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Abstract: Background: The current vitamin D deficiency epidemic is accompanied by an increase
in endemic skin cancer. There are still multiple controversies. This review aims to give practical
recommendations regarding vitamin D among people at risk or with a personal history of skin cancer.
Methods: Narrative review including human research articles published between 2011 and 2021,
elaborated bearing in mind an epidemiological, patient-centered approach. Results: Ultraviolet
(UV) exposure (neither artificial nor natural) is not the ideal source to synthesize vitamin D. There
is conflicting epidemiological evidence regarding vitamin D, non-melanoma skin cancer (NMSC),
and cutaneous melanoma (CMM), confounded by the effect of sun exposure and other factors.
Conclusions: Current evidence is controversial, and there are no widely applicable strategies. We
propose three practical recommendations. Firstly, sun protection recommendations should be kept
among people at risk or with a personal history of skin cancer. Secondly, vitamin D should preferably
be sourced through diet. In patients with melanoma or at risk of cutaneous cancer, serum vitamin D
checks are warranted to detect and avoid its insufficiency.

Keywords: vitamin D; vitamin D deficiency; skin neoplasms; melanoma; cutaneous malignant
melanoma; basal cell carcinoma; squamous cell carcinoma; ultraviolet rays; primary prevention;
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1. Introduction

Misnamed vitamin D is a true hormone that humans can synthesize upon sun expo-
sure or through a balanced and healthy diet including vitamin D-rich foods or supplements.
However, our current predominantly indoor lifestyle with unhealthy, intense, and sporadic
sun exposure, along with other factors (such as human migratory movements), have con-
tributed to the vitamin D deficiency epidemic. Paradoxically, this epidemic is accompanied
by an increase in endemic skin cancer [1].

Vitamin D shows anti-proliferative and pro-apoptotic effects in vitro on both melanocytes
and keratinocytes. Ultraviolet (UV) exposure is the leading environmental risk factor for
cutaneous malignant melanoma (CMM) and non-melanoma skin cancer (NMSC). Some
studies have observed that vitamin D synthesis may protect against NMSC. However, the
optimum vitamin D dose to reduce skin cancer risk has yet to be confirmed [2].

There are still multiple controversies regarding vitamin D and skin cancer, including
the recommended serum levels and the limiting role that preventive measures against skin
cancer may have on effective vitamin D synthesis.

This review aims to address practical recommendations regarding:

e  The effect on vitamin D of sun protection recommendations among people at risk of
skin cancer or patients with a personal history of skin cancer;
e  The best source to acquire adequate vitamin D levels;
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e  The current evidence regarding vitamin D, non-melanoma skin cancer, and cutaneous
melanoma.

2. Methods

A narrative review was performed, including PubMed-indexed human research
articles published between 2011 and 2021, with available abstracts and written in English,
Spanish, or French. The following search query was used: “(“Vitamin D” [Mesh] OR
“Vitamin D Deficiency” [Mesh] OR Cholecalciferol [Mesh]) AND (“Skin Neoplasms” [Mesh]
OR “Melanoma” [Mesh] OR “Carcinoma, Basal Cell” [Mesh] OR “Carcinoma, Squamous
Cell” [Mesh]) AND (“prevention and control” [Subheading]).”

The review was elaborated bearing in mind an epidemiological, patient-centered
approach. From a total of 230 initially screened publications, we selected those that
specifically addressed the topics covered by this review. We read the full text of 102 articles,
extracted some other references from them, and finally, included 62 references (included in
this number is an additional one suggested during peer-review of the manuscript).

3. “Sun-Related” Cancer: Magnitude of the Problem

Basal cell carcinoma (BCC), squamous cell carcinoma (SCC) —these first two are
usually classified as NMSC-, and cutaneous malignant melanoma (CMM) are the three
most frequent types of cutaneous cancer, which are considered “sun-related” (mainly
UV-related) cancers.

A significant proportion of national tumor registries do not consider NMSC, given
their high frequency and apparently low impact, as well as the fact that some cases are
treated without histological confirmation. However, NMSC constitute the most commonly
diagnosed cancers in North America, Australia, and New Zealand [3].

An estimated number of 1,042,056 new NMSC cases were diagnosed worldwide in
2018, with 65,155 deaths (approximately 6%) attributable to NMSC (mostly SCC) [3]. The
incidence of SCC seems to be increasing, whereas mortality remains stable [4].

Cutaneous melanoma is considered the most lethal of the three main types of skin
cancer. An estimated 287,723 cases of CMM were diagnosed worldwide in 2018, causing
up to 60,712 deaths (21% mortality) [3]. CMM incidence has increased in most developed
countries, mainly accounting for thinner lesions with better prognoses. Mortality tends to
be stable among females in the United States (1.9 deaths per 100,000 attributed to CMM)
but has been increasing over the years among males (from 2.88 per 100,000 in 1975 to
4.44 per 100,000 in the 2011-2015 period). These differences among male and female rates
are controversial; behavioral, genetic, and hormonal factors may play a role [4].

4. The Vitamin D Deficiency Epidemic: The Problematic Effects of UV Exposure, UV
Protection, and Sun Avoidance

Vitamin D is a prohormone with two major forms: D3 (cholecalciferol) and D, (ergocal-
ciferol). Vitamin D; or D3 can be acquired exogenously from dietary intake. Vitamin D3 may
also be synthesized endogenously by photochemical modification of 7-dehydrocholesterol
in the skin upon UVB radiation. This cutaneous synthesis depends on different factors: the
solar UV index, the amount of sun-exposed and sun-protected skin, the amount of time
under the sun, the body mass index, the age, and skin phototype [5].

Vitamin D deficiency is an increasingly concerning global issue. Optimal levels are
not well defined, even for bone metabolism, and especially among non-Caucasians, who
usually have greater bone mass despite generally having lower serum vitamin D levels.
Among Caucasians, vitamin D levels tend to be lower in the fairest phototypes. This is
partially linked to less sun exposure given their higher photosensitivity, but there are other
factors involving vitamin D metabolism [6]. However, certain populations show higher
serum vitamin D among individuals with the fairest phototypes and pigmentation traits: a
UK-based cohort observed this, agreeing with the vitamin D hypothesis for the evolution
of skin pigmentation [7].
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UVB radiation (280-320 nm) is considered the most important environmental risk
factor for all skin cancers. UV wavelengths longer than 320 nm (UVA) are linked to
potentially mutagenic oxidative DNA damage. UV wavelengths shorter than 280 nm
(UVC) are blocked by the ozone layer [8].

UV rays induce multiple molecular cellular signaling events, resulting in inflammation
and secondary immunosuppression (with failure of apoptosis and aberrant differentia-
tion) [2]. UV-induced DNA damage induces the formation of cyclobutane pyrimidine
dimers (CPD) and pyrimidine(6—4)pyrimidone photoproducts. These can be highly mu-
tagenic if they are not repaired before cell division, causing DNA damage (which is said
to have the “UV signature”), leading to UV-induced immunosuppression and potential
carcinogenesis [9]. These mutations are frequently identifiable in oncogene and tumor
suppressor genes (such as p53) in skin tumors such as BCC, SCC, and actinic keratoses [8].
They are also frequently identified in the telomerase reverse transcriptase (TERT) promoter
gene, both in NMSC and CMM [10-12].

Cumulative UV exposure results in mutagenesis and, secondarily, cancer through a
complex interaction with other factors [2].

4.1. Type of Sun Exposure and Implications
There are two main categories of sun exposure:

(a) Intermittent sun exposure. Currently the most frequent type of sun exposure. Typical
of indoor workers who go outdoors on the weekend, sunbathe or have vacations in
sunny places;

(b)  Chronic sun exposure, which is usually associated with occupational exposure.

Sunburns (and intermittent sun exposure) increase the risk of CMM, mainly of the
superficial-spreading subtype, especially if these are severe and occur before 18 years
of age. Chronic sun exposure may lead to photoaging, cutaneous immune suppression,
NMSC, and lentigo maligna CMM subtype.

The timing of the sun exposure is also relevant. It appears that sun exposure during
the early years of life plays a crucial role in increasing the risk of melanoma in adulthood.
Cell growth during youth may multiply the risk. However, according to some authors,
high levels of early life sun exposure correlate to high levels of sun exposure over the
lifetime [4].

Furthermore, our lifestyle changes, including frequent use of multiple electronic
devices, have extended our artificial light exposure and may have consequences in the
circadian control of the skin [13].

4.2. Vitamin D and the Need for Sun Exposure?

Around 90% of vitamin D is produced in the skin upon exposure to sunlight, mainly to
the ultraviolet type B (UVB) spectrum. A meta-analysis including 14 studies from northern
Europe and one from New Zealand showed that partial skin exposure (of less than 10%
of the skin surface) to single UVB doses of 0.75 to 3 standard erythematous doses (SED)
are effective to generate or maintain a healthy vitamin status [14]. Nevertheless, excessive
solar exposure, particularly to this part of the UV spectrum, can be problematic.

Vitamin D deficiency in western developed countries occurs more frequently among
individuals with darker phototypes, but also in most of the active adult population (indoor
workers with scarce casual UV exposure) and elder people (with decreased skin thickness
and less skin vitamin D synthesis capacity) [15]. A study observed that most North
American children are not receiving enough UVB throughout the year to meet their minimal
vitamin D requirements [16]. However, among children of a significant proportion of
populations, sun exposure cannot be considered a good source of vitamin D. A Polish study
including a cohort of 32 children who had attended a summer camp on the Baltic Sea, with
low daily sun exposure, observed that their serum vitamin Dj3 levels improved modestly
(24%), in a proportion that did not reach that of the increase in urinary CPD secondary to
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sun damage (1262%) [17]. This was equivalent to the level of CPD of adults who received
higher UV doses during a shorter holiday in Tenerife [18].

It is, therefore, preferable and safer to obtain adequate levels of vitamin D through diet
than through sun exposure. In fact, it is currently accepted that dietary and supplemental
vitamin D is functionally identical to that produced after UV exposure, being more reliable
and quantifiable (the risks of keeping high levels of vitamin D have not been extensively
studied) source of this vitamin [19].

If sun exposure continues to be prescribed, it is paramount to find a healthy balance
that maximizes vitamin D synthesis while minimizing skin cancer risk [1,20]. Correct
medical advice can be of help to achieve it. Given that the UVB:UVA ratio is maximal at
noon, some authors have proposed that the best way to obtain vitamin D through sun
exposure with minimal carcinogenic risk is by getting sun-exposed in the middle of the
day (avoiding sunburn), rather than in the afternoon or morning [21].

There seems to be little to no consensus among different specialists (namely dermatolo-
gists, endocrinologists, and family medicine doctors) regarding the amount of sun exposure
time they recommend their patients to synthesize enough vitamin D [22]. According to a
500 Australian general practitioners survey, non-dermatologist physicians tend to be more
concerned about vitamin D deficiency than skin cancer, which may cause to advise too
much sun [23].

Population-wide campaigns can also be helpful. An Israel-based study observed
reasonable knowledge on the beneficial and deleterious effects of sun exposure among
the general population [24]. The latter seems to be an exception since other studies have
identified that men in lower socio-economic groups have worse awareness and behavior
regarding sunlight exposure and vitamin D [25].

In any case, advice on sun exposure should be adjusted to each patient’s characteristics,
along with the specific geographic and climatic conditions. Understanding the UV index
and the importance of sun exposure duration should be incorporated in our advice [26].
Computerized decision aids and algorithms that take into account these complexities
may be useful [23]. There are also some promising experiences using wearable devices to
promote UV exposure awareness [27]. Finally, it is necessary that political institutions and
health societies, along with institutions, find common ground and common language to
inform the general public without confusing them [28]. We need this to be more effective
and adaptable than ever, given that climate change and stratospheric ozone modification
have health effects and change UV exposure patterns [29].

4.3. Tanning Sunbeds: An Unhelpful Resource

Sunbeds deliver as much as 99% UVA (in excessive dosages, which are calculated to
be 5 to 15 times greater than the amount of summer midday sun on a Mediterranean beach),
but also emit small quantities of UVB, which are necessary to induce long-lasting tan, and
may also increase serum vitamin D [5]. This has led to propose the use of sunlamps to
achieve better vitamin D levels. There is proof that certain health professionals, such as
nurses, have used them personally, with this effect [30]. The problem with sunbeds is that
they only increase vitamin D levels mildly and transiently. Therefore, these devices are not
a safe source and should not be considered an option to achieve them [31].

Indoor tanning has proven to increase the risk of BCC, SCC, and premature photoaging.
This risk is higher for squamous cell carcinoma than for basal cell carcinoma [32]. Regarding
CMM, the results of a meta-analysis including 28 case-control studies found a mild increase
in melanoma risk considering sunbed use anytime in life, with more significant figures
when considering sunbed use before 35 years of age (relative risk of 1.59). This study found
a dose-response relation between the amount of sunbed use and the risk of melanoma
and an estimated 3438 new sunbed-associated melanoma cases in Europe [33]. However,
there are confounding factors such as the fact that “light-seeking” behaviors are strikingly
different among countries according to the latitudes, causing people with a higher risk of
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skin cancer (with an inability to tan, freckles, and red or blond hair) to be frequent users of
sunbeds [6]. Furthermore, indoor tanners are more likely to be outdoor tanners [34].

Taking into account these data, recreational indoor tanning can be considered a health
hazard. The World Health Organization classified UV-emitting tanning devices as group
1 carcinogens. Many countries have banned sunbed use by children and are establishing
regulations for sunbed providers [6,31].

Nevertheless, UV-emitting devices can be used to treat medical conditions such as
psoriasis or atopic dermatitis. These patients may be treated with UVA (with or without
oral photosensitizers such as psoralens) or narrow-band UVB phototherapy. The latter is
safer in the long run since UVA with oral psoralen administration is shown to increase SCC
risk among psoriasis patients (7) clearly and should be used with caution.

4.4. Sunscreens and Preventive Sun Avoidance as a Potential Part of the Problem?

Current sunscreens filter UVB and UVA with a better benefit/risk ratio than former
UVB-blocking organic filters. They are useful to prevent sunburns. Although incomplete,
there are enough data to affirm they are also helpful to prevent SCC, AK, and skin pho-
toaging. However, to date, sunscreens have not proved their effectiveness in significantly
preventing either CMM or BCC [15].

The limitation of perfect sunscreen use is that it may impair vitamin D synthesis [15]
(with studies stating that sun protection factor (SPF) 15 application can reduce it up to
98% [35]), triggering some authors to express an urgent need to evaluate the long-term
effect of recommending strict sun avoidance and extensive use of sunscreens in Caucasian
populations [6].

However, some studies have observed that this vitamin D synthesis impairment by
sunscreens is inconclusive and may not be significant in real-world conditions [35,36],
though there have been few trials of the high sun protection factor sunscreens that are
currently recommended widely [37].

A manuscript comparing adults in Kuwait who were regular sunscreen users with age,
phototype, and sex-matched people who never used sunscreen showed no differences in
vitamin D serum levels. The lack of significant differences in adults can be explained by the
fact that sunscreen users tend to overexpose to the sun (given that UVB-sunburn appears
much later or does not appear at all), in part counter-acting their beneficial effects [24].
Furthermore, the previously mentioned UK cohort of both parents and children showed
that those with fairer skin that were regular sunscreen users maintained similar vitamin D
levels as those with similar phototype and skin pigmentation traits that did not use sun
protection [7].

People who have fairer skin and are more sun-sensitive should avoid sunburns
by all means [38], as do patients at risk for skin cancer, such as solid organ transplant
recipients [39]. In any case, it seems necessary to assess vitamin D status to maximize
the benefits of sunscreen (32) and include information about vitamin D in skin cancer
prevention information and campaigns [34,40].

5. Vitamin D Status and Supplementation in Carcinogenesis and Skin Cancer

In vitro and preclinical animal models have shown that vitamin D alters cancer cell
differentiation, proliferation, and apoptosis, making it a candidate agent for cancer regu-
lation [41]. Whether vitamin D prevents cancer in humans or limits cancer progression
remains unresolved [42].

The role of vitamin D in cutaneous carcinogenesis is most likely related to its effects
on the regulation of growth, cell death, angiogenesis, and cell differentiation. The vitamin
D receptor (VDR) is codified by a gene located on chromosomal region 12q13, has variants
that are thought to alter its function [1], and is increasingly being considered as a tumor
suppressor in the skin (with protective actions against UV-induced epidermal cancer
formation) [43].
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The protective actions of vitamin D against cutaneous cancer have been evaluated from
the study of the relationship between vitamin D (levels, polymorphisms in the vitamin
D receptor, and dietary supplementation) with the incidence and survival of various
neoplasms [1].

It has been repeatedly suggested that sun exposure, through vitamin D production,
may yield a protective effect on various internal cancers. However, from a nested case-
control study of Swedish population-based registries comparing more than 100,000 patients
with basal cell carcinoma (as a paradigmatic example of people with more sun exposure
and vitamin D produced through it) with about 1 million control patients, it could be found
that patients with BCC are at higher risk of having other cancers before BCC diagnosis. This
evidence contradicts that vitamin D production via regular sun exposure has protective
effects on internal cancers [44].

Attempts have been made to determine the most appropriate cancer-protective vita-
min D daily intake. Daily doses of 1500 international units (IU) of vitamin D3 were shown
to reduce the male cancer mortality rate by 30% in the United States [1].

In recent years, many studies have made efforts to relate blood levels of vitamin Dj
(25-OH vitamin D) to the incidence of some cancers. For these studies, minimum values of
30-35 ng/mL (75-87.5 nmol /1) were used as a reference, which are considered optimal for
obtaining the maximum beneficial effects of vitamin D. These persist even after adjustment
for factors that could influence vitamin D levels, such as body mass index or age.

Sufficient vitamin D serum levels confer protection against multiple malignancies.
This is proved clinically in different tissues and in vitro in animal and cell culture studies.
However, there is not enough epidemiologic evidence to support the positive role of vitamin
D in preventing skin cancer, and there is even conflicting evidence [1,45]. As a matter of
fact, a recent meta-analysis including 13 prospective studies suggested that vitamin D
status is associated with greater risks of CMM and NMSC: each 30 nmol/L increment in
25(0OH)-Dj levels was associated with a 42%, 30%, and 41% increase in the risks of CMM,
SCC, and BCC. These increases were probably confounded by sun exposure [46].

5.1. Vitamin D and Non-Melanoma Skin Cancer

Higher serum vitamin Dj levels are associated with NMSC (OR: 2.07, CI: 1.52-2.80) [8,45],
with a linear dose-response [46]. As previously stated, this is probably related to the dual
effect of UVB, which allows vitamin D synthesis but, in turn, generates DNA damage
causing skin cancer.

Even though xeroderma pigmentosum patients (with probably the highest risk of
NMSC) have a high prevalence of vitamin D deficiency [47], current evidence regarding
vitamin D and NMSC is controversial, and it is yet to be defined if vitamin D may decrease
NMSC incidence or severity [2].

5.1.1. Basal-Cell Carcinoma (BCC)

Vitamin D inhibits the hedgehog pathway (the key tumor pathway in the development
of BCC). However, current epidemiological evidence is conflicting, and ad hoc, prospective
studies in humans are needed to know the true relationship between vitamin D serum
levels and BCC risk [48].

Apart from the linear dose-response increase in BCC risk regarding serum levels, the
previously referenced meta-analysis showed a slightly higher risk of BCC among those
receiving at least 100 daily international units of either dietary or supplemental vitamin D
(RR: 1.02, CI: 1.00-1.03, p = 0.03) [46]. The secondary analysis of a randomized clinical trial
of supplementation with vitamin D and/or calcium also showed no benefit in preventing
BCC (HR: 0.99; 95% CI: 0.65-1.51) [49].

Conversely, a study observed that maintaining serum vitamin D3 levels above 25 ng/mL
may significantly reduce recurrence rates of BCC [50].
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5.1.2. Squamous-Cell Carcinoma (SCC)

Molecular studies have shown that the VDR is induced by the tumor suppressor gene
p63, which (along with p53) is critical for keratinocytes to initiate the DNA repair process
after UV exposure [48].

Despite the observed increase in SCC incidence in those with higher vitamin D serum
levels, probably confounded by excessive photodamage [46], there is starting to be some
epidemiologic evidence to believe that vitamin D and/or calcium) supplementation may
be useful to prevent SCC (HR: 0.42; 95% CI: 0.19-0.91) [49].

Additionally, some studies have assessed the usefulness of vitamin D supplementation
or topical application in different indications. An example is the intermittent supplementa-
tion of cholecalciferol, which has proven to be helpful to enhance photodynamic therapy
to treat squamous cell carcinoma [51].

5.2. Vitamin D and Cutaneous Melanoma

The vitamin D pathway may play a role in melanoma since VDR expression is detected
in different melanoma samples and cells. Calcitriol is shown to inhibit tumor invasion and
angiogenesis in melanoma cell lines in animal models [48].

Adequate vitamin D levels are associated with diminished risk of melanoma occur-
rence (RR 0.62 [0.42-0.94]) [45], although there are heterogeneous and conflicting results in
different studies with various risk measures [46,48].

Regarding melanoma prognosis, lower serum vitamin D3 levels are significantly
related to worse prognostic traits, namely Breslow thickness, along with poorer melanoma
survival, even adjusting for inflammatory biomarkers [52]. Several studies have shown
similar associations: one studied patients with variations in the gene coding for vitamin
D-binding protein predisposing to lower serum vitamin D levels, with poorer melanoma-
specific survival [53], and another confirming a significant association between vitamin D
levels at diagnosis and location, tumor mitotic rate, and ulceration [54], and a more recent
one observing vitamin D levels < 9.25 ng/mL as independent prognostic factor for overall
survival in melanoma patients, linked to histologic ulceration [55]. Likewise, low vitamin
D levels are related to increased susceptibility to melanoma, along with reduced melanoma
survival [6]. However, several large-scale studies have not been able to prove the same
associations [56].

Further investigation is warranted to determine whether supplementation of vitamin
D could be of help for patients with or at risk of melanoma [52]. A study recently published
in this journal confirmed the safety of vitamin D3 supplementation (100,000 international
units every 50 days) to stage Il melanoma patients. It also observed that Breslow thickness
influences both disease-free survival and the response (in terms of serum vitamin D
levels) to supplementation [57]. Lower melanoma incidence has been observed in patients
following a vitamin D-rich diet, but it has not been confirmed in case-control studies
including individuals with a diet rich in vitamin D and patients receiving supplements. This
may be related with polymorphisms of the VDR receptor, which influence the antitumor
role of vitamin D [58]. There is additional conflicting evidence: a study observed that
high vitamin D intake resulted in an increased risk of melanoma among men but had a
protective effect against invasive melanoma in women [59].

In any case, it is reasonable to give vitamin D supplementation to those with insuffi-
cient vitamin D levels and to perform regular serum vitamin D re-screening among patients
with or at risk of melanoma [60,61].

6. Conclusions

Vitamin D is a hormone with proven in vitro anti-carcinogenic effects. Current ev-
idence is controversial and there are no widely applicable strategies. According to the
latest consensus statement from the second International Conference on Controversies
in vitamin D, serum vitamin D levels < 50 nmol/L are likely to have adverse effects on
health and affect one-quarter of the world’s population. This consensus also proposes ideal
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standards of further randomized controlled trials to evaluate the health benefits of vitamin
D supplementation [62].
In the light of the reviewed manuscripts, we propose three practical recommendations:

e  Sun protection recommendations among people at risk of skin cancer or patients with
a personal history of skin cancer should be kept.

e  Neither natural nor artificial sun exposure should be encouraged as the main source
of vitamin D. Given that dietary and supplemental vitamin D is functionally identical
to that produced after UV exposure (and is also more reliable and quantifiable), it
should be the preferred source of this vitamin.

e In patients with melanoma, or at risk of cutaneous cancer, serum vitamin D checks are
warranted in order to detect and avoid its insufficiency.

Author Contributions: Conceptualization, A.M.-G. and E.N.; methodology, A.M.-G. and E.N.; formal
analysis, AM.-G., EN., Y.G,; investigation, AM.-G., EN., Y.G.; resources, AM.-G., EN., Y.G,;
writing—original draft preparation, A.M.-G.; writing—review and editing, AM.-G., EN,, Y.G;;
visualization, A.M.-G., EN., Y.G.; supervision, E.N., Y.G.; funding acquisition, E.N. All authors have
read and agreed to the published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: A publicly available bibliographic database, PubMed.gov, was used
in this study. The complete search query is specified in the Methods section of the article. The full
bibliographic reference list is available on request from the corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Gilaberte, Y.; Aguilera, ].; Carrascosa, ].M.; Figueroa, F.L.; Romani de Gabriel, ].; Nagore, E. Vitamin D: Evidence and controversies.
Actas Dermosifiliogr. 2011, 102, 572-588. [CrossRef] [PubMed]

2. Arenberger, P; Arenbergerova, M. New and current preventive treatment options in actinic keratosis. J. Eur. Acad. Dermatol.
Venereol. 2017, 31, 13-17. [CrossRef]

3.  Bray, F,; Ferlay, J.; Soerjomataram, I.; Siegel, R.L.; Torre, L.A.; Jemal, A. Global cancer statistics 2018: GLOBOCAN estimates of
incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J. Clin. 2018, 68, 394-424. [CrossRef] [PubMed]

4. Berwick, M.; Garcia, A. Solar UV Exposure and Mortality from Skin Tumors: An Update. Adv. Exp. Med. Biol. 2020, 1268, 143-154.
[CrossRef] [PubMed]

5. De Giorgi, V.; Gori, A.; Grazzini, M.; Rossari, S.; Oranges, T.; Longo, A.S.; Lotti, T.; Gandini, S. Epidemiology of melanoma: Is it
still epidemic? What is the role of the sun, sunbeds, Vit D, betablocks, and others? Dermatol. Ther. 2012, 25, 392-396. [CrossRef]

6. Bataille, V. Sun exposure, sunbeds and sunscreens and melanoma. What are the controversies? Curr. Oncol. Rep. 2013, 15, 526-532.
[CrossRef]

7. Bonilla, C.; Ness, A.R.; Wills, A.K.; Lawlor, D.A.; Lewis, S.J.; Davey Smith, G. Skin pigmentation, sun exposure and vitamin D
levels in children of the Avon Longitudinal Study of Parents and Children. BMC Public Health 2014, 14, 597. [CrossRef]

8.  Bikle, D.D.; Elalieh, H.; Welsh, J.; Oh, D.; Cleaver, J.; Teichert, A. Protective role of vitamin D signaling in skin cancer formation. J.
Steroid Biochem. Mol. Biol. 2013, 136, 271-279. [CrossRef]

9.  Dixon, KM.; Norman, A.W.; Sequeira, V.B.; Mohan, R.; Rybchyn, M.S.; Reeve, V.E.; Halliday, G.M.; Mason, R.S. 1¢,25(OH),-
vitamin D and a nongenomic vitamin D analogue inhibit ultraviolet radiation-induced skin carcinogenesis. Cancer Prev. Res.
(Phila) 2011, 4, 1485-1494. [CrossRef]

10. Heidenreich, B.; Nagore, E.; Rachakonda, P.S.; Garcia-Casado, Z.; Requena, C.; Traves, V.; Becker, J.; Soufir, N.; Hemminki, K.;
Kumar, R. Telomerase reverse transcriptase promoter mutations in primary cutaneous melanoma. Nat. Commun. 2014, 5, 3401.
[CrossRef]

11.  Maturo, M.G.; Rachakonda, S.; Heidenreich, B.; Pellegrini, C.; Srinivas, N.; Requena, C.; Serra-Guillen, C.; Llombart, B.; Sanmartin,
O.; Guillen, C.; et al. Coding and noncoding somatic mutations in candidate genes in basal cell carcinoma. Sci. Rep. 2020, 10, 8005.
[CrossRef] [PubMed]

12.  Scott, G.A.; Laughlin, T.S.; Rothberg, P.G. Mutations of the TERT promoter are common in basal cell carcinoma and squamous
cell carcinoma. Mod. Pathol. 2014, 27, 516-523. [CrossRef] [PubMed]

13. Desotelle, J.A.; Wilking, M.].; Ahmad, N. The circadian control of skin and cutaneous photodamage. Photochem. Photobiol. 2012,

88, 1037-1047. [CrossRef]


http://doi.org/10.1016/j.ad.2011.03.015
http://www.ncbi.nlm.nih.gov/pubmed/21620350
http://doi.org/10.1111/jdv.14375
http://doi.org/10.3322/caac.21492
http://www.ncbi.nlm.nih.gov/pubmed/30207593
http://doi.org/10.1007/978-3-030-46227-7_7
http://www.ncbi.nlm.nih.gov/pubmed/32918217
http://doi.org/10.1111/j.1529-8019.2012.01483.x
http://doi.org/10.1007/s11912-013-0342-4
http://doi.org/10.1186/1471-2458-14-597
http://doi.org/10.1016/j.jsbmb.2012.09.021
http://doi.org/10.1158/1940-6207.CAPR-11-0165
http://doi.org/10.1038/ncomms4401
http://doi.org/10.1038/s41598-020-65057-2
http://www.ncbi.nlm.nih.gov/pubmed/32409749
http://doi.org/10.1038/modpathol.2013.167
http://www.ncbi.nlm.nih.gov/pubmed/24030752
http://doi.org/10.1111/j.1751-1097.2012.01099.x

Nutrients 2021, 13, 4292 90of 10

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Jager, N.; Schope, ].; Wagenpfeil, S.; Bocionek, P.; Saternus, R.; Vogt, T.; Reichrath, ]. The Impact of UV-dose, Body Surface Area
Exposed and Other Factors on Cutaneous Vitamin D Synthesis Measured as Serum 25(OH)D Concentration: Systematic Review
and Meta-analysis. Anticancer Res. 2018, 38, 1165-1171. [CrossRef]

Bens, G. Sunscreens. Adv. Exp. Med. Biol. 2014, 810, 429-463. [CrossRef]

Godar, D.E.; Pope, S.J.; Grant, W.B.; Holick, M.F. Solar UV doses of young Americans and vitamin D3 production. Environ. Health
Perspect. 2012, 120, 139-143. [CrossRef]

Narbutt, J.; Philipsen, P.A.; Lesiak, A.; Sandberg Liljendahl, T.; Segerbéck, D.; Heydenreich, J.; Chlebna-Sokol, D.; Olsen, P.;
Harrison, G.I.; Pearson, A.; et al. Children sustain high levels of skin DNA photodamage, with a modest increase of serum
25-hydroxyvitamin D(3), after a summer holiday in Northern Europe. Br. ]. Dermatol. 2018, 179, 940-950. [CrossRef]

Petersen, B.; Wulf, H.C.; Triguero-Mas, M.; Philipsen, P.A.; Thieden, E.; Olsen, P.; Heydenreich, J.; Dadvand, P.; Basagafia, X.;
Liljendahl, T.S.; et al. Sun and ski holidays improve vitamin D status, but are associated with high levels of DNA damage. J.
Investig. Dermatol. 2014, 134, 2806-2813. [CrossRef] [PubMed]

Reddy, K.K,; Gilchrest, B.A. Iatrogenic effects of photoprotection recommendations on skin cancer development, vitamin D levels,
and general health. Clin. Dermatol. 2011, 29, 644—651. [CrossRef] [PubMed]

Reichrath, J.; Reichrath, S. Hope and challenge: The importance of ultraviolet (UV) radiation for cutaneous vitamin D synthesis
and skin cancer. Scand. J. Clin. Lab. Investig. Suppl. 2012, 243, 112-119. [CrossRef]

Grigalavicius, M.; Moan, J.; Dahlback, A.; Juzeniene, A. Daily, seasonal, and latitudinal variations in solar ultraviolet A and B
radiation in relation to vitamin D production and risk for skin cancer. Int. J. Dermatol. 2016, 55, e23—€28. [CrossRef]

Abu-Abed, A.; Azbarga, S.; Peleg, R. Knowledge and attitudes of family doctors, dermatologists, and endocrinologists on sun
exposure and vitamin D. Postgrad. Med. 2018, 130, 477-480. [CrossRef] [PubMed]

Bonevski, B.; Girgis, A.; Magin, P.; Horton, G.; Brozek, I.; Armstrong, B. Prescribing sunshine: A cross-sectional survey of 500
Australian general practitioners’ practices and attitudes about vitamin D. Int. J. Cancer 2012, 130, 2138-2145. [CrossRef] [PubMed]
Al-Mutairi, N.; Issa, B.I.; Nair, V. Photoprotection and vitamin D status: A study on awareness, knowledge and attitude towards
sun protection in general population from Kuwait, and its relation with vitamin D levels. Indian . Dermatol. Venereol. Leprol. 2012,
78, 342-349. [CrossRef] [PubMed]

Burchell, K.; Rhodes, L.E.; Webb, A.R. Public Awareness and Behaviour in Great Britain in the Context of Sunlight Exposure
and Vitamin D: Results from the First Large-Scale and Representative Survey. Int. J. Environ. Res. Public Health 2020, 17, 6924.
[CrossRef] [PubMed]

Lucas, R.M.; Neale, R.E.; Madronich, S.; McKenzie, R.L. Are current guidelines for sun protection optimal for health? Exploring
the evidence. Photochem. Photobiol. Sci. 2018, 17, 1956-1963. [CrossRef]

Hussain, M.S.; Cripwell, L.; Berkovsky, S.; Freyne, ]. Promoting UV Exposure Awareness with Persuasive, Wearable Technologies.
Stud. Health Technol. Inform. 2016, 227, 48-54. [PubMed]

Greinert, R.; Breitbart, E.W.; Mohr, P.; Volkmer, B. Health initiatives for the prevention of skin cancer. Adv. Exp. Med. Biol. 2014,
810, 485-499. [CrossRef]

Lucas, RM,; Yazar, S.; Young, A.R.; Norval, M.; de Gruijl, ER.; Takizawa, Y.; Rhodes, L.E.; Sinclair, C.A.; Neale, R.E. Human
health in relation to exposure to solar ultraviolet radiation under changing stratospheric ozone and climate. Photochem. Photobiol.
Sci. 2019, 18, 641-680. [CrossRef]

Wallingford, S.C.; Jones, G.; Kobayashi, L.C.; Grundy, A.; Miao, Q.; Tranmer, J.; Aronson, K.J. UV and dietary predictors of serum
25-hydroxyvitamin D concentrations among young shift-working nurses and implications for bone density and skin cancer.
Public Health Nutr. 2014, 17, 772-779. [CrossRef]

Pierret, L.; Suppa, M.; Gandini, S.; Del Marmol, V.; Gutermuth, J. Overview on vitamin D and sunbed use. J. Eur. Acad. Dermatol.
Venereol. 2019, 33 (Suppl. 2), 28-33. [CrossRef]

Wehner, M.R,; Shive, M.L.; Chren, M.M.; Han, J.; Qureshi, A.A.; Linos, E. Indoor tanning and non-melanoma skin cancer:
Systematic review and meta-analysis. BM] 2012, 345, e5909. [CrossRef]

Boniol, M.; Autier, P.; Boyle, P.; Gandini, S. Cutaneous melanoma attributable to sunbed use: Systematic review and meta-analysis.
BM]J 2012, 345, e4757. [CrossRef]

Holman, D.M.; Berkowitz, Z.; Guy, G.P, Jr.; Lunsford, N.B.; Coups, E.J. The association between beliefs about vitamin D and skin
cancer risk-related behaviors. Prev. Med. 2017, 99, 326-331. [CrossRef]

Bora, N.S.; Mazumder, B.; Chattopadhyay, P. Prospects of topical protection from ultraviolet radiation exposure: A critical review
on the juxtaposition of the benefits and risks involved with the use of chemoprotective agents. J. Dermatolog. Treat. 2018, 29,
256-268. [CrossRef] [PubMed]

Passeron, T.; Bouillon, R.; Callender, V.; Cestari, T.; Diepgen, T.L.; Green, A.C.; van der Pols, ].C.; Bernard, B.A.; Ly, F;
Bernerd, F.; et al. Sunscreen photoprotection and vitamin D status. Br. J. Dermatol. 2019, 181, 916-931. [CrossRef]

Neale, R.E.; Khan, S.R.; Lucas, R.M.; Waterhouse, M.; Whiteman, D.C.; Olsen, C.M. The effect of sunscreen on vitamin D: A
review. Br. ]. Dermatol. 2019, 181, 907-915. [CrossRef] [PubMed]

Kim, S.; Carson, K.A.; Chien, A.L. Prevalence and correlates of sun protections with sunburn and vitamin D deficiency in
sun-sensitive individuals. J. Eur. Acad. Dermatol. Venereol. 2020, 34, 2664-2672. [CrossRef]

Reichrath, J. Solar ultraviolet radiation, vitamin D and skin cancer surveillance in organ transplant recipients (OTRs): An update.
Adv. Exp. Med. Biol. 2014, 810, 253-271. [CrossRef] [PubMed]


http://doi.org/10.21873/anticanres.12336
http://doi.org/10.1007/978-1-4939-0437-2_25
http://doi.org/10.1289/ehp.1003195
http://doi.org/10.1111/bjd.16668
http://doi.org/10.1038/jid.2014.223
http://www.ncbi.nlm.nih.gov/pubmed/24844860
http://doi.org/10.1016/j.clindermatol.2011.08.027
http://www.ncbi.nlm.nih.gov/pubmed/22014986
http://doi.org/10.3109/00365513.2012.682876
http://doi.org/10.1111/ijd.13065
http://doi.org/10.1080/00325481.2018.1478596
http://www.ncbi.nlm.nih.gov/pubmed/29792375
http://doi.org/10.1002/ijc.26225
http://www.ncbi.nlm.nih.gov/pubmed/21647876
http://doi.org/10.4103/0378-6323.95451
http://www.ncbi.nlm.nih.gov/pubmed/22565435
http://doi.org/10.3390/ijerph17186924
http://www.ncbi.nlm.nih.gov/pubmed/32971923
http://doi.org/10.1039/C7PP00374A
http://www.ncbi.nlm.nih.gov/pubmed/27440288
http://doi.org/10.1007/978-1-4939-0437-2_27
http://doi.org/10.1039/C8PP90060D
http://doi.org/10.1017/S1368980013001754
http://doi.org/10.1111/jdv.15316
http://doi.org/10.1136/bmj.e5909
http://doi.org/10.1136/bmj.e4757
http://doi.org/10.1016/j.ypmed.2017.03.007
http://doi.org/10.1080/09546634.2017.1364691
http://www.ncbi.nlm.nih.gov/pubmed/28783990
http://doi.org/10.1111/bjd.17992
http://doi.org/10.1111/bjd.17980
http://www.ncbi.nlm.nih.gov/pubmed/30945275
http://doi.org/10.1111/jdv.16681
http://doi.org/10.1007/978-1-4939-0437-2_14
http://www.ncbi.nlm.nih.gov/pubmed/25207370

Nutrients 2021, 13, 4292 10 of 10

40.

41.

42.
43.
44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Kalia, S.; Kwong, Y.K K. Relationship between sun safety behaviours and modifiable lifestyle cancer risk factors and vitamin D
levels. Photodermatol. Photoimmunol. Photomed. 2019, 35, 429-435. [CrossRef]

Nemazannikova, N.; Antonas, K.; Dass, C.R. Role of vitamin D metabolism in cutaneous tumour formation and progression. J.
Pharm. Pharmacol. 2013, 65, 2-10. [CrossRef]

Kennel, K.A.; Drake, M.T. Vitamin D in the cancer patient. Curr. Opin. Support. Palliat. Care 2013, 7, 272-277. [CrossRef]

Bikle, D.D. Vitamin D receptor, a tumor suppressor in skin. Can. J. Physiol. Pharmacol. 2015, 93, 349-354. [CrossRef] [PubMed]
Lindelof, B.; Krynitz, B.; Ayoubi, S.; Martschin, C.; Wiegleb-Edstréom, D.; Wiklund, K. Previous extensive sun exposure and
subsequent vitamin D production in patients with basal cell carcinoma of the skin, has no protective effect on internal cancers.
Eur. J. Cancer 2012, 48, 1154-1158. [CrossRef]

Espié, M.; Wassermann, J.; de Kermadec, E.; Lalloum, M.; Coussy, F. Vitamin D and cancers. Presse Med. 2013, 42, 1405-1411.
[CrossRef]

Mahamat-Saleh, Y.; Aune, D.; Schlesinger, S. 25-Hydroxyvitamin D status, vitamin D intake, and skin cancer risk: A systematic
review and dose-response meta-analysis of prospective studies. Sci. Rep. 2020, 10, 13151. [CrossRef] [PubMed]

Kuwabara, A.; Tsugawa, N.; Tanaka, K.; Uejima, Y.; Ogawa, J.; Otao, N.; Yamada, N.; Masaki, T.; Nishigori, C.; Moriwaki, S.; et al.
High prevalence of vitamin D deficiency in patients with xeroderma pigmetosum-A under strict sun protection. Eur. J. Clin. Nutr.
2015, 69, 693-696. [CrossRef]

Tang, J.Y.; Fu, T,; Lau, C.; Oh, D.H,; Bikle, D.D.; Asgari, M.M. Vitamin D in cutaneous carcinogenesis: Part II. |. Am. Acad. Dermatol.
2012, 67, 817.E1-817.E11. [CrossRef]

Passarelli, M.N.; Karagas, M.R.; Mott, L.A.; Rees, ].R.; Barry, E.L.; Baron, J.A. Risk of keratinocyte carcinomas with vitamin D and
calcium supplementation: A secondary analysis of a randomized clinical trial. Am. J. Clin. Nutr. 2020, 112, 1532-1539. [CrossRef]
[PubMed]

Ince, B.; Yildirim, M.E.C.; Dadaci, M. Assessing the Effect of Vitamin D Replacement on Basal Cell Carcinoma Occurrence and
Recurrence Rates in Patients with Vitamin D Deficiency. Horm. Cancer 2019, 10, 145-149. [CrossRef]

Anand, S.; Rollakanti, K.R.; Horst, R.L.; Hasan, T.; Maytin, E.V. Combination of oral vitamin D3 with photodynamic therapy
enhances tumor cell death in a murine model of cutaneous squamous cell carcinoma. Photochem. Photobiol. 2014, 90, 1126-1135.
[CrossRef]

Fang, S.; Sui, D.; Wang, Y.; Liu, H.; Chiang, Y.J.; Ross, M.I;; Gershenwald, J.E.; Cormier, J.N.; Royal, R.E.; Lucci, A.; et al.
Association of Vitamin D Levels with Outcome in Patients with Melanoma After Adjustment For C-Reactive Protein. J. Clin.
Oncol. 2016, 34, 1741-1747. [CrossRef]

Davies, J.R; Field, S.; Randerson-Moor, J.; Harland, M.; Kumar, R.; Anic, G.M.; Nagore, E.; Hansson, J.; Hoiom, V.; Jénsson,
G.; et al. An inherited variant in the gene coding for vitamin D-binding protein and survival from cutaneous melanoma: A
BioGenoMEL study. Pigment Cell Melanoma Res. 2014, 27, 234-243. [CrossRef]

Moreno-Arrones, O.M.; Zegeer, |J.; Gerbo, M.; Manrique-Silva, E.; Requena, C.; Traves, V.; Nagore, E. Decreased vitamin D serum
levels at melanoma diagnosis are associated with tumor ulceration and high tumor mitotic rate. Melanoma Res. 2019, 29, 664-667.
[CrossRef] [PubMed]

Moro, R.; Sanchez-Silva, A.; Aguerralde-Martin, M.; Gonzélez-Cuevas, R.; Peruilh-Bagolini, L.; Traves, V.; Manrique-Silva, E.;
Requena, C.; Nagore, E. Efecto de los niveles séricos de vitamina D en el pronéstico del melanoma cutaneoPrognostic Value of
Vitamin D Serum Levels in Cutaneous Melanoma. Actas Dermosifiliogr. 2021. (accepted).

Tong, L.X.; Young, L.C. Nutrition: The future of melanoma prevention? J. Am. Acad. Dermatol. 2014, 71, 151-160. [CrossRef]
[PubMed]

Johansson, H.; Spadola, G.; Tosti, G.; Mandala, M.; Minisini, A.M.; Queirolo, P.; Aristarco, V.; Baldini, F.; Cocorocchio, E.;
Albertazzi, E.; et al. Vitamin D Supplementation and Disease-Free Survival in Stage II Melanoma: A Randomized Placebo
Controlled Trial. Nutrients 2021, 13, 1931. [CrossRef] [PubMed]

Uzarska, M.; Czajkowski, R.; Schwartz, R.A.; Bajek, A.; Zegarska, B.; Drewa, T. Chemoprevention of skin melanoma: Facts and
myths. Melanoma Res. 2013, 23, 426-433. [CrossRef]

Hyde, M.A_; Grossman, D.; Wu, Y.P,; Buys, S.; Gren, L.H.; Hashibe, M. Vitamin D, melanoma risk, and tumor thickness in PLCO
cancer screening trial patients. JAAPA 2020, 33, 35—41. [CrossRef]

Kimlin, M.G.; Youl, P; Baade, P; Rye, S.; Brodie, A. Is Vitamin D Level at Melanoma Diagnosis Associated with Stage of Tumor?
An Observational Study of Melanoma Patients Living in a High Ultraviolet Radiation Environment. Mil. Med. 2019, 184, 506-510.
[CrossRef]

Hernandez-Ostiz, S.; Pérez-Ramada, M.D.; Ortiz, B.; Requena, C.; Ribas, G.; Aznar, E.; Nagore, E. 25-Hydroxyvitamin D in
Patients with Melanoma and Factors Associated with Inadequate Levels. Actas Dermosifiliogr. 2016, 107, 758-764. [CrossRef]
[PubMed]

Giustina, A.; Adler, R.A.; Binkley, N.; Bollerslev, J.; Bouillon, R.; Dawson-Hughes, B.; Ebeling, PR.; Feldman, D.; Formenti, A.M.;
Lazaretti-Castro, M.; et al. Consensus statement from 2nd International Conference on Controversies in Vitamin D. Rev. Endocr.
Metab. Disord. 2020, 21, 89-116. [CrossRef] [PubMed]


http://doi.org/10.1111/phpp.12494
http://doi.org/10.1111/j.2042-7158.2012.01527.x
http://doi.org/10.1097/SPC.0b013e3283640f74
http://doi.org/10.1139/cjpp-2014-0367
http://www.ncbi.nlm.nih.gov/pubmed/25559384
http://doi.org/10.1016/j.ejca.2011.06.049
http://doi.org/10.1016/j.lpm.2013.07.013
http://doi.org/10.1038/s41598-020-70078-y
http://www.ncbi.nlm.nih.gov/pubmed/32753685
http://doi.org/10.1038/ejcn.2015.1
http://doi.org/10.1016/j.jaad.2012.07.022
http://doi.org/10.1093/ajcn/nqaa267
http://www.ncbi.nlm.nih.gov/pubmed/33022713
http://doi.org/10.1007/s12672-019-00365-2
http://doi.org/10.1111/php.12286
http://doi.org/10.1200/JCO.2015.64.1357
http://doi.org/10.1111/pcmr.12193
http://doi.org/10.1097/CMR.0000000000000638
http://www.ncbi.nlm.nih.gov/pubmed/31469708
http://doi.org/10.1016/j.jaad.2014.01.910
http://www.ncbi.nlm.nih.gov/pubmed/24656410
http://doi.org/10.3390/nu13061931
http://www.ncbi.nlm.nih.gov/pubmed/34199802
http://doi.org/10.1097/CMR.0000000000000016
http://doi.org/10.1097/01.JAA.0000662388.18867.42
http://doi.org/10.1093/milmed/usy384
http://doi.org/10.1016/j.ad.2016.06.002
http://www.ncbi.nlm.nih.gov/pubmed/27418183
http://doi.org/10.1007/s11154-019-09532-w
http://www.ncbi.nlm.nih.gov/pubmed/32180081

	Introduction 
	Methods 
	“Sun-Related” Cancer: Magnitude of the Problem 
	The Vitamin D Deficiency Epidemic: The Problematic Effects of UV Exposure, UV Protection, and Sun Avoidance 
	Type of Sun Exposure and Implications 
	Vitamin D and the Need for Sun Exposure? 
	Tanning Sunbeds: An Unhelpful Resource 
	Sunscreens and Preventive Sun Avoidance as a Potential Part of the Problem? 

	Vitamin D Status and Supplementation in Carcinogenesis and Skin Cancer 
	Vitamin D and Non-Melanoma Skin Cancer 
	Basal-Cell Carcinoma (BCC) 
	Squamous-Cell Carcinoma (SCC) 

	Vitamin D and Cutaneous Melanoma 

	Conclusions 
	References

