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Epidemiological trends in skin cancer
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ABSTRACT Skin cancer, including melanoma and non-melanoma skin cancer (NMSC), represents the most com-
mon type of malignancy in the white population. The incidence rate of melanoma is increasing world-

wide, while the associated mortality remains stable, or is slightly decreasing. On the other hand, the

incidence for NMSC varies widely, with the highest rates reported in Australia.

In the current review, we highlight recent global trends in epidemiology of skin cancer. We discuss

controversial issues raised in current epidemiological data, we analyze the most important risk factors

associated with the development of melanoma and NMSC and the impact of skin cancer on health

care services. Furthermore, we underline the pressing need for improved registration policies, espe-

cially for NMSC, and lastly, we refer to the ongoing primary and secondary prevention strategies and

their outcomes so far.

Introduction

Epidemiology, translated from Greek, literally means “the
study of population.” The main aims of epidemiology include
the description of disease patterns in human populations, as
well as the identification of causes of diseases. Epidemiology
provides essential data for the management, evaluation and
planning of services for prevention, control and therapeutic
management of diseases [1].

Skin cancer represents the most common group of malig-
nant neoplasms in the white population. The incidence rate
of melanoma and non-melanoma skin cancer (NMSC) is
increasing worldwide [2]. Therefore, studying and under-
standing their current epidemiological trends is considered
crucial in order to achieve early and adequate control of the

disease.
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Melanoma

Melanoma is much more common in whites than in other
ethnic groups. Overall, the lifetime risk of developing mela-
noma is about 2.4% in Caucasians, 0.1% in Blacks, and
0.5% in Hispanics [3]. The risk of melanoma increases with
age. The average age at the time of diagnosis is about 60.
Melanoma is approximately 1.5 times more frequent in males
than females. It has been shown that the incidence rate does
not significantly differ until the age of 40, however, after age
75, the incidence becomes almost three times higher in males
compared to females [4,5]. In addition, the frequency of its
occurrence is closely associated with the constitutive color of
the skin and depends on the geographical zone [6].
Cumulative epidemiologic data from Europe [7-10], Can-
ada [11] and the United States [12-14] indicate a continuous



and dramatic increase in incidence during the last decades.
The highest incidence rates have been reported in New Zea-
land with 50 cases per 100,000 persons and Australia with 48
cases per 100,000 persons (59 for males and 39 for females
in 2011), followed by the US (21.6 new cases per year per
100,000 in 2012) and Europe (13.2 and 13.1 new cases per
year, per 100,000 for men and women, respectively) [15-17].

The wide variation in incidence rates is not observed only
among different continents. Data from the European Cancer
Observatory suggest significant variability among European
countries, too. Scandinavian countries (especially Sweden,
with an estimated incidence of 23.9 in 2012), Switzerland and
Great Britain report the highest rates (>16.9 per 100,000 for
2012), whilst the Balkan countries, Moldova and Bosnia and
Herzegovina, are standing at the lower incidence levels (<5.3
per 100,000 for 2012) [17].

The latter deviation is not only associated with the dif-
ferent risk factors characterizing different European popula-
tions. It may also be connected to weaknesses or discrepancies
in the national registration systems among different countries.
As an example, in Austria the reports by the National Can-
cer Registry showed that there was an underestimation of
the true melanoma burden. The observed divergence is not
surprising, given that private practice and non-hospital-based
pathology laboratories are not legally obliged to report cancer

cases in Austria [18].

The Melanoma Epidemic: Is It Real?

As described above, the continuous increase of melanoma
incidence is supported by several epidemiologic data from
different countries. However, the real nature of this increase
has become a controversial issue [19]. Specifically, the issue
in question is whether the incidence increase should be
interpreted as a real melanoma “epidemic,” or if it represents
the result of intense screening [20,21], improved diagnostic
ability of clinicians, increased biopsies [22], or changes in his-
tologic criteria [23] that allow us to diagnose melanomas that
previously remained unrecognized. The controversy deepens
by the recently introduced concept of “overdiagnosis” in
cancer, which refers to the increased sensitivity of diagnostic
techniques to detect “cancers” that would otherwise not prog-
ress enough to cause significant morbidity or death.

In the melanoma family, the subtype that could fit the
concept of “overdiagnosis” is melanoma in situ, since one
could argue that some of these melanomas, especially those
developing in elderly individuals, would not have the time
to invade the dermis and acquire a metastatic potential. This
argument might be supported by data suggesting that some
melanomas (mainly—but not exclusively—of the lentigo
maligna subtype) grow very slowly and might need years or

even decades to become invasive.

Indeed, very recent epidemiological studies indicate that
melanoma in situ, with an annual increase of 9.5%, occupies
a disproportionately high percentage of the overall mela-
noma increase. However, the combined melanoma incidence
(including both invasive and in situ melanoma) was also
found to increase by 2.6% per year [20], justifying that the
incidence increase also considers tumors with metastatic
potential.

From the dermatopathologic point of view, this is not
surprising, since there are studies suggesting a current trend
towards reclassification of prior non-malignant diagnoses as
melanoma [21].

Furthermore, in a population-based study correlating
number of skin biopsies and incidence of melanoma, the
investigators noted that there was an in parallel increase
during a 15-year period, suggesting that the melanoma
“epidemic” is possibly attributed to scrutiny and increased
number of biopsies, too [21].

On the other hand, studies exploring the incidence of
melanoma based on tumor thickness and demographic fac-
tors have suggested that increased screening and biopsy alone
cannot account for the dramatic increase in the incidence.
The authors’ chief argument is that incidence increases
independently of socioeconomic status, which functions as
a surrogate marker for access to care and screening [24].
The latter suggestion is in agreement with the findings of
Shaikh et al. In their study they used a validated imputation
method for missing thickness data, in order to characterize
melanoma thickness and survival trends among men and
women in the Surveillance Epidemiology and End Results (9
registries included) between 1989-2009. According to their
results, an increasing incidence was observed in all thickness
groups. In addition, thickness increased in T3/T4 tumors, and
nodular melanomas. These observations coupled together
“suggest that the melanoma epidemic is real and not simply
an artifact of increased detection pressure of earlier-stage T1/
T2 lesions” [25].

What Does the Future Hold
Concerning Melanoma Incidence?

Whiteman et al used age-period cohort models to describe
current trends and project future incidence rates. They ana-
lyzed three decades of registry data (1982-2011) from six
populations with moderate-to-high melanoma incidence (US
Whites, United Kingdom, Sweden, Norway, Australia, New
Zealand). Statistical analysis showed that melanoma rates in
the US, UK, Sweden and Norway increased more than 3%
annually. Future projections indicate that the rates will keep
on rising until at least 2022. On the other hand, in Australia
melanoma incidence has been declining since 2005, whilst

in New Zealand, even though it is currently increasing, it is
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expected to decline soon. In regards with the number of new
melanoma cases, it is estimated that they will rise in all the
studied populations because of the increasing longevity and
the high age-specific rate of melanoma in the elderly. The
latter highlights the rigorous need for adequate melanoma

control [26].

Non-Melanoma Skin Cancer or
Keratinocyte Carcinomas

Under the umbrella of NMSC we describe all the non-mela-
noma malignant neoplasms affecting the skin. However, espe-
cially epidemiologically, the term NMSC practically refers to
keratinocyte carcinomas, namely basal (BCC) and squamous
cell carcinoma (SCC), since they account for the 99% of the
tumors in this group [27].

The incidence of NMSC is 18-20 times higher than that
of melanoma [28]. However, compared to melanoma, the
epidemiology of NMSC is understudied. There are significant
limitations in the investigation of NMSC incidence, mainly
attributed to its marked geographic variability, as well as to
the fact that large cancer registries usually exclude NMSC
from their records, or the records are incomplete. Even sec-
ondary data analyses are rather limited [29]. The low mortal-
ity rate together with the practical difficulties in ascertaining
the large number of cases may represent possible reasons for
this gap in NMSC recording.

Indeed, the metastatic potential and mortality rates of
NMSC are low. The incidence of metastatic BCC and SCC
ranges between 0.00281-0.05% and 0.5-16 %, respectively,
whilst the age-adjusted mortality rate is estimated to be 0.12
per 100,000 for BCC and 0.3 per 100,000 for SCC [30-32].
However, despite its relatively low malignant potential,
NMSC is associated with a remarkable morbidity and sub-
stantial cost [33,34].

The lack of national cancer registries for NMSC restricts
our ability to estimate and establish definite and comparable
incidence rates. Looking at the map of keratinocyte carcino-
mas, it is evident that the worldwide incidence varies widely.
Australia is by far at the top of the rate, with more than 1,000
per 100,000 person-years for BCC (2,448/100.000, 2011),
followed by Europe (129.3 in men, and 90.8 in women per
100,000 person-years, European standard) and the US (450
per 100.000 person-years, 2010). Prevalence was estimated to
be 2.0% (2002), 1.4% and 0.7%, for Australia, Europe and
the US, respectively [35,2].

During the last 30 years, the incidence of SCC has been ris-
ing 3-10% per year [29]. For the same period, it is estimated
that BCC incidence rate has risen between 20-80% in the US
[29]. BCC is more common than SCC, with a standardized
ratio being roughly 4:1.2 [6]. The risk for development of a
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keratinocyte carcinoma increases with age [2]. With regards
to the gender, there is a slight male predilection, which also
increases with age [2]. Concerning lifetime risk of developing
a NMSC (for a child born in 1994 in Rhode Island, USA), it
was estimated to be 28-33% for BCC and 7-11% for SCC [2].

The most well recognized exogenous factor implicated
in the pathogenesis of NMSC is the ultraviolet radiation
(UVR). In Western societies, tan-seeking behavior, including
sunbathing and indoor tanning, outdoor activities without
adequate sun protection, clothing style and ozone depletion
are among the parameters contributing to the increased UVR-

exposure [2].

Future Projections About NMSC:
Why Should We Worry?

Future expectations, as reported by the Dutch National Insti-
tute for Public Health and the Environment, suggest a possible
increase in the overall number of extra cancer cases related
to environmental factors and increased UVR by 2060 [36].

Apart from environmental changes, another crucial rea-
son for a further future increase of the NMSC incidence is the
prolonged life expectancy. Data from the Population Division
of the Department of Economic and Social Affairs of the
United Nations underline that population ageing, as recorded
since 1950, is unprecedented, and it is estimated that within
the next four decades, will be even more rapid. By 2050, it
is expected that 32% of the world population will be above
the age of 60. Given the predilection of keratinocyte cancers
for the elderly, it is reasonable that NMSC will follow this
age increase [37].

Besides the the UV exposure and the increased life expec-
tancy, other possible reasons contributing to the incidence
increase during the last decades of life may include improved

registration procedures and improved diagnostic tools [6].

The Economic Burden of NMSC

Increasing incidence together with high prevalence translates
into significantly higher costs, which has become a consider-
able economic burden for public health services. The quantifi-
able financial cost consists of the direct costs, resulting from
medical care, and indirect costs, associated to loss of potential
life-years and productivity [38]. In Australia (population:
23.13 million), the estimated total cost, including diagnosis,
therapeutic management and histopathology, reached $511
million in 2010, and it is projected to increase up to $703
million by 2015 [39].

Similarly, in the US (population: 318.9 million), the esti-
mated total annual expenditure for NMSCs’ medical care

reached $650 million [40]. Concerning cost efficacy of differ-



ent care settings, Mudigonda et al found out that physician-
office settings are characterized by the lowest cost per episode
of care and represent the most popular choice of care. The
latter is in agreement with data in the recent literature that
evaluated the financial burden of BCC and reported higher
costs in the hospital compared to physician-office treatment
setting. In the same study, investigators concluded that in
descending order, cost of different treatment modalities is
as follows: radiotherapy, Mohs surgery, standard excision,
destruction (electrodessication and curettage, cryotherapy),
imiquimod and 5-fluoruracil [41]. This information is essen-
tial, since it indicates that investment in optimization of the
already existing, and development of new, physician-office
based treatments is clinically relevant and may contribute to

the control of the overall cost.

NMSC: Risk Factors

Elaboration of efficient prevention strategies requires good
knowledge of the risk factors. Regarding NMSC, these are
divided into personal and environmental. Age, gender and
genetic susceptibility are the most dominant risk factors of
the former group, while UVR exposure represents the most
dominant environmental risk factor [38]. The incidence of
SCC increases more rapidly with age than BCC. In younger
ages, the incidence of NMSC is similar for both sexes; how-
ever after the age of 45, men develop keratinocyte carcinomas
2-3 times more frequently than women. Genetic susceptibility
is mainly attributed to the melanin content of the skin and
ability to tan [6].

While SCC is strongly related to long-term, cumulative
sun exposure [42], the relationship between exposure to UVR
and the risk of BCC is more complex. It seems that a history
of excessive/intermittent sun exposure and sunburn in child-
hood and adolescence are responsible for its development
[43]. This observation is also in agreement with findings from
histopathological studies, investigating the association of SCC
and BCC with sun-damage alterations in the perilesional skin.
According to their results, presence of actinic damage at the
perilesional skin is five times more frequent in SCC than in
BCC [44].

A very worrisome finding in epidemiological studies is
the substantial increase of BCC among younger women. This
has raised concerns about the role of sunbathing and indoor
tanning behaviors, which may contribute to this increase [45].
Indeed, despite the intense warnings of the harmful effects of
indoor tanning, there are studies reporting that in Western
countries it is very common, especially among young indi-
viduals [46]. These findings contribute to the growing body
of evidence on the harm of indoor tanning and on the support
of public health campaigns and regulation to reduce exposure
and alter this modifiable risk factor [47].

Melanoma and NMSC:
Prevention Strategies

Prevention strategies are divided twofold: primarily to
encourage behavioral changes to lower subsequent skin can-
cer risk, and secondarily, to enhance early detection. Primary
prevention is considered efficient when it succeeds in reduc-
ing incidence over the years. To achieve this goal it must be
focused on interventions that reduce sun exposure, reinforce
the use of adequate sun protection and discourage intensive
tanning [47].

Approaching different age groups is sometimes tricky. As
an example, it seems that in teen girls emphasizing the risk-to-
appearance, by correlating sun damage and premature wrin-
kling, works better, while in teen boys, shifting the emphasis
from long-term risk of NMSC to protection of painful burns
is more efficient [48]. Stratification of the parents as models
of sun protection is also efficient. Introduction of sun protec-
tion policy guidelines for primary/secondary schools is also a
promising policy [49].

Implementation of mass media campaigns for public edu-
cation is considered a significant intervention for achieving
behavioral modification. The benefit-cost ratio of three skin
cancer campaigns held in Australia between 2006-2013 was
found to be 3.85, meaning that for every $1 invested, there is
a return of $3.85. Based on this finding, the authors concluded
that public education in mass media campaigns are beneficial,
taking into account the likelihood of resulting reduced mor-
bidity, mortality and economic burden of skin cancer [50].

On the other hand, the aim of secondary prevention is
to reduce morbidity and mortality, mainly through early
recognition of skin cancer. Some big steps towards early
diagnosis include screening of the high-risk population, skin
self-examination with the assistance of a partner, as well as
physicians’ surveillance [51,52]. The benefits of dermatos-
copy [53] and total body skin examination are well known,
especially when we deal with the population at high risk, such
as young individuals with many nevi and elderly people with

sun damage [54].

Conclusion

Taking into account the worldwide epidemiologic trends of
skin cancer, it becomes obvious that there is a rigorous need to
control increasing incidence and subsequent socioeconomic
burden. Efforts towards this aim include optimization of the
registration standards and development of efficient primary

and secondary prevention strategies.
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