radiation, UVA has more recently been acknowledged as
playing an important role in this process [9, 11, 20]. While UVA does not produce an inflam‐
matory response like that of UVB, it produces ROS and as such activates many of the same
signalling pathways [13]. It is clear that doses of UVB, UVA and solar stimulated UV that are
too low to cause inflammation can induce mutations in epidermal cells. However, this does
not exclude a role for ROS from inflammatory cells contributing to skin carcinogenesis, but it
may be important for tumour progression [20]. UV-induced inflammation seen in the skin
involves the action of many molecules. Of these inflammatory molecules TNFα plays a major
role in UV-irradiated inflammation in the skin [15, 19]. TNFα is cleaved from its membrane-
bound precursor by the action of the metalloprotease, Tumour Necrosis Factor-α Converting
Enzyme (TACE) [21, 22]. While UVB radiation increases the release of TNFα from skin cells,
it is not known whether this is due to increased TACE activity and/or expression. However,
before TACE is activated it is cleaved from its proform by the action of furin, a proprotein
convertase [23, 24]. Furin can cleave other proteases such as matrix metalloproteases (MMPs)
[23, 24]. Exposure to UVB radiation also increases MMP activity in skin cells [25]. While furin
is expressed in skin cells, the effect UV radiation has on its expression and/or activity and that
of the proteases it activates is not fully known. As a result of elevated furin levels in a mutated
cell, enhanced TACE activity would see an increase in the secretion of TNFα thereby sustaining
a localised inflammatory environment allowing for the development of carcinogenic cells. As
furin activates MMP activity, these carcinogenic cells have the potential to become metastatic.
This review investigates the role that furin plays in the activation of TACE and MMPs and the
effect that this has on a skin cells exposed to UV radiation, as well as that its role in cancer cells
which undergoes metastasis, and how an understanding of the role played by this proprotein
convertase, may assist in the design of new inhibitors which have therapeutic potential.

2. UV-induced inflammation

High doses of UV can induce inflammation in the skin that results in the appearance of
macrophages and other leucocytes [15, 26]. Along with the activation of these cells, many
mediators of inflammation are also seen including; prostaglandins [18], nitric oxide (NO) [27]
and ROS [12, 17], and cytokines such as interleukin (IL)-1, interferon (IFN)-γ, and TNFα [14,
19, 28, 29]. ROS can cause DNA strand breaks as well as lipid peroxidation, membrane and
protein damage [12, 30]. The effects of UV radiation on the levels of these proinflammatory
molecules in skin cells are seen in Table 1 [8, 15, 31-33].
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Inflammatory mediators such as IL-1, TNFα and IL-6 have been postulated to play a major role
in both melanoma [34] and NMSC formation [26, 35, 36]. Male mice are known to be more sensitive
to UVB-induced skin carcinogenesis than female mice [4], which is consistent with human studies
showing men having a higher incidence of skin cancer than women [20]. Damian et al. [20] found
that while women developed a larger inflammatory response to UVB radiation, men had lower
antioxidant levels in the skin resulting in a higher level of oxidative damage to DNA, and were
more sensitive to UV immunosuppression. This suggests that UV-induced immunosuppres‐
sion and DNA damage plays a greater role in the formation of skin cancers in men compared to
women [20]. IL-1α and IL-1β are both induced in keratinocytes exposed to UVB radiation [31,
37]. IL-1α has been shown to enhance the expression and release of TNFα from UVB-irradiat‐
ed keratinocytes [38, 39], while IL-1β enhances the expression of matrix metalloprotease (MMP)-9
in these irradiated cells [40]. Apart from IL-1β, UVB can stimulate MMP-9 expression in human
skin via the induction of Activator protein-1 (AP-1) and NFκB activities [41].

Mediator Produced By Function References

TNFα Keratinocytes

Mast cells

Dermal fibroblasts

Langerhans cells

Langerhans cell migration, sunburn cell information,

stimulates prostaglandin (PG) synthesis, changes in

adhesion molecule expression

[15, 31, 33]

IL-1α Keratinocytes

Langerhans cells

Simulates PG synthesis, increases TNFα and IL-6,

inhibited by IL-1 receptor antagonist

[15, 33]

IL-1β Keratinocytes

Langerhans cells

Langerhans cell migration [15, 31, 33]

IL-6 Keratinocytes,

Langerhans cells

Fever

Severe sunburn

[8, 15, 33]

IL-10 Macrophages

Melanocytes

Blocks cytokine production by T cells, macrophages and

NK cells

Decreases antigen presentation,

Increases IL-1 receptor antagonist

[33]

[8, 15, 32, 33]

IL-I2p40

(not bioactive)

Keratinocytes,

Dendritic cell,

Langerhans cells

Decreases Th1 response

Decreases antigen presentation

[33]

IFNγ T cells Triggers apoptosis

T-cell mediated tumour cell destruction

[33]

PGE2 Keratinocytes,

Mast cells

Erythema

Decreases antigen presentation

Increases IL-4, decreases IL-12

[15, 33]

Histamine Mast Cells Increases release of PG

Inhibit lymphocyte functions like IL-2 and IFNγ

[8, 15, 33]

Table 1. Effect of UV radiation on the expression of bioactive molecules in human skin cells

The Role of Furin in the Development of Skin Cancer
http://dx.doi.org/10.5772/55569

273



at a transcriptional level by altering the expression of genes involved in apoptosis, cell cycle,
DNA repair, signal transduction, RNA processing and translation, and metabolism [9]. UVA
can cause DNA damage by generating ROS [12] resulting in genomic damage e.g. single-
stranded breaks, protein-DNA crosslinks, and oxidative base damage (i.e. 8-oxo-7,8-dihy‐
droxyguanine) [16]. It can also initiate signal transduction pathways [13, 17] as well as inducing
the expression of cytokines such as Interleukin (IL)-6, heme oxygenase-1, and cyclo-oxygenase
[18] as well as inflammatory mediators such as tumor necrosis factor-α (TNFα) [15, 19].

While UVB has been thought to be the main contributor toward skin cancers, based largely on
the DNA action spectrum of UV radiation, UVA has more recently been acknowledged as
playing an important role in this process [9, 11, 20]. While UVA does not produce an inflam‐
matory response like that of UVB, it produces ROS and as such activates many of the same
signalling pathways [13]. It is clear that doses of UVB, UVA and solar stimulated UV that are
too low to cause inflammation can induce mutations in epidermal cells. However, this does
not exclude a role for ROS from inflammatory cells contributing to skin carcinogenesis, but it
may be important for tumour progression [20]. UV-induced inflammation seen in the skin
involves the action of many molecules. Of these inflammatory molecules TNFα plays a major
role in UV-irradiated inflammation in the skin [15, 19]. TNFα is cleaved from its membrane-
bound precursor by the action of the metalloprotease, Tumour Necrosis Factor-α Converting
Enzyme (TACE) [21, 22]. While UVB radiation increases the release of TNFα from skin cells,
it is not known whether this is due to increased TACE activity and/or expression. However,
before TACE is activated it is cleaved from its proform by the action of furin, a proprotein
convertase [23, 24]. Furin can cleave other proteases such as matrix metalloproteases (MMPs)
[23, 24]. Exposure to UVB radiation also increases MMP activity in skin cells [25]. While furin
is expressed in skin cells, the effect UV radiation has on its expression and/or activity and that
of the proteases it activates is not fully known. As a result of elevated furin levels in a mutated
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High doses of UV can induce inflammation in the skin that results in the appearance of
macrophages and other leucocytes [15, 26]. Along with the activation of these cells, many
mediators of inflammation are also seen including; prostaglandins [18], nitric oxide (NO) [27]
and ROS [12, 17], and cytokines such as interleukin (IL)-1, interferon (IFN)-γ, and TNFα [14,
19, 28, 29]. ROS can cause DNA strand breaks as well as lipid peroxidation, membrane and
protein damage [12, 30]. The effects of UV radiation on the levels of these proinflammatory
molecules in skin cells are seen in Table 1 [8, 15, 31-33].
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UVB radiation can increase cyclo-oxygenase (COX)-2 expression and activity in keratinocytes
[20, 28, 42]. High levels of COX-2 activity have been observed in human epithelial skin cancers
[43]. Nonsteroidal anti-inflammatory drugs can inhibit COX-2 activity and subsequent PGE
formation in the skin, and have been used in the treatment of actinic keratosis (AK) [44], BCC,
SCC and melanoma [45]. This suggests a role for COX-2 in the formation of skin cancers, and
high levels of activity have been observed in many of these tumours [46].

Upregulation of TNFα is a key early response observed in keratinocytes exposed to UVB
radiation [8, 38, 47] and represents an important component of the inflammatory cascade in
skin. The expression of TNFα mRNA was enhanced a few hours post-UVB irradiation in both
keratinocytes and dermal fibroblasts [38, 47]. IL-1α was shown to stimulate TNFα expression
in UVB-irradiated keratinocytes [47] and melanocytes [48]. While Bashir et al. [38] observed
that TNFα expression in keratinocytes was only induced by UVB irradiation, others have
shown that UVA can also induce expression in these cells [49, 50]. This increase in TNFα
released by the cells is due to elevated gene transcription [38, 49]. The IL-1α formed in the skin,
can in turn, induce mast cells to express inflammatory cytokines (e.g. TNFα and IL-1α), as well
as prostaglandins which can enhance the inflammation caused by direct UV exposure on the
epidermis [15, 20, 28, 51]. Histamine released from the mast cells can induce vasodilation of
the surrounding blood vessels, which assists leucocytes in undergoing diapedesis and entering
this region [20, 51]. UVB radiation can induce the synthesis and release of IL-6 and IL-8 from
irradiated keratinocytes and fibroblasts [33, 36, 37, 51]. IL-8 assists in the homing of leucocytes,
primarily neutrophils, from surrounding blood vessels into the inflamed region, while IL-6
can trigger the activation of monocytes and other infiltrating leucocytes to secrete cytokines
and chemokines [51]. Figure 1 shows the complex interaction that occurs between different
bioactive molecules in the skin following exposure to UV radiation.

TNFα can induce the expression of adhesion molecules and chemokines in surrounding
epithelial cells, resulting in the recruitment of inflammatory leucocytes from surrounding
blood vessels via diapedesis [15, 20, 51, 52]. These inflammatory cells in turn can express
additional cytokines that form a positive feedback loop that further upregulates TNFα as well
as downstream TNF −  induced chemokines, cytokines, and other pro-inflammatory media‐
tors in irradiated skin [8, 38, 53]. The effects elicited by these infiltrating inflammatory cells
occur some hours following exposure to UV irradiation, thereby prolonging the inflammatory
response. UVB radiation also induces inducible nitric oxide synthase (iNOS) activity in dermal
endothelial cells, through a TNFα-dependent pathway [38, 54].

TNFα plays a pro-inflammatory role in the skin due to; (a) the direct effects of UV radiation
and (b) the indirect effects of inflammatory cells that chemotax to the skin. UV- and inflam‐
matory cell-derived cytokines further enhance TNFα gene transcription in human skin cells
[38], which can again increase its production by epidermal cells. In contrast, clustering and
internalization of the TNF receptors may lessen the cell’s response to TNFα, which may
account for why the upregulation of TNFα mRNA is not sustained over time in culture [20].
For further information on the complex interplay of cytokines, chemokines and other media‐
tors in UV-induced inflammation please refer to the following reviews [15, 20, 41, 42].
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3. Tumor necrosis factor α

TNFα, is a member of the TNF ligand superfamily, and is a type II transmembrane glycoprotein
of 234 amino acids possessing an extracellular carboxy-terminus and a cytoplasmic amino
group [53, 55, 56]. It can exist in one of two forms; a 26 kDa membrane-bound form (mTNFα)
and a 17 kDa soluble form (sTNFα). sTNFα is cleaved from its membrane bound precursor
between Ala76 - Val77 by the action of the metalloprotease TACE [22, 55].

Numerous cells produce TNFα, including macrophages, leucocytes, dendritic cells, keratino‐
cytes, melanocytes and fibroblasts [8, 47, 57, 58]. It plays a role in apoptosis, cellular prolifera‐
tion,  differentiation,  inflammation,  tumorigenesis,  viral  replication,  immune  response  to
extracellular stimuli, as well as in local and systemic inflammation [21, 53, 55-57, 59]. Most of the
cellular actions described for TNFα correspond to its secreted, mature soluble form. There is
increasing evidence that mTNFα is also biologically active [58]. Both forms of TNFα can
specifically bind to one of two receptors: TNF-R1 (CD120a receptor), a 55 kDa protein; TNF-R2
(CD120b receptor), a 75 kDa protein [57]. The receptors are both transmembrane glycopro‐
teins, and display a high degree of structural homology and are expressed on most cell types [60].

Figure 1. The inflammatory response seen in the skin following exposure to UV radiation. Inflammation can be in‐
duced as a direct result of UV exposure on epidermal cells, or due to the release of secreted molecules, which in turn
induce the release of inflammatory mediators from the dermis, as well as attracting inflammatory cells from circula‐
tion into this region of the skin. The infiltrating monocytes and macrophages, which enter the irradiated skin tissue in
turn, secrete mediators that prolong the inflammatory response. See text for details and references.
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TNF-R1 is expressed on a wide range of cell types and its signalling mediates cytotoxicity, cell
proliferation, antiviral activity and many of the proinflammatory actions of TNFα [58, 61].
TNF-R2 is expressed on a limited range of cells, including leucocytes, endothelial cells,
Langerhans cells (LC) and epithelial cells but its actions are less clear [58, 61]. Membrane-bound
TNF-R1 and TNF-R2 can be cleaved by TACE to release the soluble forms of these receptors
and this process is activated by IL-10 [58]. The soluble forms of TNF-R may act as (a) an
antagonist to the surface receptors by competing for sTNFα or (b) an agonist by stabilizing the
TNF trimer; therefore maintaining saturating concentrations in extracellular fluids [58, 62].

When TNFα is bound to the TNF-R1 receptor it plays a role in UVB-induced apoptosis in
keratinocytes [54, 63]. Transgenic mice deficient for either TNF-R1 and/or TNF-R2 have been
shown to be less susceptible to UVB-induced skin tumours than were wild type controls [64].
Through the use of TNF-R1 [65, 66] and TNF-R2 [65] gene-targeted mutant mice, it has been
shown that TNF-R1 plays a decisive role in the host’s defence against microorganisms, while
TNF-R2 plays a role in the induction of tissue necrosis. Through the use of agonist and antago‐
nist antibodies, TNF-RI was shown to be the main mediator of TNFα action in the cell [67].

Dermal injection of TNFα resulted in the accumulation of dendritic cells in draining lymph
nodes as well as in impairment of contact hypersensitivity (CHS) in the skin [60, 68]. This
suggests that TNFα induces the migration of LC from the skin to the surrounding regional
lymph nodes. Streilein and colleagues [69, 70] observed that UVB indirectly induced TNFα,
which then caused morphologic and functional changes on LC resulting in the impairment of
CHS, suggesting that TNFα plays a role in this process.

Studies using TNF-R1(-) mutant mice have shown that TNFα was not involved in UVB-
induced immunosuppression [71]. UVB-induced immunosuppression is implicated in the
pathogenesis of skin cancers, and is mediated in part by cis-urocanic acid (cis-UCA) [72, 73].
trans-Urocanic acid, a deamination product of histidine, is a major chromophore present at
high concentrations in the stratum corneum [73]. Upon exposure to UV radiation, trans-UCA
undergoes a photoisomerization to its cis-isomer until equilibrium is reached. In humans, this
occurs after one minimal erythemal dose of UV radiation, which is the lowest dose that can
induce a visibly perceptible erythema [72, 73]. cis-UCA does not exert its immunosuppressive
effects via TNFα, but through other factors such as prostaglandin E2 [72]. Amerio et al. [71]
showed that in TNF-R1 and TNF-R2 double knockout mice, TNFα played a minimal role in
UVB-induced immunosuppression and therefore cannot be considered as a major mediator of
cis-UCA-induced immunosuppression. While TNFα does not play a major role in UV-induced
immunosuppression [60, 71] it does play a significant role in UV-induced inflammation [20]
as well as in other inflammatory diseases such as rheumatoid arthritis, psoriasis, systemic
lupus erythematosus and cancer [21, 38, 46, 74].

4. TACE

TNFα is cleaved from its proform by the action of the metalloprotease TACE [75]. This en‐
zyme is a member of the disintegrin and metalloprotease (ADAM) family of proteases, and is
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also known as ADAM 17 [22, 75-77]. ADAM proteases belong to the adamalysin/reprolysin
subfamily of the metzincin superfamily, and contain a Zn2+-dependent catalytic domain [75, 77].

TACE was first purified, characterized and cloned in 1997 and is a multi-domain type I
transmembrane protein of 824 amino acids in length [22, 76, 78]. While its amino acid sequence
shows relatively low homology to other ADAM family members, its structure contains all the
domain regions, which are characteristic for this family of metalloproteases [22, 76, 79].
Structurally TACE consists of a signal peptide followed by a pro, catalytic, disintegrin,
cysteine-rich, transmembrane and cytoplasmic domain [55, 80]. The catalytic domain contains
the zinc-binding consensus motif HEXGHXXGXXHD involved in coordinating Zn2+ with His
residues and creating the active site of the enzyme [79, 81]. The cysteine-rich domain may play
a role in enzyme maturation or substrate recognition [75, 76].

TACE is synthesized as an inactive zymogen, which is subsequently proteolytically processed
to the catalytically active form. In order for TACE to be activated its prodomain is removed at
the furin cleavage site RVKR (Arg-Val-Lys-Arg) localized between the pro- and the catalytic
domain, and is due to the action of a furin-type proprotein convertase [24, 77, 82-84]. In
mammalian cells, proTACE is located in the endoplasmic reticulum and the proximal Golgi
body whereas the mature form is located both intracellularly and on the cell membrane [83,
85]. TACE maturation is closely linked to the transport of proTACE through the medial Golgi,
where upon exit, prodomain removal occurs before the enzyme reaches the cell’s surface [77].

Apart from TNFα, TACE cleaves a wide range of molecules including transforming growth
factor α (TGFα), amphiregulin, neuregulin, growth hormone receptor, TNF-R1, TNF-R2, L-
selectin, amyloid precursor protein and IL-6R [77, 86-89]. TACE-knockout mice are far less
efficient at processing TNFα on the cell membrane compared to wild type controls [75, 86].
This suggests that TACE is the main protease responsible for the processing of TNFα in the
cell. Although some matrix metalloproteases (MMP) can cleave TNFα, the cleaved products
are inactive due to hydrolysis occurring at different sites within the molecule [75, 81, 89].

Some metalloproteases are activated in epidermal cells following UV radiation [90-93]. Piva
and co-workers found that there were a number of proteases whose activity was upregulated
in UVC- or UVB-irradiated HeLa cells [91-93]. These enzymes included aminopeptidases and
a “TGFαase” [91, 92]. On re-evaluation of their data, the TGFαase in questions is most likely
TACE, because (a) the later enzyme is known to cleave TGFα among other growth factors [81,
88] and (b) the substrate used in these studies was a nonapeptide based on the N-terminal
cleavage site of TGFα [90-93]. In cells undergoing UV-induced apoptosis, the level of cell
surface protease activity (aminopeptidase and “TGFαase”) was shown to be higher than that
seen in viable or necrotic cells [91, 93]. The results of these studies were the first to show that
TACE activity was elevated in cells exposed to UV radiation. Recently Skiba et al. [29] reported
that UVA and UVB irradiation increased TACE mRNA levels in HaCaT cells, with higher
induction induced by UVA. The expression patterns for both UVA- and UVB-irradiated cells
in general appeared to be constant, although mRNA levels were significantly higher than
controls throughout the 48 h post-exposure period [29].
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also known as ADAM 17 [22, 75-77]. ADAM proteases belong to the adamalysin/reprolysin
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In UV-irradiated HaCaT cells, TACE was responsible for the increased cleavage of EGF family
members [28, 94]. Inhibition of TACE by metalloprotease inhibitors reduced the release of these
growth factors, resulting in an increase in apoptotic cell death [28, 94]. It appears that TACE
mediates a EGF receptor/AKT signalling pathway in these cells that is activated as a result of
its cleavage of EGF family members. In HaCaT cells exposed to UVA-radiation TACE mediated
EGF receptor activation and cell cycle progression, which suggests that UVA, at non-lethal
doses, has the potential to be a skin cancer promoter [28, 94]. TACE has also shown to be
overexpressed in some tumours [21, 46, 56], as well in a large number of skin cancer cells lines
compared to their non tumorous counterparts [28, 94]. It is also known that members of the
EGF family are overexpressed in skin cancers [95], and this could be a mechanism by which
skin cancer growth is stimulated by autogenic growth factors. The results of these recent
studies suggest that inhibition of TACE following UV radiation may prevent the stimulation
of surviving irradiated cells. This has the potential in reducing the incidence of skin cancer
that may arise from prolonged sun exposure. It is not clear if the increase in TACE activity
seen in UV-irradiated skin cells is due to increased numbers or a higher level of activity. Furin
is known to activate TACE [83, 85, 96] as well as matrix metalloproteases (MMP) [97, 98] and
may indirectly play a role in this process.

5. Furin

Furin, also known as PACE, is a 94 kDa, type I transmembrane, Ca2+-dependant serine pro‐
tease. It is a member of the proprotein convertase (PC) family which is related to the bacterial
subtisilin enzyme [23, 97-99]. The PC family consists of seven distinct members (furin and PC1-
PC7) that vary in regards to their tissue and subcellular distribution as well as enzymatic and
biochemical properties [23, 24, 97, 100]. Furin, PACE 4, PC5/6 and PC7/8 are widely expressed
in the epidermis whereas PC2 and PC1/3 are limited to neuroendocrine tissues and PC4 is
restricted to the testis [23, 24, 98]. The PC enzymes recognize basic motifs, cleaving after paired
basic residues (PC2 and PC1/3); or after a canonical Rx (R/K) R (Arg-x-(Arg/Lys)-Arg) motif
(furin and PACE4) [24, 97, 98, 100-102]. Both PC7 and furin share cleave similar substrates and
the selectivity of which depends on their cellular localization. As their cytosolic domains regulate
intracellular trafficking it is likely that the cellular localization of PC7 differs to that for furin [85].

Structurally furin and other PCs consist of a signal peptide followed by pro, catalytic, middle,
and cytoplasmic domains, respectively [24]. The signal peptide directs the translocation of the
peptide chain to the endoplasmic reticulum and the secretory pathway [82, 97, 103]. The pro-
region is cleaved in the endoplasmic reticulum, where it then associates with the catalytic
domain and helps to guide the protein through this region to the Golgi apparatus where it
becomes catalytically active [97, 103]. The trans-membrane region anchors the enzyme in the
membrane of the trans Golgi network (TGN) or on the cell membrane. The cytosolic tail
contains the information necessary for furin’s sorting to various intracellular compartments
[82, 97, 103]. In the epidermis, furin can exist either as: (a) a mature 97 kDa membrane bound
enzyme or (b) a smaller 75 kDa form that lacks the transmembrane domain [97]. This suggests
that post-translational cleavage at the C-terminus occurs within in the cell [97, 98, 103]. Furin
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and other PC family members process inactive precursor proteins to their functional or mature
form, and these include growth factor receptors, growth factors, hormones, plasma proteins,
and MMPs [23, 24, 97, 98, 103] as seen in Table 2. PC family members play crucial roles in a
variety of physiological processes and are involved in the pathology of diseases such as cancer
and viral infection [23, 101, 103-106].

Functional group Substrate References

Serum proteins Von Willebrand Factor [107]

Coagulation factor IX [108]

Signalling peptides Endothelin-1 [103, 109]

Growth factors TGFβ [103, 110]

Vascular endothelial growth factor (VEGF) [111]

β-Nerve growth factor [112]

Membrane proteins MT1-MMP [86, 113, 114]

TACE [77, 99, 115]

Transmembrane receptors Notch1 Receptor [98, 116]

Insulin growth factor 1 receptor [117]

Extracellular matrix proteins N-Cadherin [113, 118]

Integrin α-chain subunits [119]

Viral proteins Ebola virus glycoprotein [103, 120]

Papillomavirus minor capsid protein L2 [121]

Bacterial toxins Anthrax toxin [122]

Clostridium septicum alpha-toxin [103, 123]

Table 2. Some biological molecules cleaved by furin

As a result of the role furin plays in many disease states, considerable effort has been directed
at designing specific inhibitors that may have therapeutic applications. The first furin inhibi‐
tors that were synthesised where peptidyl chloromethyl ketones [124]. The next major furin
inhibitor that was developed, decanoyl-Arg-Val-Lys-Arg-chloromethylketone (dec-RVKR-
cmk, or CMK) was less cytotoxic and is cell permeable and has been used in many experimental
studies [86, 106, 125]. It was recently shown to reduce the incidence of skin cancer in transgenic
mice by inhibiting PACE4 as well as other PCs [126]. However a limitation of CMK’s use is
that it is not furin specific, and is also known to inhibit other proprotein convertases [86, 102,
127]. Zhu et al. [127] has recently developed an antibody-based single domain nanobody which
is a furin specific inhibitor. Through the use of this and other furin-specific inhibitors, it will
be possible to delineate the role furin plays in the processing of specific substrates within in
the cell. This will help in development of specific inhibitors, which will have therapeutic
potential in the treatment of a variety of diseases.

Furin and other PCs have been shown to be involved in the maturation of both TACE and
MMP within skin cells. ProTACE is processed by both furin and PC7 to its mature form thereby
increasing its proteolytic activity [83, 85]. The maturation of TACE occurs as it transits through
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tease. It is a member of the proprotein convertase (PC) family which is related to the bacterial
subtisilin enzyme [23, 97-99]. The PC family consists of seven distinct members (furin and PC1-
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the selectivity of which depends on their cellular localization. As their cytosolic domains regulate
intracellular trafficking it is likely that the cellular localization of PC7 differs to that for furin [85].
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and cytoplasmic domains, respectively [24]. The signal peptide directs the translocation of the
peptide chain to the endoplasmic reticulum and the secretory pathway [82, 97, 103]. The pro-
region is cleaved in the endoplasmic reticulum, where it then associates with the catalytic
domain and helps to guide the protein through this region to the Golgi apparatus where it
becomes catalytically active [97, 103]. The trans-membrane region anchors the enzyme in the
membrane of the trans Golgi network (TGN) or on the cell membrane. The cytosolic tail
contains the information necessary for furin’s sorting to various intracellular compartments
[82, 97, 103]. In the epidermis, furin can exist either as: (a) a mature 97 kDa membrane bound
enzyme or (b) a smaller 75 kDa form that lacks the transmembrane domain [97]. This suggests
that post-translational cleavage at the C-terminus occurs within in the cell [97, 98, 103]. Furin
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and other PC family members process inactive precursor proteins to their functional or mature
form, and these include growth factor receptors, growth factors, hormones, plasma proteins,
and MMPs [23, 24, 97, 98, 103] as seen in Table 2. PC family members play crucial roles in a
variety of physiological processes and are involved in the pathology of diseases such as cancer
and viral infection [23, 101, 103-106].
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Growth factors TGFβ [103, 110]
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Table 2. Some biological molecules cleaved by furin

As a result of the role furin plays in many disease states, considerable effort has been directed
at designing specific inhibitors that may have therapeutic applications. The first furin inhibi‐
tors that were synthesised where peptidyl chloromethyl ketones [124]. The next major furin
inhibitor that was developed, decanoyl-Arg-Val-Lys-Arg-chloromethylketone (dec-RVKR-
cmk, or CMK) was less cytotoxic and is cell permeable and has been used in many experimental
studies [86, 106, 125]. It was recently shown to reduce the incidence of skin cancer in transgenic
mice by inhibiting PACE4 as well as other PCs [126]. However a limitation of CMK’s use is
that it is not furin specific, and is also known to inhibit other proprotein convertases [86, 102,
127]. Zhu et al. [127] has recently developed an antibody-based single domain nanobody which
is a furin specific inhibitor. Through the use of this and other furin-specific inhibitors, it will
be possible to delineate the role furin plays in the processing of specific substrates within in
the cell. This will help in development of specific inhibitors, which will have therapeutic
potential in the treatment of a variety of diseases.

Furin and other PCs have been shown to be involved in the maturation of both TACE and
MMP within skin cells. ProTACE is processed by both furin and PC7 to its mature form thereby
increasing its proteolytic activity [83, 85]. The maturation of TACE occurs as it transits through
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the Golgi compartment where the prodomain was removed by a furin-type proprotein
convertase [77, 84, 85]. As increased amounts of mature TACE are detected in furin over-
expressing cells, it appears that proTACE is a better substrate for furin than it is for PC7 [85].
A similar observation has been seen in cells overexpressing TACE [58, 83, 99] where furin was
shown to be responsible for its cleavage [83, 99]. This finding was confirmed using cell
permeable furin inhibitors CMK and PDX in Cos7 cells [83] and keratinocytes [98] where
reduced levels of mature TACE were formed.

Furin mRNA, protein and enzyme activity has been observed in human epidermal keratino‐
cytes [29, 98, 111, 128, 129]. Skiba et al. [29] found that UVA and UVB radiation immediately
increased furin mRNA levels in HaCaT cells. UVB irradiation induced higher levels of furin
mRNA expression [29]. The time course for furin mRNA levels in cells irradiated with low
dose of UVA or high dose of UVB was similar to that for TNFα, whereas maximal mRNA
induction of both genes were detected 8 h post-irradiation [29]. Although UV irradiation does
appear to have an effect on furin gene expression, no direct relationship was apparent between
TACE and furin mRNA induction. A recent study has shown that following exposure to UVA
and UVB, furin levels in HaCaT cells fell with respect to time [49, 129]. However, it was
unknown whether this was due to the loss of the pro or mature form of the enzyme. Through
its effect on stimulating MMPs, as well as activating TACE and the resultant effect this has on
TNFα released by the cell, furin activity has an influence on the inflammation seen in the skin
following exposure to UV radiation as seen in Figure 2.

Furin/PC processing of substrates has been shown to also contribute to tumour progression,
aggressiveness, metastasis, and angiogenesis [23, 24, 104-106]. Tumour invasion and metasta‐
sis represent a multistep process that depends on the activity of many proteins [46, 101, 104,
130]. Proteolytic degradation of the ECM components is a central event of this process. Several
classes of proteases, including MMPs, serine proteases and cysteine proteases have been
implicated in the tumour cell invasive process [104, 130, 131]. Of these, MMPs appear to be
primarily responsible for much of the ECM degradation observed during invasive processes
[111, 130, 132-134]. They can contribute to tumour growth not only by degradation of the ECM
but by the release of sequestered growth factors or the generation of bioactive fragments VEGF,
bFGF or TGFβ, the suppression of tumour cell apoptosis and the destruction of immune-
modulating chemokine gradients [131, 132, 135]. Furin also cleaves a number of MMPs from
their proform, and activating them as a result [23, 86, 102, 105].

6. MMPs

MMPs belong to the family of zinc-dependent endopeptidases collectively referred to as
metzincins. The metzincins can be subdivided into four families: seralysins, astacins, ADAMs/
adamalysins, and MMPs [130, 136]. So far to date, 28 members of the MMP family have been
identified [130, 135, 136] which are primarily responsible for most of the ECM degradation
observed during the invasive processes. MMPs are produced by skin cells (fibroblasts, keratino‐
cytes, melanocytes) as well as macrophages, endothelial cells and mast cells [10, 25, 81, 137].
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MMPs are also implicated in cell migration, proliferation, and tissue remodelling and thereby
may also play a role in growth and development, angiogenesis, and atherosclerosis [138, 139].

Structurally MMPs consist of a signal peptide followed by pro, catalytic, hemopexin and
cytoplasmic domains, respectively [130]. MMPs cleave peptides and proteins, which have a
myriad of functions that are independent of their proteolytic activity [140]. They have distinct
but often overlapping substrate specificities, hence leading to the absence of distinct pheno‐
types in most genetically-engineered mice with knockdown of specific MMPs [140].

MMPs are generally expressed in very low amounts and their transcription is tightly regulated
either positively or negatively by cytokines and growth factors such as IL-1, IL-4, IL-6, TGFβ,
or TNFα [130, 135, 141, 142]. Some of these regulatory molecules can be proteolytically
activated or inactivated by MMPs (via a feedback loop). MMPs are synthesized as latent
proenzymes, which are converted into mature, catalytically active forms in the TGN by PCs
[111, 139]. Activation of MMPs following secretion from the cell depends on disruption of the
prodomain interaction with the catalytic site, which may occur either by conformational
changes or proteolytic removal of the prodomain. With the exception of MMP-2, the mecha‐
nism for in vivo activation of secreted MMPs is not well understood [135].

Figure 2. The role furin plays in the maturation of TACE and MMPs in skin cells. Furin cleaves and activates TACE,
which in turn can process TNFα from its proform. Keratinocytes secrete TNFα following exposure to UVB radiation, and
this is enhanced if IL-1α is present. Furin also cleaves MMPs from their respective proforms, and the expression and
activity of these proteases are elevated when the cells have been exposed to UVB radiation, and they are enhanced if
either IL-1α (MMP-9) or TNFα (MMP-2) is present. The effect of UVB radiation on the expression of the enzymes and
pTNFα in the cell is represented by dashed lines, if it is enhanced it is represented by (+), and if it is unknown (?)
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this is enhanced if IL-1α is present. Furin also cleaves MMPs from their respective proforms, and the expression and
activity of these proteases are elevated when the cells have been exposed to UVB radiation, and they are enhanced if
either IL-1α (MMP-9) or TNFα (MMP-2) is present. The effect of UVB radiation on the expression of the enzymes and
pTNFα in the cell is represented by dashed lines, if it is enhanced it is represented by (+), and if it is unknown (?)
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In normal skin, MMPs are not constitutively expressed but can be induced temporarily in
response to exogenous signals such as UVR [10, 25, 143]. Elevated levels of MMP activity in
human skin, as a result of prolonged periods of sun exposure, confirm that it plays a major role
in photoageing [10, 25, 28]. Onoue et al. [144] suggested that MMP-9 secreted from keratino‐
cytes after UVB irradiation might result from apoptotic events. UV radiation is known to elevate
the expression of MMP-1, MMP-3 (stromelysin-1) and MMP-9 in human skin in vivo [25]. All
three MMPs (1, 3 and 9) can degrade most of the proteins found in the extracellular matrix [25].
MMP-1, which is produced by both dermal fibroblasts and epidermal keratinocytes, cleaves type
1 collagen into specific fragments. These fragments can then be further hydrolysed by MMP-2
and MMP-9 [137, 145]. Steinbrenner et al. [137] found that UVA irradiation dose-dependently
decreased the steady-state mRNA levels of MMP-2 and MMP-9 and lowered the gelatinolytic
activity of both enzymes in cell culture supernatants. Of interest is that in vivo, following exposure
to UV radiation only keratinocytes express large levels of MMP on the cell membrane [146], but
when fibroblasts grown in culture are irradiated they express higher levels of MMP on their
plasma membrane [147]. The reasons for the discrepancies between the responses of human skin
cells under in vivo and in vitro conditions are not known.

TNFα has been shown to induce proMMP-2 in human dermal fibroblasts [8], while IL-1α
induced proMMP-9 levels in fibroblasts and keratinocytes [148]. In mesenchymal cells TNFα
was shown to stimulate MMP-2 activity by activating a proteolytic cascade involving furin
and MT1-MMP [139]. It is not known if TNFα activates MMP activity in epidermal cells via a
similar mechanism. MMP-9 [144], has been shown to play an important role in the patho‐
physiologies of many skin conditions such as wound healing [145], and angiogenesis [87].
Activation of pro-MMP2 takes place at the cell surface and involves interactions with active
MT1-MMP, which is itself activated through rapid trafficking to the cell surface and proteolytic
processing [139]. Maquoi et al. [114] demonstrated that furin-inhibitor reduces the level of
mature MT1-MMP, which is paralleled by a decrease in pro-MMP-2 activation as well as in
cell invasiveness, confirming the furin plays a role in this process. Direct cleavage of proMMP-2
by furin in the TGN has shown to inactivate this matrix metalloprotease [149]. Therefore
changes to the level of MMP-2 activity on the surface of the cell can be directly or indirectly
regulated by furin either through cleavage in the TGN to reduce activity or indirectly via MT1-
MMP, which increases activity. The mechanism by which this is regulated is not clear.

7. Role of furin in skin cancer

Low doses of UV radiation while they are not inflammatory, can cause mutations in skin tissue
[9, 19, 30] or in cultured fibroblasts [150]. Constant exposure to UV radiation will not only
result in mutations in p53 [150, 151] but in other genes including p16, PTCH, B-Raf, which will
result in these cells becoming carcinogenic [6, 152, 153]. Apart from causing these mutations,
UV radiation enhances the release of inflammatory molecules (e.g. TNFα, IL-1α, ROS,
chemokines) from the skin (see section 2 for details). The result of which is the creation of an
environment that allows for these mutated skin cells to become cancerous over time [15, 19,
21, 46, 56]. As a result of increased levels of MMP activity on the cell membrane, either as a
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result of UV exposure or other factors, these skin cancer cells may become metastatic as a result
of epithelial to mesenchymal transition (EMT) [154].

In the progression of a mutated cell to that of a tumorigenic or metastatic cell, PCs have been
shown to cleave a range of precursors of growth factors, their receptors, adhesion molecules,
proteases and MMPs. Some of these molecules include cadherins, TGFβ, platelet derived
growth factor as well as insulin-like growth factor 1 and its receptor [23, 101, 106, 117, 155].
Tumour progression and metastasis may enhanced by a number of factors such as (a) hypoxia-
induced upregulation of furin activity within the solid tumour mass [105], (b) changes in cell
adhesion through PC cleavage and activation of integrins and related adhesion molecules
[156], (c) furin processing of vascular endothelial growth factor resulting in increased angio‐
genic activity [157], and (d) furin enhanced expression of MMPs [84, 158].

Furin/PC expression and processing can increase the incidence and severity of the cancer
phenotype [104, 111]. Aberrant furin expression has been observed in a number of tumours
including those from the breast [159], ovary [160], liver [125], brain [161], skin [111, 132] and
from other tissues [23, 128, 162, 163]. Bassi et al. [101] observed that PACE4 transgenic mice
were more susceptible to epidermal carcinogenesis and tumour progression compared to
controls. These transgenic keratinocytes had higher rates of processing of MT1-MMP and MT2-
MMP resulting in increased collagen degradation.

MMP-2 (gelatinase A) and MMP-9 (gelatinase B) have been frequently associated with the
invasive and metastatic potential of tumour cells [10, 104, 111, 130, 132, 133, 137]. The expres‐
sion of MMP-2, is regulated independently of MMP-9 [144]. The close correlation observed
between MMP-2 activation and metastatic progression in various tumours suggests that it may
act as a “master switch” triggering tumour spread [114]. The expression of MMP is low in
keratinocytes but elevated in BCC and SCC [49, 164, 165]. In SCC, MMP proteins (1, 2, 3 and
MT1-MMP) are expressed both in tumorous and stromal cells [165], while MMP proteins (1,
2, 3 and 9) are observed in BCCs and melanomas [165, 166]. This expression correlates with
the progression and the metastatic potentials of these tumours [106, 135, 165, 167]. UVR can
participate to the development of skin cancer by the activation of MMPs. Two molecular
mechanisms contribute to the UV-induced MMPs expression. First, the activation of cell-
surface receptors with subsequent activation of mitogen activated protein kinase (MAPK)
cascade that in turn contributes to the transcriptional up-regulation of MMPs [168]. Second,
through the expression of pro-inflammatory cytokines, which induce the expression of MMPs
[46, 133, 142, 143]. The role of UV in the induction of MMPs is supported by two experimental
findings. First, UV-irradiation of SCC cell lines results in an increased secretion of MMPs [49,
132]. Second, UV-induced phosphorylation of extracellular signal-regulated kinase (ERK) and
stress kinases precedes the rapid stimulation of MMPs in SCC cells [10]. If there are cells in the
skin which become cancerous as a result of DNA damage, some may go onto become metastatic
due to increased MMP activity [111]. This increase in levels of activated MMPs on the surface
of the cell could be due to either increased expression of proMMP protein and/or increased
furin activity. The role furin plays in the development of skin cancer suggests that it could be
significant, and as such the development of specific inhibitors may offer a new therapy to treat
such tumours.
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Recently, Fu et al. [106] showed that in transgenic mice overexpressing furin, exposed to
chemical carcinogens formed more and larger tumours than did control mice. This suggests
that furin enhances skin cancer growth. Of interest was that these tumours were induced by
chemical carcinogens and not by UV radiation. While enhanced furin levels were shown to
enhance skin tumour development, in studies using cultured melanoma and glioma cells, furin
inhibition was shown to reduce the processing of the pro-N-cadherin adhesion molecule,
enhancing their migratory and aggressive nature [118]. The result of this study suggests that
high furin levels may not enhance the metastasis of some tumours. Huang et al. [125] when
investigating the expression of furin in hepatocellular carcinoma and surrounding tissue in
humans, observed that if this ratio was >3.5 this resulted in higher patient survival rates
compared to those who had ratios <3.5. This suggests that furin may play a dual role in cancer
development, though the exact nature of which is not clear at this stage. Further study on this
is warranted, and may result in a better understanding of its role in cancer development, and
from which it may be possible to develop specific furin inhibitors which could be used clinically
to treat these tumours.

8. Conclusion

While it has been shown that UVA and UVB radiation cause different effects on the immune
response this could be related to the activity of cell surface metalloproteases found on skin
cells. Although the effect of TNFα in UV-induced inflammation has been well documented,
little is known if the changes in TACE activity are due to increased protein levels or changes
in enzyme activity. The inflammatory environment, seen in the skin, following exposure to
UV radiation is known to stimulate the development of mutated cells which possess DNA
damage caused directly by UV radiation or indirectly through the generation of ROS. Apart
from processing TNFα, TACE also cleaves EGF family members, which would stimulate the
growth of these mutated cells, which over time may become cancerous. As TNFα is a powerful
inflammatory cytokine, considerable research has been under taken to develop specific TACE
inhibitors [55, 56, 80]. Such inhibitors may play an important role in preventing the develop‐
ment of UV-induced skin cancers. An increased knowledge of the roles played by metallo‐
proteases in tumour progression, combined with the use of more selective inhibitors, could
lead to effective use of these compounds in cancer therapies [55].

Similar to that of TACE, MMPs are also activated by UV radiation and also play a crucial role
in skin tumour cell development and metastasis. Furin and other PCs have been shown to play
an important role in activating both TACE and many MMPs in skin cells. Whereas the
overexpression and activity of furin exacerbates the cancer phenotype, inhibition of its activity
decreases or nullifies its effects, and thus, the development and use of specific inhibitors may
also be a viable route to cancer therapy [23, 86, 102, 127].

It is known that UV induces furin mRNA in skin cells, though protein levels do not appear to
change with respect to time, which suggests a rapid turnover of the enzyme. Further study is
needed on how UV radiation activates furin, TACE and MMPs in skin cells. These proteases
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play an important role in the changes observed in those epidermal cells exposed to UV
radiation. The development of specific furin inhibitors has the potential to reduce the carci‐
nogenic effects of sunlight by preventing the activation of TACE and MMPs and their subse‐
quent downstream effects. Such compounds may have the potential to offer new therapies
both in the prevention and treatment of skin cancer.
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