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Abstract

An interesting clinical feature of basal cell carcinoma (BCC) of the skin is a marked variation in tumor number, sites, and accrual.
Some individuals develop only a single BCC lesion with no impact on health status, while a significant proportion is affected
repeatedly with new primary tumors at various body sites. Approximately 29% of patients with a first BCC will develop at least 1
more lesion during their lifetime. The candidate predictors for multiple BCC development include younger age and a superficial
BCC subtype at the time of the first diagnosis, red hair phenotype, initial or frequent tumor location on the trunk or on the upper
limbs, and male gender. The pathogenesis of multiple BCC development does not seem to be related to greater UVR exposure.
Individual genetic susceptibility may have a greater impact than extrinsic factors. In clinical practice, it is meaningful to estimate
the probability of new BCC development in patients who have an initial lesion. A reliable prediction model for individualized risk
stratification remains a subject of continued research; however, a focus on the risk factor profile is beneficial for clinical screening
and may help clinicians to determine the individuals who should be followed up more closely.
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asal cell carcinoma (BCC) of the skin constitutes ap-
Bproximately 75% of all malignant skin tumorst and it is
now the most common malignancy in the Caucasian pop-
ulation.! 2 The incidence rate varies significantly around
the world, ranging from 2 in East Asia to 1600/100.000 per
year in Queensland, Australia.? This oncological entity rep-
resents a heterogeneous group of tumors with a variable
clinical manifestation, histomorphology, and biological
behavior. Although it is usually a slow-growing neoplasia
with only minimal metastatic potential, some subtypes
grow aggressively, causing extensive tissue destruction.™
The disease can be classified into sporadic (non-syndromic)
and syndromic (hereditary) forms. In the first group, which

comprises the vast majority of the cases, the affected indi-
viduals do not have any genodermatosis susceptible to de-
veloping cutaneous malignancies. BCC lesions usually oc-
cur in middle-aged and older adults. In the second group,
the patients suffer from a genetic skin disorder (e.g., Gor-
lin-Goltz syndrome, Bazex syndrome, xeroderma pigmen-
tosum), which predisposes them to BCC development at
an early age. One of the interesting clinical features of this
cancer is a marked variation in tumor number, sites, and
accrual (number of tumors per year from the first presen-
tation) between individuals.®>! Some patients have devel-
oped only 1 BCC lesion throughout their life with no impact
on their health status. On the other hand, a significant pro-
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portion is affected several times by new primary tumors at
various body sites. Furthermore, although most individuals
demonstrate only a single lesion at each presentation, oth-
ers may suffer many tumor clusters at different locations.
-1 In this paper, the development of multiple cutaneous
BCCs is discussed with an emphasis on the pathogenesis,
risk factors, and prediction models for individualized risk
stratification.

Classification of BCC Phenotypes

As previously mentioned, BCC patients display a consid-
erable phenotypic diversity in tumor number and accrual.
Two decades ago, Ramachandran et al.®! proposed a clas-
sification of BCC cases on the basis of presentation with a
single presentation phenotype (SPP) or multiple presenta-
tion phenotype (MPP). SPP was subdivided into categories
of SPP-one and SPP-more. SPP-one comprises patients
with only a single BCC lesion at the first presentation and
no development of any additional lesions. The SPP-more
group includes patients with only 1 primary BCC lesion at
the first presentation but the development of additional
single lesions during follow-up. MPP was subdivided into
categories of MPP-cluster initial and MPP-cluster later.
A cluster was defined as the presence of 2 or more new,
primary BCC lesions at the same locality. The MPP-cluster
initial definition includes patients who present with a clus-
ter of BCC lesions at first presentation but may or may not
develop additional BCCs during follow-up. The MPP-cluster
later category comprises patients who had only 1 primary
BCC lesion at the first presentation but develop a cluster
at the next or a subsequent presentation. Although this
classification is well-conceived, it has many practical limi-
tations. Since the development of a cutaneous BCC is a dy-
namic process over a long period of time, the appropriate
category may change. Furthermore, many patients with
a single BCC lesion may die before they obtain adequate
follow-up. Nevertheless, this scheme describes the pheno-
typic heterogeneity of the disease and may be useful for
predicting the development of other new primary lesions.

Prevalence of Multiple BCC Cases

According to the literature data, the percentage of patients
with more than 1 primary BCC lesion has varied from 7% to
46%?" ¢ and the mean number of tumors per individual
has ranged from 1.5 to 1.9." ' This variability may be ex-
plained by several factors, such as the total number of par-
ticipants, distinct ethnicity, different follow-up periods, and
misclassification bias. A precise meta-analysis conducted
by Dutch authors" demonstrated that approximately 29%
of patients with a first BCC lesion will develop at least 1
more in their lifetime. In our recent study,"” we analyzed a

cohort of 899 patients with biopsy-proven cutaneous BCC
who were registered in our pathology database. Among
them, 171 (19%) had =2 primary lesions. The number of le-
sions per person ranged from 1 to 17, with a mean of 1.3.
All but 1 patient were cases of the sporadic form of disease
(Fig. 1). There was only 1 young man who suffered from
Gorlin-Goltz syndrome. He had dozens of primary BCC le-
sions, located mainly on the trunk (Fig. 2).

Pathogenesis and Risk Factors for BCC

BCCis a good example of an oncological disease caused by
interactions between extrinsic (environmental) and several
intrinsic (host-dependent) etiological factors.! While the

Figure 1. Two basal cell carcinoma lesions on the left cheek and the
left frontotemporal region in a 66-year-old man. (Image courtesy of
Dr. Milada Kullova).

Figure 2. Multiple basal cell carcinoma lesions on the back in a
34-year-old man with Gorlin-Goltz syndrome (Image courtesy of Dr.
Milada Kullova).
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first group mainly consists of extensive ultraviolet radiation
(UVR) exposure, the second includes a light skin phototype,
which is generally more prone to develop skin tumors.l'®
Because the pathogenesis and molecular mechanisms of
the disease are very complex, a detailed description would
go far beyond the scope of this article. They are well de-
scribed in other papers.'" ® 71 Herein, | only focus on some
aspects of UVR exposure and genetic susceptibility related
to individual response to UVR-induced DNA damage in the
putative precursor cells.

A. Ultraviolet Radiation Exposure

Although UVR (sunlight or sunbed use) has been accepted
as the key causal factor for cutaneous BCC, a lot of questions
still remain regarding the relationship between sun expo-
sure and tumor development. It is well known that areas
commonly more exposed to sunlight are more frequently
the sites of BCC lesions. BCC lesions arise most often on the
head and neck, and amount to more than 80% of cases.®
Since this body part represents the primary area of perma-
nently sun-exposed skin in humans, this reinforces cumula-
tive sun exposure as the main risk factor for BCC. However,
the fact that about one-quarter of BCC lesions occur on
anatomical sites that are not habitually exposed to the sun,
such as the trunk,"® indicates that discontinuous episodes
of intense sunlight exposure may also play an important
role in tumor pathogenesis. Epidemiological studies!® 2%
have confirmed such a hypothesis and found that intermit-
tent solar exposure (including severe sunburns, especially
in childhood), rather than chronic exposure, was a more
prejudicial etiological determinant in BCC carcinogenesis.
Currently there are suggestions that the pathophysiology
of BCC arising on distinct (sun-exposed vs sun-protected)
parts of the body and developing into different subtypes,
differs from the patterns of UVR exposure that give rise to
lesions arising on distinct body sites.” '® Depending on tim-
ing (childhood, adolescence), pattern (intermittent, continu-
ous), source (natural, artificial), and amount (cumulative sun
exposure), the impact of UVR on BCC development seems to
be far more complex.' In fact, only a fraction of the individ-
uals who have been exposed to increasing levels of solar UV
radiation during a lifetime will develop BCC and, vice versa,
many who have reported only a modest lifetime exposure to
sunlight will develop this malignancy. It obviously suggests
a genetic susceptibility to UVR-induced carcinogenesis in
the general population. Because the incidence of cutaneous
BCC, in contrast to cutaneous squamous cell carcinoma, is
clearly less dependent on solar exposure, genetic factors
must play a role in the etiology. Therefore, BCC may serve as
an excellent disease model for studying gene-environment
interactions in skin cancer.

B. Genetic Susceptibility

The principal genetic alterations mediating a predisposi-
tion to BCC development, especially multiple tumor man-
ifestation, are not fully understood. Genetic background
significantly modulates skin response to UVR. The effective-
ness of DNA reparative mechanisms undoubtedly modifies
the process of BCC carcinogenesis. In a study conducted by
Wang et al.,*"! reduced DNA repair capacity (DRC) for UVR-
induced DNA damage was established as an independent
risk factor for the development of BCC. They found that the
DRC was significantly lower in BCC patients compared with
controls, irrespective of tumor behavior, but interestingly,
not among individuals who had more than 1 BCC lesion.
Many other studies have indicated that there may be an
influence of genetic polymorphisms in a variety of molec-
ular markers (e.g., carcinogen-metabolizing enzymes, cel-
I-signaling proteins) on susceptibility to this cancer. For
example, a relationship has been demonstrated between
glutathione S-transferase,'** 28 reduced nicotinamide ade-
nine dinucleotide NAD(+):quinone oxidoreductase,* cy-
tochrome P450,222 21 yitamin D receptor,?*! tumor necrosis
factor alpha,® and the protein patched homolog (PTCH)?®
gene polymorphisms and the rate of development (num-
ber and accrual) of BCC lesions in individual patients. In
addition, an association between the human leukocyte
antigen (HLA) DR4 subtype®” or HLA-DR128 and the patho-
genesis of multiple BCCs was confirmed 2 decades ago. Be-
cause 1 of the effects of UVR is the creation of a sustained
immunosuppressive environment, the crucial parameter in
the promotion and progression of photo-induced skin can-
cers seems to be an activity of the immune system. The rate
of tumor appearance may be mediated by the efficiency of
the local immune surveillance of the skin. Ramachandran
et al.?? proposed a theory that the SPP-one, SPP-more, and
MPP-cluster later phenotypes, which initially have a single
BCC, reflect a modest reduction in the effectiveness of im-
mune surveillance. However, in MPP-cluster initial patients,
clustering at first presentation suggests a greater loss in
immune surveillance. The authors proposed that infection
and/or stress could cause temporary impairment of local,
cutaneous immunity in the presence of UVR exposure via
effects on expression of key cytokines.

Origin and Clonality of Neoplastic Cells

Identification of the cell origin of human neoplasias re-
mains a challenging but important task in cancer research.
Several cell types have been suggested as the precursor
cells for BCC,!" but it is currently thought to originate from
pluripotential stem cells in the basal layer of the interfol-
licular epidermis or the hair follicle."” BCC does not have
detectable precursor lesions and arises de novo,""® which
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makes it different from most other skin malignancies. The
question of local immune surveillance of neoplastic cells in
patients with multiple BCCs has not yet been clarified. The
results of Austrian authors® 3% indicated that the origin
may be polyclonal. Heitzer et al.?® sequenced the PTCH
gene and analyzed the loss of heterozygosity (LOH) pat-
tern of BCCs from a total of 6 patients with multiple lesions
(3 lesions from anatomically distant locations per patient).
They detected a total of 18 differential PTCH mutations
in 14 of 18 BCCs. On the basis of the PTCH mutation and
LOH pattern results, they concluded that BCCs in patients
with multiple lesions were most likely polyclonal in origin
and that multiple lesions at anatomically different body
sites may not arise from the same progenitor cell. Simi-
lar results corroborating a theory of BCC polyclonality
were also observed in their earlier research.®” However,
another molecular study®" of 41 BCC lesions from 15 in-
dividuals contradicts such a hypothesis and suggests that
the majority of anatomically distinct BCCs are monoclonal
neoplasms.

Risk Factor Profile for Multiple BCC Development

The risk factor profile of individuals who develop many
subsequent BCCs during their lifetime is relatively poorly
understood. Some investigators”-#32 have tried to explore
whether patients with a single BCC have a different scale
for risk factors compared with those with multiple lesions.
The results of several studies have suggested that can-
didate predictors for multiple BCC development include
younger age and a superficial BCC subtype at the time
of the first diagnosis,” %33 red hair phenotype,” initial or
frequent tumor location on the trunk® 7 83234 or on the
upper extremities” and clinical manifestation with tumor
clusters.® ¥ Further, some studies® '* ¥ have shown that
men have a higher risk of developing multiple BCCs than
women. In our recent study,™ we found that there was
a higher prevalence of male gender among the partici-
pants with multiple BCCs. While there was a nearly equal
proportion of men and women in the subset of mem-
bers with 2 BCCs, the male-to-female ratio continuously
increased with the number of additional lesions. These
findings confirm that men are more prone to develop a
greater number of BCCs than women, corroborating ob-
servations from some previous research.” '3 Further-
more, we found that in the subgroup of patients with
multiple BCCs, the tumors developed more frequently on
the back and upper limbs and much less frequently on the
face. Histologically, these BCCs more commonly consisted
of a superficial subtype and less commonly of a nodular
or infiltrative type. The data were consistent with the re-
sults published by Kiiski et al./”

Several papers'® 2232 have provided evidence that the risk
determinants for multiple BCC development are not related
to more UVR exposure during one’s life. Verkouteren et al.®
have demonstrated that no significant influence was found
for phenotype status or UVR-related characteristics on the
development of a second BCC. Even in the study of Ra-
machandran et al.,?? there was no proof that MPP patients
had received more UVR exposure. In other research,*? no
significant differences were seen between multiple and
single BCC in terms of outdoor occupation, skin type, or
eye/hair color. The data indicate that an individual genetic
susceptibility has a greater impact in the development of
multiple BCCs of the skin than the effect of extrinsic factors.

Prediction Models for Individualized Risk
Stratification

In clinical practice, it is worthwhile to estimate the prob-
ability of the development of new BCCs once an initial le-
sion has been detected. Information on the frequency and
timing of subsequent BCCs may be crucial to guiding ade-
quate follow-up care. It was calculated®” that among indi-
viduals with at least 1 previous BCC, the 1-, 3-, and 5-year
risk of a new BCC was 17%, 33%, and 41%, respectively.
More detailed observations showed®4 that the 5-year risk
of further BCC development in relation to the number of
prior BCCs increased as follows: 27% in cases of 1 BCC, 49%
with 2 BCCs, 68% with 3 BCCs, 73% with 4-5 BCCs, 78% with
6-9 BCCs, and 90% risk in those with =10 BCCs. However,
these data cannot be universally accepted for the entire
population and are insufficient for reliable individual pre-
diction in dermatological practice. Therefore, Verkouteren
et al® recently developed a simple model to predict an
individual’s risk of a second BCC at the time of a first BCC.
They demonstrated that the absolute risk of a second BCC
could be predicted with reasonable accuracy using simple
phenotypic, lifestyle, and tumor-specific characteristics.
The following 5 variables revealed the strongest associa-
tions with an increased risk of a new BCC: age at first BCC,
male sex, coffee consumption, superficial subtype of the
first BCC, and more than 1 BCC at first date of diagnosis.
The patients are scored according to these predictors, and
based on the total score, a corresponding percentage risk
of a second BCC within 1, 3, and 5 years may be assessed.
The physician can thus easily calculate the predicted risk of
a second BCC for a patient with an initial BCC. The predic-
tion model and simple scoring chart allow for identification
of high-risk patients for more intensive follow-up while ex-
cluding low-risk patients. As this is a novel scoring system,
further research is needed to confirm its validity and appli-
cability in routine practice.
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Conceptual and Practical Considerations

Although the occurrence of multiple cutaneous BCC har-
bors many conceptual and practical considerations, here
| mention only 2 practical issues. From a clinical point of
view, simultaneous or consecutive development of new
BCCs has a negative impact on clinical outcome, substan-
tially increases morbidity, and requires repeated treatment
interventions. That imposes a greater healthcare cost bur-
den. In addition, consistent evidence indicates®*® that pa-
tients with a history of BCCs also have an elevated risk of
developing other primary cutaneous malignancies. There-
fore, adequate clinical monitoring of these patients is nec-
essary.

From an epidemiological point of view, due to the com-
mon occurrence of multiple primary lesions within a sin-
gle individual, the statistically reported incidence of BCC
underestimates the true incidence of this neoplasia in the
population.” German authors!'? calculated an age-stan-
dardized incidence rate for the first BCC diagnosis (patient
incidence) and for any diagnosis of BCC (case incidence).
The case incidence was about 30% higher than the patient
incidence, since 25% of the individuals had more than 1
primary lesion during the 5-year period of the study. Simi-
larly, British investigators®” found that between 1993 and
2002, there was a 62% increase in the overall number of
BCC samples processed by local pathology laboratories but
only a 13% increase in the number of affected patients.

Conclusion

Many patients with diagnosed BCC of the skin have a ten-
dency to develop new primary lesions. A better under-
standing of why some individuals have many BCCs during
their lifetime is fundamental to the identification and selec-
tion of such cases at the first presentation. A focus on the
risk factor profile is beneficial for clinical screening and may
help clinicians determine who should be followed up more
closely. Early detection and removal of subsequent lesions
may be enhanced by encouraging a regular personal skin
inspections and professional skin assessments after an ini-
tial BCC diagnosis.
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