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The powerful rays of the sun represent a conditio sine qua non for life on earth
in its present form and a major driver for human evolution. However, solar
radiation exerts both positive and negative effects on human health. As a
result of this dilemma, there is an ongoing controversy and intense discussion
in scientific communities and the general population to answer this funda-
mental question of environmental medicine: how much sun is good for human
health? The first two editions of “Sunlight, Vitamin D and Skin Cancer,”
designed and organized to be up-to-date reviews, were widely recognized
benchmarks on the subject when published in 2008 and 2014, respectively.
This new and extended volume continues to include extensive, in-depth
chapters covering the most important aspects of the ongoing debate on how
much sun is good/optimal for human health and how to balance between
positive and negative effects of solar and artificial UV radiation. As a result of
a mountain of new information about the health benefits caused by the UV-
induced cutaneous synthesis of vitamin D, this book has been expanded
substantially to include many new topics. It is generally accepted that UV
exposure represents the most important risk factor for the development of
non-melanoma skin cancer. Additionally, assessment of sun exposure
parameters has consistently shown an association between the development
of malignant melanoma and short-term intense UV exposure, particularly
burns acquired in childhood. As a consequence, protection of the skin from
UV radiation is an integral part of skin cancer prevention campaigns. How-
ever, more chronic less-intense UV exposure has not been found to be a risk
factor for melanoma and in fact has been found in some studies to be
protective. Moreover, besides many other photoproducts, 90% of all requisite
vitamin D is formed within the skin through the action of the sun — a serious
problem, for a connection between vitamin D deficiency and many severe
diseases, including various types of cancer (e.g., colon, prostate, and breast
cancer), has been demonstrated in a large number of studies. Hence, the
association between vitamin D deficiency and various diseases, including
internal malignancies, has opened a debate among dermatologists and other
clinicians on how to balance between positive and negative effects of solar
and artificial UV exposure. The goal of this volume is to provide a compre-
hensive highly readable, updated, and extended overview on our present
knowledge of positive and negative effects of UV exposure, with a focus on
vitamin D and skin cancer. Topics are discussed in depth by leading
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researchers and clinicians ranging from the newest findings in endocrinology
(including the relevance of non-classical vitamin D metabolites), epidemiol-
ogy, histology, photobiology, immunology, cytogenetics, and molecular
pathology to new concepts for disease prevention and treatment. Experts in
the field as well as health-care professionals not intimately involved in these
specialized areas have provided the most significant and timely information
related to these topics. It is the aim of this third edition to summarize essential
up-to-date information for every clinician or scientist interested in how to
balance between positive and negative effects of UV exposure to minimize the
risks that are associated with insufficient (e.g., developing vitamin D defi-
ciency) and excessive (e.g., skin cancer) exposure. Again, all the chapters are
written by authors who are experts in their respective research areas, and [ am
grateful for their willingness to contribute to this book. I am convinced that
this edition will be as successful as the previous ones. I would also like to
express my thanks to Larissa Albright, Anthony Dunlap, Murugesan
Tamilselvan, and all the other members of the Springer Nature staff for their
expertise, diligence, and patience in helping me complete this work.
Enjoy the reading!

Homburg/Saar, Germany Jorg Reichrath

Preface
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Jorg Reichrath

Abstract

How to deal with the powerful rays of the sun
represents a fundamental question of environ-
mental medicine, affecting skin cancer preven-
tion campaigns and many other aspects of
public health. However, when preparing
recommendations for sunlight exposure,
physicians, scientists, and other health
authorities are in a dilemma, because solar
radiation exerts both positive and negative
effects on human health. While positive effects
are at least in part mediated via the UV (Ultra-
violet)-B-induced cutaneous synthesis of
vitamin D, negative effects include the
UV-mediated photocarcinogenesis of skin
cancer. During the last century, interest in the
positive effects of the sun on our health
increased dramatically after the introduction
of the so-called vitamin D/cancer hypothesis.
In the late 1930s, Peller and Stephenson
reported higher rates of skin cancer but lower
rates of other cancers among the US Navy
personnel. Several years later, Apperly
reported an association between latitude and
cancer mortality rate in North America. He
argued that the “relative immunity to cancer
is a direct effect of sunlight”. Although the
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hypothesis that sun exposure may be beneficial
against cancer had been proposed early, these
observations supporting the hypothesis were
ignored for nearly 40 years, until a clear mech-
anism was proposed. In the 1980s, Garland
and Garland published a pilot study focusing
on colon cancer and suggested that the possi-
ble benefits of sun exposure could be
attributed to vitamin D. Later, the proposed
protective role of vitamin D was extended to
many other types of cancer. Subsequent labo-
ratory investigations supported potential anti-
carcinogenic effects of vitamin D compounds.
We know today that many, but not all, of the
positive effects of the sun on human health are
mediated by the UV-induced cutaneous syn-
thesis of vitamin D and other photoproducts.
However, because of the abovementioned
dilemma, there is an ongoing controversial
discussion in scientific communities and in
the general population that how much sunlight
is optimal for human health. This chapter
summarizes the content of the third edition of
“Sunlight, Vitamin D and Skin Cancer,” a
book specifically designed and organized to
be an up-to-date review covering the most
important aspects of the ongoing debate on
how much sun is good for human health and
how to balance between the positive and neg-
ative effects of solar and artificial
UV-radiation, including lessons learned from
Paleolithic models and evolution.
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When preparing recommendations for sunlight
exposure, physicians, scientists and other health
authorities are in a dilemma, because solar radia-
tion exerts both positive and negative effects on
human health (rev. in [11]). While positive effects
are at least in part mediated via the UV-B-induced
cutaneous synthesis of vitamin D, negative effects
include the UV-mediated photocarcinogenesis of
skin cancer (rev. in [11, 13]). During the last
century, interest in the positive effects of the sun
on our health increased dramatically after the
introduction of the so-called vitamin D/cancer
hypothesis (rev. in [12]). Although the hypothesis
that sun exposure may be beneficial against can-
cer had been proposed early in the last century,
these observations were ignored for nearly
40 years, until a convincing mechanism was pro-
posed (rev. in [12]). In the late 1930s, Peller and
Stephenson reported higher rates of skin cancer
(i.e., eight times higher) but lower rates of other
cancers among the US Navy personnel ([16]; rev.
in [12]). Peller and Stephenson suggested that sun
exposure induced skin cancer, which conse-
quently conferred immunity against other cancers
([16]; rev. in [12]). Several years later, Apperly
reported an association between latitude and can-
cer mortality rate in North America ([1]; rev. in
[12]). He observed that individuals in high-
latitude regions had higher rates of total cancer
mortality when compared to those in low-latitude
regions. He argued that the “relative immunity to
cancer is a direct effect of sunlight ([1]; rev. in
Kim and Giovannussi). In the 1980s, Garland and
Garland suggested that the possible benefits of
sun exposure could be attributed to vitamin D
([7]; rev. in [12]). They hypothesized that vitamin
D was protective against colon cancer, based on
the premise that most vitamin D in humans is
made from exposure to solar Ultraviolet-B
(UV-B) radiation ([7]; rev. in [12]). While this
study focused on colon cancer, the proposed
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protective role of vitamin D was later extended
to cancers in the breast, ovary, prostate, and other
multiple sites (rev. in [12]). Subsequent labora-
tory studies supported potential anti-carcinogenic
effects of vitamin D compounds (rev. in [12]). We
know today that many, but not all, of the positive
effects of the sun on human health are mediated
by the UV-induced cutaneous synthesis of vita-
min D and other photoproducts (rev. in [11]).
However, because the powerful rays of the sun
may also exert negative effects on human health,
we are in a dilemma, and there is an ongoing
controversial discussion in scientific communities
and in the general population that how much
sunlight is good for human health. When the
first edition of “Sunlight, Vitamin D and Skin
Cancer,” designed and organized to be an up-
to-date review, was published in 2008, it was
the benchmark on the subject. This new and
extended volume continues to include extensive,
in-depth chapters covering the most important
aspects of the ongoing debate on how much sun
is good for human health and how to balance
between the positive and negative effects of
solar and artificial UV radiation. As a result of a
mountain of new information about the health
benefits of the UV-induced cutaneous synthesis
of vitamin D, including lessons learned from
Paleolithic models (rev. in [22]) and evolution
[11], this book has been expanded substantially
to include many new topics.

The first section of this book focusses on pho-
tobiology and the positive biological effects of
vitamin D compounds. In Chap. 2 entitled “Sun-
light, UV-Radiation, Vitamin D and Skin Cancer:
How Much Sunlight Do We Need?” Michael
F. Holick gives an excellent overview on the
multiple biological effects of the sunshine vita-
min, which is vitamin D [11]. He points out that
during exposure to sunlight, the ultraviolet B
photons enter the skin and photolyze
7-dehydrocholesterol to previtamin D3, which in
turn is isomerized by the body’s temperature to
vitamin D3. He further explains that most humans
depend on sun for their vitamin D requirement
and that skin pigment, sunscreen use, aging, time
of day, season, and latitude dramatically affect
previtamin D3 synthesis. Michael Holick reports



1 Lessons Learned from Paleolithic Models and Evolution for Human Health: A. .. 5

that vitamin D deficiency was thought to have
been conquered, but it is now recognized that
more than 50% of the world’s population is at
risk for vitamin D deficiency [11]. This deficiency
is in part due to the inadequate fortification of
foods with vitamin D and the misconception that
a healthy diet contains an adequate amount of
vitamin D [11]. Vitamin D deficiency causes
growth retardation and rickets in children and
will precipitate and exacerbate osteopenia, osteo-
porosis and increase risk of fracture in adults.
Holick further explains that the vitamin D defi-
ciency pandemic has been associated with other
serious consequences, including increased risk of
common cancers, autoimmune diseases, infec-
tious diseases and cardiovascular disease
[11]. He concludes that there needs to be a
renewed appreciation for the beneficial effect of
moderate sensible sunlight for providing all
humans with their vitamin D requirement for
health [11].

In the Chap. 3 entitled “Vitamin D Status and
Cancer Incidence and Mortality,” Hanseul Kim
and Edward Giovannucci explain that there have
been numerous efforts in studying the relation-
ship between sun exposure and cancer incidence
and mortality [12]. The authors point out that in
the late 1930s, Peller and Stephenson reported
higher rates of skin cancer (i.e., eight times
higher) but lower rates of other cancers among
the US Navy personnel ([16]; rev. in [12]). Peller
and Stephenson suggested that sun exposure
induced skin cancer, which consequently
conferred immunity against other cancers ([16];
rev. in [12]). After several years, Apperly
reported an association between latitude and can-
cer mortality rate in North America ([1]; rev. in
[12]). He observed that individuals in high-
latitude regions had higher rates of total cancer
mortality when compared to those in low-latitude
regions. He argued that the “relative immunity to
cancer is a direct effect of sunlight” ([1]; rev. in
[12]). Although the hypothesis that sun exposure
may be beneficial against cancer had been pro-
posed early, these observations supporting the
hypothesis were ignored for nearly 40 years,
until a clear mechanism was proposed. In the
1980s, Garland and Garland suggested that the

possible benefits of sun exposure could be
attributed to vitamin D ([7]; rev. in [12]). They
hypothesized that vitamin D was protective
against colon cancer, based on the premise that
most vitamin D in humans is made from exposure
to solar Ultraviolet-B (UV-B) radiation ([7]; rev.
in [12]). While this study focused on colon can-
cer, the proposed protective role of vitamin D was
later extended to cancers in the breast, ovary,
prostate, and other multiple sites. Subsequent lab-
oratory studies supported potential anti-
carcinogenic properties of vitamin D including
increased differentiation and apoptosis and
inhibited proliferation, invasiveness, angiogene-
sis, and metastatic potential. This chapter
provides a review and synthesis of up-to-date
epidemiologic evidence on the association
between vitamin D and the incidence and mortal-
ity for various cancers. After Garland and
Garland’s initial hypothesis, numerous epidemio-
logic studies have supported the protective role of
vitamin D (or sun exposure) on different cancer
sites. In this chapter, Hanseul Kim and Edward
Giovannucci first discuss epidemiologic studies
that assess the association between serum vitamin
D levels and cancer incidence and mortality and
then discuss vitamin D intake studies, including
evidence from the most recent randomized con-
trolled trial (RCT) data. Hanseul Kim and Edward
Giovannucci, the authors, consider three
endpoints: cancer incidence (newly onset cases
diagnosed during the study period in an initially
cancer-free population), cancer mortality (fatal
cases occurring during the study period in an
initially cancer-free population), and cancer sur-
vival (survival or mortality from cancer among
individuals already diagnosed with cancer). They
demonstrate that, over the last several decades,
vitamin D has received substantial study in rela-
tion to the common cancers, and less so for the
rarer malignancies (rev. in [12]). For cancer inci-
dence, based on observational studies, a consis-
tent inverse association has only been observed
for colorectal cancer. RCTs also do not support a
general effect of vitamin D on cancer incidence.
Although these RCTs potentially provide more
evidence for a causal association, there exist
important limitations. Trials with longer duration



are warranted for studies on cancer incidence
because of potential long durations required to
observe an effect. For example, epidemiologic
evidence suggests that at least 10 years are needed
for any influence of calcium or vitamin D to show
on colorectal cancer occurrence. Since most
cancers generally arise through a multi-stage pro-
cess that lasts for a long period of time, studies
with relatively short duration would not capture
the benefit of vitamin D on cancer risk, if there is
any. In addition, in trials, it is difficult to choose a
single “proper” or “effective” dosage that a sus-
ceptible population could benefit from. Therefore,
although RCTs are generally considered as a gold
standard, their results should still be interpreted
with caution for issues mentioned above and
other issues such as noncompliance. In contrast
to the studies on cancer incidence, both RCTs and
many, though not all observational, studies sug-
gest that vitamin D may play a role in cancer
mortality or survival. Approximately 15% reduc-
tion in total cancer mortality was observed in
those who were randomized to receive vitamin
D supplement over placebo, and the VITAL study
suggested that this effect size could increase over
duration of vitamin D use (rev. in [12]). Most of
the follow-up time in the studies was less than
5 years. In VITAL, after excluding the first
2 years, the risk reduction was 25%. Benefits
were seen even at fairly high doses of 2000 IU/
day and when levels of >100 nmol/L were
attained (rev. in [12]). While the reason for the
divergent findings for the incidence and mortality
of total cancer is not apparent, plausible
mechanisms exist for vitamin D operating at the
multiple stages of carcinogenesis (rev. in [12]).
The authors explain that vitamin D may decrease
tumor invasiveness and propensity to metastasize,
which may occur at the later stages of carcinogen-
esis. In the RCTs, which showed benefits on
mortality, vitamin D administration generally
started before cancer diagnosis, likely during the
later stages of carcinogenesis and continued dur-
ing and after the diagnosis. Thus, the potential
benefit for vitamin D status on cancer mortality
could operate during all stages of carcinogenesis
and tumor progression, from prediagnostic stages
until late-stage tumor progression (e.g., invasion)
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and metastatic seeding, during the treatment
phase possibly by complementing or enhancing
effects of therapies (rev. in [12]). Kim and
Giovannucci explain that it is unclear if similar
benefits could be attained by beginning vitamin D
treatment at the time of diagnosis because some
of the effects of vitamin D could be during the
metastatic seeding phase during the prediagnostic
period. Almost ten million cancer deaths were
estimated to have occurred in 2018 worldwide
(rev. in [12]). With the increasing population
size and ageing, cancer incidence and mortality
is likely to increase over time. The authors con-
clude that results from their meta-analysis support
that achieving circulating levels of 25(OH)D,
around 54—135 nmol/L, may contribute to reduc-
ing cancer mortality. Although the optimal 25
(OH)D level for prevention is not established, it
is likely to be higher than 50 nmol/L, and cur-
rently, a substantial portion of the world’s popu-
lation is even below this threshold. The Endocrine
Society recommends at least 1,500-2000 IU/day
intake of vitamin D to maintain the level of 25
(OH)D above 75 nmol/L (rev. in [12]). The
authors conclude that further studies are needed
to confirm these findings, establish the optimal
dose and timing of vitamin D intake for preven-
tion, find which cancer types are affected, and
determine the underlying mechanisms of action
(rev. in [12]).

In the Chap. 4 entitled “Vitamin D Receptors
Polymorphisms and Cancer,” Patrizia
Gnagnarella, Sara Gandini, and coworkers point
out that increasing scientific evidence supports
the link between vitamin D and cancer risk
[9]. The active metabolite 1,25(OH)2D exerts its
activity by binding to the vitamin D receptor
(VDR), an intracellular receptor that mediates
transcriptional activation and repression of target
genes. The binding of 1,25(OH)2D to VDR is
able to regulate hundreds of different genes.
VDR is active in virtually all tissues, including:
colon, breast, lung, ovary, bone, kidney, parathy-
roid gland, pancreatic b-cells, monocytes, T
lymphocytes, melanocytes keratinocyte, and also
in cancer cells. The relevance of VDR gene
restriction fragment length polymorphisms for
various types of cancer has been investigated by
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a great number of studies. Patrizia Gnagnarella,
Sara Gandini and coworkers have carried out a
systematic review of the literature to analyze the
relevance of more VDR polymorphisms (Fokl,
Bsml, Taql, Apal, and Cdx2) for individual
malignancies considering ethnicity as a key factor
for heterogeneity [9]. Until December 2018, they
identified 177 independent studies with data to
calculate risk estimate for breast, prostate, colo-
rectal, skin (melanoma and nonmelanoma skin
cancer), lung, ovarian, kidney, bladder, gallblad-
der, esophageal, thyroid, head and neck, liver,
and oral squamous cell carcinoma; non-Hodgkin
lymphoma; multiple myeloma; sarcoma [9]. Sig-
nificant associations with VDR polymorphisms
have been reported for prostate (Fokl, Bsmli,
Taql, Apal, Cdx2), breast (Fokl, Bsml, Apal,
CdX?2), colorectal (Fokl, Bsml, Taql, Apal), and
skin cancer (Fokl, Bsml, Taql). Very few studies
reported risk estimates for the other cancer sites.
Conflicting data have been reported for most
malignancies, and at present, it is still not possible
to make any definitive statements about the
importance of the VDR genotype for cancer risk.
It seems probable that other factors such as eth-
nicity, phenotype, 25(OH)D plasma levels, and
UV radiation exposure play a role as confounding
factors and introduce heterogeneity. The authors
conclude, there is some indication that VDR
polymorphisms may modulate the risk of some
cancer sites, and in future studies VDR genetic
variation should be integrated also with the
assessment of vitamin D status and stratified by
ethnicity [9].

In Chap. 5 entitled “On the Relationship
Between Sun Exposure and All-Cause Mortal-
ity,” Pelle G Lindqvist makes a short update on
the knowledge regarding sun exposure and
all-cause mortality [14]. He points out that data
support the hypothesis that low sun exposure
habits are a major risk factor for all-cause mortal-
ity [14]. Low sun exposure is related to an
increased risk of death due to cardiovascular dis-
ease (CVD) and noncancer/non-CVD and a minor
reduction in risk of cancer [14]. Active sun expo-
sure habits have a dual effect; it increases the
incidence of skin cancer but also improve the
prognosis in terms of all-cause mortality. The

author concludes that in a low solar intensity
region, both risk and benefits of sun exposure
should be carefully assessed in order to obtain
balanced recommendations. In 2011, a 30%
lower rate of all-cause mortality was reported
among those who took a sunbathing vacation at
least once a year over the course of three decades
(rev. in [14]). A 15-year prospective follow-up of
the Melanoma in Southern Sweden (MISS)
cohort of women demonstrated a significant
dose-dependent decrease in all-cause mortality
with increasing sun exposure habits and the mor-
tality rate was doubled (2.0, 95% CI 1.6 — 2.5)
among those avoiding sun exposure compared to
the highest sun exposure group (rev. in [14]). The
population attributable risk (PAR) for mortality
for the group avoiding sun exposure was
estimated to be 3%. In a 20-year follow-up of
the same cohort, analyzed in a competing risk
scenario, it was shown that the shorter life expec-
tancy of women who avoided sun exposure was
mainly due to a dose-dependent significantly
increased risk of cardiovascular disease (CVD)
and noncancer/non-CVD deaths, compared to
the moderate and high sun exposure groups (rev.
in [14]). While the risk of dying in the CVD and
noncancer/non-CVD  groups decreased with
increasing sun exposure, the relative contribution
of death due to cancer increased as a result of
extended life expectancy (rev. in [14]). Thus, the
overall prevalence of death due to cancer
increased, but not the age-adjusted risk. In an
analysis stratified for smoking, there was a similar
risk of death among nonsmokers avoiding sun
exposure as for smokers in the highest sun expo-
sure groups. Pelle G Lindqvist interpreted this as
that sun exposure avoidance is a risk factor for
all-cause death of the same magnitude as smok-
ing. He concludes that the increased mortality rate
among those who avoid sun exposure is mainly
due to an increased risk of death from CVD and
noncancer/non-CVD. He hopes our findings add
to a more balanced and adequate view regarding
the effects of sun exposure on our health.

The following section of this book focusses on
the role of solar radiation as a major environmen-
tal risk factor for the photocarcinogenesis of skin
cancer. In Chap. 6 entitled “Epidemiology of Skin



Cancer and UV Radiation — Update 2019,” Ulrike
Leiter, Ulrike Keim, and Claus Garbe explain that
melanoma and keratinocyte skin cancer (KSC)
are the most common types of cancer in white-
skinned populations [13]. Both tumor entities
showed increasing incidence rates worldwide,
but stable or decreasing mortality rates. Rising
incidence rates of cutaneous melanoma (CM)
and KSC are largely attributed to increasing expo-
sure to ultraviolet (UV) radiation, the main causal
risk factor for skin cancer. Incidence rates of
KSC, comprising of basal cell carcinoma (BCC)
and squamous cell carcinoma (SCC), are much
higher than that of melanoma. BCC development
is mainly the cause of an intensive UV exposure
in childhood and adolescence, while SCC devel-
opment is related to chronic, cumulative UV
exposure over decades. Although mortality is rel-
atively low, KSC is an increasing problem for
health care services, causing significant morbid-
ity. Cutaneous melanoma is rapidly increasing in
white populations, with an estimated annual
increase of around 3-7% over the past decades.
The authors further explain that in contrast to
SCC, melanoma risk is associated with intermit-
tent and chronic exposure to sunlight [13]. The
frequency of its occurrence is closely associated
with the constitutive color of the skin and the
geographical zone. Changes in outdoor activities
and exposure to sunlight during the past 70 years
are an important factor for the increasing inci-
dence of melanoma. Mortality rates of melanoma
show stabilization in the United States, Australia,
and in European countries. In the United States,
even dropping numbers of death cases were
recently reported, probably reflecting efficacy of
the new systemic treatments. Among the younger
cohorts in some populations (e.g., Australia and
New Zealand,), stabilizing or declining incidence
rates of CM are observed, potentially caused by
primary prevention campaigns aimed at reducing
UV exposure [13]. The authors further explain
that in contrast, incidence rates of CM are still
rising in most European countries and in the
United States and that ongoing trends toward
thinner melanoma are largely ascribed to earlier
detection [13].
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In the next paper entitled “Solar UV Exposure
and Mortality from Skin Tumors: An Update,”
Marianne Berwick and Amy Garcia explain that
solar UV exposure is critical and complex in the
etiology and prognosis of skin cancer, particularly
cutaneous malignant melanoma [2]. Sun exposure
and one of its “derivatives,” vitamin D, have
been implicated in protection against mortality
from melanoma. The authors conclude that
the relationships are inconsistent and that, at
this time, it is not possible to make clear
recommendations for or against sun exposure in
relationship to melanoma prognosis [2]. However,
this relationship deserves continued exploration.

In Chap. 8 [5] entitled ”Solarium Use and Risk
for Malignant Melanoma: Many Open Questions,
Not the Time to Close the Debate,” Barbara
Burgard and Jorg Reichrath shed further light on
the ongoing debate whether sunbed use may
increase melanoma risk, critically assessing the
scientific literature that is at present available,
focusing on a meta-analysis that these authors
have published previously. Their literature search
identified several meta-analyses that report a
weak association for ever-exposure to UV radia-
tion from a solarium with melanoma risk. How-
ever the quality of studies included in these meta-
analyses, the resulting evidence levels and grades
of recommendation were very low due to the lack
of interventional trials and because of severe
limitations of many of the observational studies.
The results of cohort and case—control studies
published until today do not prove causality, not
even by the Hill criteria. The overall quality of
these observational studies and the resulting evi-
dence levels are low due to severe limitations
(including unobserved or unrecorded
confounding), which leads to bias. It must be
recognized that, in the majority of studies,
published to date, many of the confounding
factors, including sun exposure, sunburns, and
skin type, have not been adequately and system-
atically recorded and adjusted for. We conclude
that the many limitations of the individual studies
and the resulting low levels of evidence and
grades of recommendation do at present not
allow postulation of a causal relationship between
solarium use and melanoma risk. At present, there
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is no convincing evidence that moderate/respon-
sible solarium use increases melanoma risk.

The next section of this book covers various
aspects of the molecular biology and photocarci-
nogenesis of skin cancer. In the next contribution
entitled “Molecular Biology of Basal and Squa-
mous Cell Carcinomas,” Lars Boeckmann,
Christine Martens, and Steffen Emmert explain
that the prevalent keratinocyte-derived neoplasms
of the skin are basal cell carcinoma and squamous
cell carcinoma [4]. The authors point out that both
so-called nonmelanoma skin cancers comprise
the most common cancers in humans by far and
that common risk factors for both tumor entities
include sun exposure, DNA repair deficiencies
leading to chromosomal instability, or immuno-
suppression [4]. Yet, the fundamental differences
in the development of the two different entities
have been and are currently unveiled. The consti-
tutive activation of the sonic hedgehog signaling
pathway by acquired mutations in the PTCH and
SMO genes appears to represent the early basal
cell carcinoma developmental determinant.
Although other signaling pathways are also
affected, small hedgehog inhibitory molecules
evolve as the most promising basal cell carcinoma
treatment options systemically as well as topically
in current clinical trials. For squamous cell carci-
noma development mutations in the p53 gene,
especially UV-induced mutations have been
identified as early events. Yet, other signaling
pathways including epidermal growth factor
receptor, RAS, Fyn, or p16INK4a signaling may
play significant roles in squamous cell carcinoma
development. The authors conclude that
improved understanding of the molecular events
leading to different tumor entities by the
de-differentiation of the same cell type have
begun to pave the way for modulating new
molecular targets therapeutically with small
molecules [4].

In Chap. 10 entitled “Human Papillomaviruses
and Skin Cancer,” Sigrun Smola explains that
human papillomaviruses (HPVs) infect squamous
epithelia and can induce hyperproliferative lesions
[21]. More than 220 different HPV types have been
characterized and classified into five different
genera. While mucosal high-risk HPVs have a

well-established causal role in anogenital carcino-
genesis, the biology of cutaneous HPVs is less
understood. From patients with
epidermodysplasia verruciformis (EV), a rare
genetic disorder, and animal models, evidence
accumulated suggests that cutaneous PVs of
genus P synergize with ultraviolet (UV) radiation
in the development of cutaneous squamous cell
carcinoma (cSCC). In 2009, the International
Agency for Research on Cancer (IARC) classified
the genus B-HPV types 5 and 8 as “possible carci-
nogenic” biological agents (group 2B) in EV. As
Sigrun Smola further explains, epidemiological
and biological studies indicate that genus B-PV
infection may also play a role in UV-mediated
skin carcinogenesis in non-EV patients [21]. How-
ever, they rather act at the early stages of carcino-
genesis and become dispensable for the
maintenance of the malignant phenotype, compati-
ble with a “hit and run” mechanism. In summary,
Sigrun Smola gives in this chapter an excellent
overview on genus B-PV infections and discusses
the similarities and differences between cutaneous
and genus o mucosal high-risk HPV in epithelial
carcinogenesis.

In Chap. 11 entitled “The Immune System and
Pathogenesis of Melanoma and Nonmelanoma
Skin Cancer,” Kory P Schrom, InYoung Kim,
and Elma D. Baron explain that tumor develop-
ment is the result of genetic derangement and the
inability to prevent unfettered proliferation
[19]. The authors further point out that genetic
derangements leading to tumorigenesis are vari-
able, but the immune system plays a critical role
in tumor development, prevention, and produc-
tion. In this chapter, Kory P Schrom, InYoung
Kim, and Elma D. Baron discuss the importance
of the immune system as it relates to the develop-
ment of skin cancer—both melanoma and
non-melanoma skin cancers (NMSC). As the
authors explain, the human immune system
functions not only to protect us from pathogens
but also to prevent tumor development and eradi-
cate malignant cells. A complex interplay
between the immune system, tumor cells, and
molecular mediators dictates whether or not the
immune system will be successful at this task.
Kory P Schrom, InYoung Kim, and Elma



10

D. Baron explain that at this time, research has
not uncovered a single sentinel event that leads to
tumor evasion of the immune system and its
subsequent proliferation, spread, and ultimately
death of the host. Our current understanding of
immunosuppression by UVR and cancer devel-
opment in organ transplant recipients (OTRs) has
allowed us to harness the immune system via
employing immunotherapies to treat skin
malignancies. The authors conclude that
continued scientific research to expand our under-
standing of the immune system, its role in carci-
nogenesis and skin-cancer-related mutations, will
continue to impact their approach and improve
management of patients afflicted by cutaneous
malignancies.

The following four chapters focus on the rele-
vance of the vitamin D endocrine system for
pathogenesis and progression of skin cancer. In
Chap. 12 entitled “Protection from Ultraviolet
Damage and Photocarcinogenesis by Vitamin D
Compounds,” Warusavithana  Gunawardena
Manori De Silva, Rebecca S. Mason, and
coworkers explain that exposure of skin cells to
UV radiation results in DNA damage, which if
inadequately repaired, may cause mutations
[6]. UV-induced DNA damage and reactive oxy-
gen and nitrogen species also cause local and
systemic suppression of the adaptive immune
system. Together these changes underpin the
development of skin tumors. The hormone
derived from vitamin D, calcitriol (1,25-
dihydroxyvitamin Dj), and other related
compounds, working via the vitamin D receptor
and at least in part through endoplasmic reticulum
protein 57 (ERp57), reduce cyclobutane pyrimi-
dine dimers and oxidative DNA damage in
keratinocytes and other skin cell types after
UV. Calcitriol and related compounds enhance
DNA repair in keratinocytes, in part through
decreased reactive oxygen species, increased
p53 expression and/or activation, increased repair
proteins, and in part through increased energy
availability in the cell when calcitriol is present
after UV exposure. There is mitochondrial dam-
age in keratinocytes after UV. In the presence of
calcitriol, but not vehicle, glycolysis is increased
after UV, along with increased energy conserving
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autophagy and changes consistent with enhanced
mitophagy. Reduced DNA damage and reduced
ROS/RNS should help reduce UV-induced
immune suppression. Reduced UV-immune sup-
pression is observed after topical treatment with
calcitriol and related compounds in hairless mice.
The authors conclude that these protective effects
of calcitriol and related compounds presumably
contribute to the observed reduction in skin tumor
formation in mice after chronic exposure to UV,
followed by topical postirradiation treatment with
calcitriol and some, though not all, related
compounds.

In Chap. 13 entitled “The Role of Classical
and Novel Forms of Vitamin D in the Pathogene-
sis and Progression of Nonmelanoma Skin
Cancers,” Andrzej T. Slominski and coworkers
explain that nonmelanoma skin cancers, includ-
ing basal and squamous cell carcinomas (SCC
and BCC), represent a significant clinical problem
due to their relatively high incidence, imposing an
economic burden to healthcare systems around
the world [20]. It is accepted that ultraviolet radi-
ation (UVR: A = 290 — 400 nm) plays a crucial
role in the initiation and promotion of BCC and
SCC, with UVB (A = 290 — 320 nm) having a
central role in this process. On the other hand,
UVB is required for vitamin D3 (D3) production
in the skin, which supplies >90% of the body’s
requirement for this prohormone. Prolonged
exposure to UVB can also generate tachysterol
and lumisterol. Vitamin D3 and its canonical
(1,25(0OH)2D3) and noncanonical (CYP11Al-
intitated) D3-hydroxyderivatives show
photoprotective functions in the skin. These
include regulation of keratinocytes proliferation
and differentiation, induction of anti-oxidative
responses, inhibition of DNA damage and induc-
tion of DNA repair mechanisms, and anti-
inflammatory activities. The authors further
explain that studies in animals have demonstrated
that D3-hydroxyderivatives can attenuate UVB or
chemically induced epidermal cancerogenesis
and inhibit growth of SCC and BCC. Genomic
and nongenomic mechanisms of action have been
suggested. In addition, vitamin D3 itself inhibits
hedgehog signaling pathways, which have been
implicated in many cancers. Silencing of the
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vitamin D receptor leads to increased propensity
to develop UVB or chemically induced epidermal
cancers. Other targets for vitamin D compounds
include 1,25D3-MARRS, retinoic orphan
receptors a and y, arylhydrocarbon receptor, and
Wnt signaling. Most recently, photoprotective
effects of lumisterol hydroxyderivatives have
been identified. Clinical trials demonstrated a
beneficial role of vitamin D compounds in the
treatment of actinic keratosis. The authors con-
clude that, in summary, recent advances in vita-
min D biology and pharmacology open new
exciting opportunities in chemoprevention and
treatment of skin cancers [20].

In Chap. 14 entitled “The Vitamin D Receptor
as Tumor Suppressor in Skin,” Daniel D. Bikle
explains that cutaneous malignancies, including
melanomas and keratinocyte carcinomas (KC),
are the most common types of cancer, occurring
at a rate of over 1 million per year in the United
States [3]. KCs, which include both basal cell
carcinomas and squamous cell carcinomas, are
substantially more common than melanomas and
form the subject of this chapter. Ultraviolet radia-
tion (UVR), both UVB and UVA, as occurs with
sunlight exposure, is generally regarded as causal
for these malignancies, but UVB is also required
for vitamin D synthesis in the skin. Keratinocytes
are the major cell in the epidermis. Daniel Bikle
further explains that these cells not only produce
vitamin D but contain the enzymatic machinery to
metabolize vitamin D to its active metabolite,
1,25(0OH),D, and express the receptor for this
metabolite, the vitamin D receptor (VDR). This
allows the cell to respond to the 1,25(OH),D that
it produces. Based on data reported in the litera-
ture, Daniel D. Bikle concludes that vitamin D
signaling in the skin suppresses UVR-induced
epidermal tumor formation. In this chapter, Dan-
iel D. Bikle focusses on four mechanisms by
which vitamin D signaling suppresses tumor for-
mation. They are inhibition of proliferation/stim-
ulation of differentiation with discussion of the
roles of hedgehog, wnt/b-catenin, and
hyaluronan/CD44 pathways in mediating vitamin
D regulation of proliferation/differentiation, reg-
ulation of the balance between oncogenic and
tumor suppressor long noncoding RNAs, immune

regulation, and promotion of DNA damage repair
(DDR).

In Chap. 15 entitled “Cancer Prevention in
Skin and Other Tissues via Cross-Talk Between
Vitamin D- and p53-SIGNALING,” Jorg
Reichrath and coworkers explain that vitamin D-
and p53-signaling pathways have a significant
impact on spontaneous or carcinogen-induced
malignant transformation of cells [17]. The vita-
min D receptor (VDR) and the p53/p63/p73
proteins (the p53 family hereafter) all function
typically as receptors/sensors-that-turn-into-tran-
scriptional-regulators-upon-stimulus, with the
main difference being that the nuclear VDR is
transcriptionally activated after binding its natu-
rally occurring ligand 1,25-dihydroxyvitamin D
with high affinity while the p53 clan, mostly in
the nucleoplasm, responds to a large and still
growing number of alterations in cell homeosta-
sis, commonly referred to as stress. These authors
point out that an increasing body of evidence now
convincingly demonstrates a cross-talk between
vitamin D- and p53 signaling that occurs at dif-
ferent levels, has genome-wide implications, and
should be of high importance for many
malignancies, including nonmelanoma skin can-
cer. One interaction involves the ability of p53 to
regulate skin pigmentation. It has been shown that
pS53 upregulates skin pigmentation via POMC
derivatives, including alpha-MSH and ACTH.
Increased pigmentation protects the skin against
UV-induced DNA damage and skin carcinogene-
sis but, on the other hand, reduces cutaneous
synthesis of vitamin D. A second level of interac-
tion may be through the ability of 1,25-
dihydroxyvitamin D to increase the survival of
skin cells after UV irradiation. UV irradiation-
surviving cells show significant reductions in thy-
mine dimers in the presence of 1,25-
dihydroxyvitamin D that are associated with
increased nuclear pS3 protein expression and sig-
nificantly reduced NO products. A third level of
interaction is documented by the ability of vita-
min D compounds to regulate the expression of
the murine double minute (MDM2) gene in
dependence of the presence of wild-type p53.
MDM2 has a well-established role as a key nega-
tive regulator of p53 activity. Finally, p53 and its
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family members have been implicated in the
direct regulation of the VDR. In their overview,
Reichrath et al. summarize some of the
implications of the cross-talk between vitamin
D- and p53- signalling for carcinogenesis in the
skin and other tissues, focusing on a genome-
wide perspective [17].

In Chap. 16 entitled “Sunlight, Vitamin D and
Xeroderma Pigmentosum,” Marie Christine
Martens, Steffen Emmert, and Lars Boeckmann
explain that sunlight, in particular UV-B radia-
tion, is an important factor for endogenous vita-
min D production as 80-90% of the required
vitamin D needs to be photosynthesized in the
skin [15]. The active form of vitamin D, vitamin
D; or calcitriol, binds to the ligand-activated tran-
scription factor vitamin D receptor (VDR) for
genomic and nongenomic effects. Recently,
calcitriol and analogs have been shown to have
anti-proliferative effects in the mouse and human
BCC and SCC cell lines in vitro. As UV radiation
plays a critical role in the photosynthesis of
vitamin D, stringent sun protection, as
recommended for Xxeroderma pigmentosum
(XP) patients, may impact their vitamin D levels.
XP is a rare autosomal-recessive disorder with a
worldwide prevalence of 1 in 1,000,000. XP can
be divided into seven different complementation
groups: XP-A to XP-G. The complementation
groups correspond with the underlying gene
defect. Defects in these genes lead to a defective
nucleotide excision repair (NER), which is neces-
sary to remove UV-induced DNA damage such as
the UV photoproducts cyclobutane pyrimidine
dimers (CPD) and 6-pyrimidine-4-pyrimidone
dimers (6-4 PP). Additionally, a variant form
with a mutation in the translational polymerase
n gene (PolH), also called XP variant (XPV),
exists. Patients with XPV show a defect in
translesional synthesis. Due to their inability to
repair UV-induced lesions, XP patients exhibit an
increased risk for UV-induced nonmelanoma skin
cancer (NMSC), such as basal cell carcinoma
(BCC) and squamous cell carcinoma (SCC) as
well as melanoma. The authors conclude that
although no curative therapy for XP exists
today, numerous options for the treatment and
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prophylaxis of skin cancer have become
available.

In Chap. 17 entitled “Update: Solar
UV-Radiation, Vitamin D and Skin Cancer Sur-
veillance in Organ Transplant Recipients
(OTRs),” Roman Saternus, Thomas Vogt, and
Jorg Reichrath explain that although great prog-
ress has been achieved during the last decades,
the clinical management of organ transplant
recipients (OTRs) remains a challenge
[18]. OTRs need in general lifelong immunosup-
pressive therapy, which is associated with an
increased risk to develop skin cancer, and with
an unfavorable clinical outcome of these
malignancies. Skin cancer prevention measures,
including regular full-body examinations, are
therefore necessary in OTRs to detect and treat
suspicious lesions at an early stage. The fre-
quency of aftercare depends on the individual
risk factors of the patient. Patients should apply
consistent sun protection with sunscreens and
clothing, as well as a monthly self-examination.
On the other hand, the need of UVR avoidance
increases the risk of vitamin D deficiency, which
itself is associated with an increased risk for many
diseases, including malignancies. OTRs should
therefore be monitored for 25(OH)D status
and/or should take vitamin D supplements. The
authors conclude that it has to be emphasized that
an interdisciplinary approach, coordinated by the
transplant center, which includes regular skin
examinations by a dermatologist, is needed to
ensure the best care for the OTRs.

The next section focusses on the risks and
benefits of sunscreens. In Chap. 18 entitled
“Sunscreens in the United States: Current Status
and Future Outlook,” Katherine S. Glaser* and
Kenneth J. Tomecki explain that incidence rates
of nonmelanoma skin cancer and melanoma have
been on the rise in the United States for the past
25 years [8]. UV radiation (UVR) exposure
remains the most preventable environmental risk
factor for these cancers. Aside from sun avoid-
ance, sunscreens continue to provide the best
alternative protection. UVR directly damages
DNA and causes indirect cellular damage through
the creation of reactive oxygen species, the sum
of which leads to cutaneous immunosuppression
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and a tumorigenic milieu. The current generation
of sunscreens protects from UVR through two
main mechanisms: absorption and deflection. In
the United States, the Food and Drug Association
(FDA) regulates sunscreen products, which are
considered over-the-counter drugs. With the
release of new FDA testing and labeling
requirements in 2011 and the enactment of the
Sunscreen Innovation Act in 2014, sunscreen
manufacturers are now required to evaluate their
products not only on the sun protection factor
(SPF) but also on broad spectrum UVA protec-
tion. The American Academy of Dermatology
Association and the American Academy of Pedi-
atrics have provided specific recommendations
for proper sun protection and sunscreen usage
with the continual goal of increasing public
awareness and compliance with appropriate sun
protective measures. Antioxidants, photolyases,
and plant polyphenols remain an interesting ave-
nue of research as additives to sunscreens or
stand-alone topical or oral products that appear
to modulate the immunosuppressive effects of
UVR on the skin. The authors conclude that addi-
tionally, although UVR induces endogenous
cutaneous production of vitamin D, its damaging
effects overshadow this positive benefit, espe-
cially in light of the ease of achieving
recommended amounts of vitamin D through
diet and supplementation.

In Chap. 19 entitled “A Handful of Sunscreen
for Whole Body Application,” Ida M. Heerfordt,
Peter A. Philipsen, and Hans Christian Wulf
explain that the rule of thumb: “Fill up a handful
of sunscreen and spread it all over your body” has
been used in several sun-safety campaigns
[10]. The intention was to increase the applied
sunscreen to obtain a quantity of 2 mg/cm? to all
accessible skin. The present study is the first to
investigate how this advice works in practice,
evaluated by the quantity of sunscreen applied
and the amount of covered skin. Methods: seven-
teen volunteers wearing swimwear were asked to:
“Fill up a handful and spread it all over your
body”. Before and after sunscreen application,
the volunteers were photographed in black light.

As sunscreen absorbs black light, the darkness of
the skin increases with increasing amounts of
applied sunscreen, making it possible to identify
skin left without coverage. The sunscreen con-
tainer was weighed before and after to quantify
the amount of sunscreen applied. Results: A
median of 21% of the accessible skin was left
completely without coverage. The 79% covered
area was covered with a median of 1.12 mg/cmz,
not the expected 2 mg/cm?. The authors conclude
that in practice, the advice: “Fill up a handful of
sunscreen and spread it all over your body” led to
a better, but still modest, protection, compared to
the intended effect.

In Chap. 20 entitled “Ultraviolet Exposure
Scenarios: Balancing Risks of Erythema and
Cutaneous Vitamin D Synthesis,” Ann R. Webb
and Ola Engelsen explain that exposure to sun-
light is a major source of vitamin D for most
people [23]. Yet public health advice has focused
overwhelmingly on avoiding exposure of unpro-
tected skin because of the risks of erythema and
skin cancer. Given that there are also health risks
associated with low vitamin D status, they
explore the possibilities of achieving a range of
targets associated with vitamin D and the
accompanying erythema risk. They have
calculated the exposure required to gain a number
of proposed oral-equivalent doses of vitamin D,
as functions of latitude, season, skin type, and
skin area exposed, together with the associated
risk of erythema, expressed in minimum ery-
thema doses. The model results show that a
recommended daily intake of 400 IU is readily
achievable through casual sun exposure in the
midday lunch hour, with no risk of erythema,
for all latitudes some of the year, and for all the
year at some (low) latitudes. Ann R. Webb and
Ola Engelsen also show that such daily,
sub-erythemal doses at lunchtime during the sum-
mer months is sufficient to avoid winter-time
vitamin D deficiency for the UK all-weather cli-
mate, provided that lower arms and legs are
exposed in the warmer months. At the higher
proposed vitamin D dose of 1000 IU, lunchtime
sun exposure is still a viable route to the vitamin,
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but requires the commitment to expose greater
areas of skin, and is effective for a shorter period
of the year. The highest vitamin D requirement
considered was 4000 IU per day. For much of the
globe, and much of the year, this is not achievable
in a lunchtime hour, and where it is possible large
areas of skin must be exposed to prevent ery-
thema. When the only variable considered was
skin type, latitudinal and seasonal limits on ade-
quate vitamin D production were more restrictive
for skin type 5 than skin type 2.

In Chap. 21, the last contribution entitled “The
Paleolithic Nutrition Model in Relation to Ultra-
violet Light and Vitamin D,” Reinhold Vieth
explains that recent years have seen multiple
debates as to what dietary policy should target
in terms of circulating levels  of
25-hydroxyvitamin D (25(OH)D [22]. He
explains that dietary guidelines follow risk-
benefit profiles. Reinhold Vieth further points
out that the starting point for nutrition policy
makers is intakes and levels of nutrient that are
typical of people who are regarded as generally
healthy. In essence, the perspective is to assume
that status that is endemic is the starting point, and
that any nutrition or policy requires evidence to
motivate any change from that starting point. The
purpose of Reinhold Vieth’s excellent article is to
present a more biologically based perspective. As
he points out, Paleolithic nutrition has focused on
foods consumed, but the Paleolithic model
extends beyond diet to incorporate environment,
which is equally relevant to health policies in the
context of sunlight exposure and vitamin D nutri-
tion. Biologically based thinking starts from the
basic premise, that disease risk may have an evo-
lutionary underpinning and that modern human
cultures and environments are probably not sub-
stitute for what is natural or optimal. Reinhold
Vieth further points out that natural selection is a
process that optimizes the matching of the
genome for fitness to reproduce. But the environ-
mental stresses due to latitude, clothing, and sun
avoidance relate to many aspects of human
health, disease and mortality. The traditional per-
spective of policy makers has been to adhere to
extant norms, unless the evidence is overwhelm-
ing, that more sun or more vitamin D intake

J. Reichrath

produces a benefit. The alternative perspective
merits attention, namely, one should consider
that what is optimal for human health should
start from the original environment and culture
of the first humans. Reinhold Vieth concludes
that the sun exposure experienced by the original
humans should be regarded optimal and that it is
reasonable to reverse the traditional approach of
policy groups to ask at what point human health
suffers from diminishing exposure to sunshine
and vitamin D. He further asks why there are no
double-blind placebo-controlled trials of such
environmental deprivation. There is no level
1 medical evidence supporting any degree of
deprivation.
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UV-Induced Cutaneous Synthesis of Vitamin D
and the Physiologic Consequences (I)
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Abstract

Vitamin D is the sunshine vitamin for good
reason. During exposure to sunlight, the ultra-
violet B photons enter the skin and photolyze
7-dehydrocholesterol to previtamin D5 which
in turn is isomerized by the body’s temperature
to vitamin D3. Most humans have depended on
sun for their vitamin D requirement. Skin pig-
ment, sunscreen use, aging, time of day, sea-
son, and latitude dramatically affect
previtamin D5 synthesis. Vitamin D deficiency
was thought to have been conquered, but it is
now recognized that more than 50% of the
world’s population is at risk for vitamin D
deficiency. This deficiency is in part due to
the inadequate fortification of foods with vita-
min D and the misconception that a healthy
diet contains an adequate amount of vitamin
D. Vitamin D deficiency causes growth retar-
dation and rickets in children and will precipi-
tate and exacerbate osteopenia, osteoporosis
and increase risk of fracture in adults. The
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vitamin D deficiency pandemic has other seri-
ous consequences including increased risk of
common cancers, autoimmune diseases, infec-
tious diseases, and cardiovascular disease.
There needs to be a renewed appreciation of
the beneficial effect of moderate sensible sun-
light for providing all humans with their vita-
min D requirement for health.

Keywords

Vitamin D - Previtamin D - 25-hydroxyvitamin
D - Photobiology - Sunlight - Skin cancer -
Vitamin D deficiency - Vitamin D sufficiency -
Melanoma - Ultraviolet radiation

Prehistorical Historic Perspective

The major source of vitamin D for most land
vertebrates, including humans, comes from expo-
sure to sunlight. From a prehistoric perspective,
some of the earliest unicellular organisms that
evolved in the oceans including phytoplankton
produced vitamin D when exposed to sunlight
[1, 2]. Vertebrates that evolved in the ocean
took advantage of their high calcium environment
and wused it effectively for developing a
mineralized endoskeleton. When vertebrates ven-
tured onto land, they needed to adapt to the cal-
cium poor environment by increasing their
efficiency for intestinal absorption of dietary
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calcium. They took with them the ability to pho-
tosynthesize vitamin D3 in their skin which
became essential for enhancing intestinal calcium
absorption and maintaining serum calcium levels
in most land vertebrates including homosapiens
[1,2].

In the mid-1600s, Whistler and Glissen
reported that children living in industrialized cit-
ies in Great Britain had short statute and
deformities of their skeleton especially their
lower legs [3]. This scourge of the industrializa-
tion of Europe and North America persisted for
more than 250 years. Even though Sniadecki [4]
suggested in 1822 that the most likely reason for
why his young patients who lived in Warsaw had
a high incidence of rickets while the children
whom he cared for living in the countryside did
not was due to lack of sun exposure. It would take
100 years to appreciate this insightful observa-
tion. Palm in 1889 [5] also recognized that
“sunbathing” was important for preventing rick-
ets based on reports from his colleagues who saw
children living in the most squalid conditions in
India and Asia who were not afflicted with rickets
whereas it was epidemic in the industrialized
cities in Great Britain. By the turn of the twentieth
century, upwards of 90% of children living in
Leyden, The Netherlands, and in Boston and
New York City were afflicted with this bone
deforming disease and suffered its long-term
consequences. In 1903, Finsen received the
Nobel Prize for his insightful observations that
exposure to sunlight cured a variety of diseases
including lupus vulgaris (skin infected with tuber-
culosis) [6]. Finally, in 1919, Huldschinski [7]
reported that exposure of children to radiation
with a mercury arc lamp was an effective means
of treating rickets. This quickly followed by the
observation of Hess and Unger [8] that exposure
of children to sunlight on the roof of a New York
City Hospital was an effective means of treating
rickets.

The recognition that exposure of both people
and animals to ultraviolet radiation was effective
in preventing and treating rickets prompted Hess
and Weinstock [9] and Steenbock and Black [10]
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to irradiate with ultraviolet radiation a wide vari-
ety of substances including lettuce, grasses and
corn, olive and cotton seed oils. Before the irradi-
ation, none of the substances had antirachitic
activity, but after the irradiation, they were effec-
tive in preventing rickets in rodents. It was also
known at that time that cod liver oil was an
effective method for preventing and treating rick-
ets, and it was Park [11] who demonstrated that
rachitic rats could be cured of their bone disease
by either cod liver oil or by ultraviolet irradiation
suggesting that the two were related. Steenbock
[12] appreciated the practical benefit of these
observations when he reported that the irradiation
of cow’s milk imparted antirachitic activity, and,
thus, would be an ideal way of preventing rickets
in children.

By the early 1930s, it was appreciated
throughout Europe and in the northeastern United
States that exposing children to sensible and ade-
quate sunlight without causing sunburn was an
effective method of preventing rickets in children.
The United States set up an agency in the US
Government that promoted sensible sun exposure
to parents as a means of preventing their children
from developing rickets [3, 13].

Photoproduction of Vitamin D;

When the skin is exposed to sunlight, the ultravi-
olet B radiation (UVB) that is able to penetrate
through the ozone layer with energies
290-315 nm (Fig. 2.1) is absorbed by
7-dehydrocholesterol in the epidermis and dermis
[2, 14, 15]. This absorption causes the double
bonds to be excited causing the B-ring to open
making the rigid steroid structure into a more
flexible molecule known as previtamin Ds;
(Fig. 2.2). Previtamin D5 exists into
conformations. It is the thermodynamically less
favorable cis, cis form that converts to vitamin
Dj;. Thus, when previtamin D; was made in an
isotropic organic solution such as hexane or etha-
nol, it would take several days for it to convert to
vitamin D5 at 37 ° C. To enhance the thermal-
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Fig. 2.1 Action spectrum 12

of 7-dehydrocholesterol to
previtamin D3 conversion
in human skin. (Holick
copyright 2007 with
permission)
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induced isomerization of previtamin D5 to vita-
min Dj, 7-dehydrocholesterol is incorporated
within the fatty acid hydrocarbon side chain and
polar head group of the triglycerides in the plasma
membrane. When exposed to sunlight,
7-dehydrocholesterol is efficiently converted to
the cis, cis conformer which rapidly isomerizes
to vitamin D3 (Fig. 2.2). Vitamin Dj is ejected out
of the plasma membrane into the extracellular
space where it enters the dermal capillary bed
bound to the vitamin D binding protein [16].

There has been a lot of debate as to whether
dietary vitamin D5 is equivalent to vitamin Dj
made in the skin. Although both have the same
biologic activity once they are metabolized, the
half-life of vitamin D3 produced in the skin is
prolonged in the circulation in part because
100% is bound to the vitamin D binding protein
whereas when vitamin Dj is ingested, only about
60% is bound to the vitamin D binding protein,
and 40% is rapidly cleared in the lipoprotein
bound fraction [17]. Other explanations include
the additional time it takes for previtamin D3 to
isomerize to vitamin D; and the slow gradual
diffusion of the vitamin D3 from the epidermis
into the dermal capillary bed.
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Factors Controlling Cutaneous
Vitamin D Synthesis

Melanin evolved as a sunscreen that absorbed
UVB and ultraviolet A (390-400 nm) radiation
protecting the UV absorbing macromolecules
including DNA, RNA, and proteins from the
damaging effects from excessive exposure to
UVR. However, as people migrated north and
south of the equator, they needed to quickly
mutate their skin pigment gene in order to have
the ability to make enough vitamin D to sustain
their calcium and bone metabolism [18]. This is
supported by the observation that Neanderthals
had a mutation of their melanocyte-stimulating
hormone receptor resulting in them being
red-headed and having Celtic-like fair skin
which would have facilitated the production of
vitamin D3 when they migrated into Europe [19].

Melanin is so efficient in absorbing UVB radi-
ation that it markedly reduces the cutaneous pho-
tosynthesis of vitamin D;. The dark melanin
pigment of Africans and African Americans
with skin types 5 and 6 (never burns, always
tans) is so efficient in absorbing UVB radiation
that it reduces the capacity of the skin to produce
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Fig. 2.2 Photolysis of provitamin D; (pro-Ds.
7-dehydrocholesterol) into previtamin Dj (pre-D3) and its
thermal isomerization to vitamin D3 in hexane and in
lizard skin. In hexane is pro-Dj3 photolyzed to s-cis,s-cis-
pre-Ds3. Once formed, this energetically unstable confor-
mation undergoes a conformational change to the s-trans,
s-cis-pre-Ds. Only the s-cis, s-cis-pre-D3 can undergo ther-
mal isomerization to vitamin D3. The s-cis,s-cis conformer
of pre-D3 is stabilized in the phospholipid bilayer by

previtamin D3 by 95-99% when compared to a
Caucasian with skin type 2 (always burns, some-
times tans) [20].

The application of a sunscreen with a sun
protection factor of 30 absorbs approximately
97.5% of UVB radiation, and, thus, reduces the
skin’s capacity to produce previtamin D3 by
97.5% [21]. The angle at which the sun’s rays
hit the earth’s surface has a dramatic effect on the
cutaneous production of previtamin D;. As the
angle of the sun becomes more oblique to the
earth’s surface, the UVB photons have to travel
a longer path through ozone which efficiently
absorbs them. Thus, season, latitude, time of day
as well as weather conditions dramatically affect
the cutaneous production of previtamin D3 [22]
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hydrophilic interactions between the 3p-hydroxyl group
and the polar head of the lipids, as well as by the van der
Waals interactions between the steroid ring and side-chain
structure and the hydrophobic tail of the lipids. These
interactions significantly decrease the conversion of the
s-cis,s-cis conformer to the s-trans,s-cis conformer,
thereby facilitating the thermal isomerization of s-cis,s-
cis-pre-D; to vitamin Ds;. (Holick copyright 2013 with
permission)

(Fig. 2.3). Living above and below approximately
35° latitude, children and adults are able to pro-
duce an adequate amount of vitamin Dj in their
skin during the spring, summer, and fall. How-
ever, essentially all of the UVB photons are
absorbed during the winter months, thus, either
completely eliminating or markedly reducing the
capacity of the skin to produce vitamin Ds. This is
the explanation for why there is a seasonal varia-
tion in circulating levels of 25-hydroxyvitamin
D; [25(OH)D] which is considered to be the
major circulating form of vitamin D [23-25]
(Fig. 2.4). Similarly, early in the morning and
late in the afternoon, the sun’s rays are more
oblique, and as a result, most of if not all of the
UVB photons are absorbed by the ozone layer.
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Fig. 2.3 Influence of season, time of day in July, and latitude on the synthesis of previtamin D5 in Boston (42°N) -O-,
Edmonton (52°N) -I-, Bergen (60°) - A-. The hour is the end of the 1 h exposure time in July. (Holick copyright 2007 with

permission)

Thus, even in the summer in the early morning
and late afternoon, little, if any, vitamin Dj; is
produced in the skin (Fig. 2.3).

Sources and Metabolism of Vitamin D

The major source of vitamin D (D represents D,
or D) for most humans is exposure to sunlight.
Very few foods naturally contain vitamin
D. These include oily fish such as salmon, cod
liver oil which contains vitamin D3 and sun-dried
mushrooms  which contains vitamin D,
[25]. Although it was thought that vitamin D3
was 2-3 times more effective in raising blood
levels of 25(OH)D compared to the same dose
of vitamin D,, a recent study found that physio-
logic doses of vitamin D, are equally as effective
as vitamin D3 not only in maintaining circulating
levels of 25(OH)D but also circulating levels of
the active form 1,25-dihydroxyvitamin D [1,25
(OH) ,D] [26]. Some foods are fortified with
vitamin D including milk and some juice products
in the United States and Canada, and some
breads, margarines, and cereals in the United
States, Canada, and Europe. Sweden and Finland
fortify milk with vitamin D3 and India now

permits the fortification of milk and cooking oil
with vitamin D, [26]. Typically there is 100 IU
(10 micrograms) of vitamin D in a serving such as
8 ounces of milk or orange juice [25].

Once vitamin D is made in the skin or ingested
from the diet, it must be metabolized in the liver
to 25(OH)D [24, 25, 28] (Fig. 2.5). The metabo-
lite is biologically inactive, however, it is the
major circulating form of vitamin D that is used
by physicians to determine a patient’s vitamin D
status. 25(OH)D undergoes an obligate hydroxyl-
ation by the 25-hydroxyvitamin D-1-
o-hydroxylase (CYP27BI1; 1-OHase) in the
kidneys to form the biologically active form
1,25(0OH),D. 1,25(0OH),D, a steroid-like hor-
mone, interacts with its nuclear vitamin D recep-
tor (VDR) in target tissues including the small
intestine, osteoblasts in bone, and in the renal
tubular cells in the kidneys. 1,25(OH),D is
responsible for the maintenance of calcium and
phosphate homeostasis and bone health by
increasing the efficiency of intestinal calcium
and phosphate absorption, stimulating osteoblast
function and increase bone calcium resorption. It
also enhances the tubular resorption of calcium in
the kidneys [24, 25, 28] (Fig. 2.5).
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Fig. 2.4 (a) Relationship between hours of sunshine and serum 25(OH)D. B Hours of sunshine; ® 25(OH)D (ng/ml).
(b) Seasonal fluctuation of serum 25(OH)D according to frequency of sun exposure. B Regular sun exposure; 4
Occasional sun exposure; ® Avoiding direct sun exposure. (Holick copyright 2013)

1,25(OH),D is such a potent regulator of cal-
cium metabolism that in order to control its own
actions, it induces its own destruction by enhanc-
ing the expression of the 25-hydroxyvitamin
D-24-hydroxylase (CYP24A1) [24, 25,
28]. CYP24A1 causes oxidation on carbons

24 and 23 leading to the formation of a C23
acid known as calcitroic acid. This water-soluble
inactive metabolite is excreted in the bile
(Fig. 2.5).
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Role of Vitamin D in the Prevention
of Chronic Diseases

Most tissues and cells in the body including brain,
skin, breast, prostate, colon, and activated T and
B lymphocytes possess a VDR [24, 25, 28-31]. It
is now recognized that 1,25(OH),D is one of the
most potent hormones for regulating cell growth
and maturation. It is estimated that more than
2000 genes are either directly or indirectly
influenced by 1,25(0OH),D [30-32].

There have been numerous studies that have
implicated living at higher latitudes and being at
increased risk of vitamin D deficiency with many
serious and chronic and deadly diseases including
cancers of the colon, prostate and breast, autoim-
mune diseases including multiple sclerosis, type I
diabetes and rheumatoid arthritis, infectious
diseases including tuberculosis and influenza
and hypertension and heart disease [24, 25, 28—
50].

What has been perplexing is the fact that expo-
sure to sunlight results in an increase of
circulating levels of 25(OH)D but not 1,25
(OH),D. The reason is that parathyroid hormone,
calcium and phosphorus and fiberblast growth
factor 23 tightly control the production of 1,25
(OH),D in the kidneys [25, 28] (Fig. 2.5). Since
25(OH)D is incapable of altering vitamin D
responsive gene expression at physiologic
concentrations, there needed to be another expla-
nation for the sunlight-vitamin D health
connection.

It has been recognized for more than 30 years
that activated macrophages, placenta, and skin
expressed the 1-OHase [24, 25, 51-59]. In the
late 1990s, there were numerous reports of vari-
ous cell culture systems that expressed the
1-OHase that were capable of converting 25
(OH)D; to 1,25(0OH),Dj; including colon, pros-
tate, breast, and lung cell cultures [53-57]. It was
also observed that normal prostate cells obtained
from prostate biopsies and both normal and colon
cancer cells obtained at the time of surgery
expressed the 1-OHase and had the capacity to
make 1,25(OH),D [54]. These observations have
led to the hypothesis that by raising blood levels

of 25(OH)D, there is enough substrate for many
tissues and cells in the body that express the
1-OHase to produce locally 1,25(OH),D. It is
believed that the local production of 1,25
(OH),D is important for regulating cell growth
and maturation, and, thus, is able to prevent cells
from becoming malignant. 1,25(OH),D;
accomplishes this by either restoring the cell to
its normal proliferative state or by inducing its
death by apoptosis. If the cell becomes malignant,
an additional strategy for 1,25(OH),D is to inhibit
angiogenesis to the malignant cells [58].

1,25(0OH),D locally produced by macrophages
is important for innate immunity in humans. 1,25
(OH),D enhances the production of the bacterio-
cidal protein cathelicidin which was shown to be
ineffective in killing effective agents including
Microbacterium tuberculosis [48]. 1,25(0OH),D
is also an effective immunomodulator which
may be the explanation for why the local produc-
tion of 1,25(OH),D by activated macrophages
that is released locally and paracrine fashion to
modulate lymphocyte activity [25] may be impor-
tant for reducing the risk of developing multiple
sclerosis, rheumatoid arthritis, and Crohn’s dis-
ease (Fig. 2.5) [25, 28]. In addition, 1,25(OH),D
enhances the production of insulin, and, thus,
may play an important role in type II diabetes
[59] and metabolic syndrome [60] and inhibits
the production of renin [61] which is important
for blood pressure regulation.

Vitamin D Deficiency Pandemic

It is estimated that one billion people worldwide
are at risk of vitamin D deficiency [25]. Upwards
of 30-50% of both children and adults in the
United States, Europe, South America, Middle
East, and Far East are at risk [24-28, 62—
77]. The major cause for this pandemic is the
lack of appreciation of the beneficial effect of
sunlight in producing vitamin D [24, 28]. In the
sunniest areas of the world, vitamin D deficiency
is common because of lack of adequate sun expo-
sure [27, 73-75].

It has been previously thought that the ade-
quate intake for vitamin D to satisfy the body’s
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Fig. 2.5 Schematic representation of the synthesis and metabolism of vitamin D for skeletal and non-skeletal
function. During exposure to sunlight, 7-dehydrocholesterol in the skin is converted to previtamin D3. Previtamin D5
immediately converts by a heat-dependent process to vitamin D3. Excessive exposure to sunlight degrades previtamin D5
and vitamin D3 into inactive photoproducts. Vitamin D, and vitamin D3 from dietary sources are incorporated into
chylomicrons, transported by the lymphatic system into the venous circulation. Vitamin D (D represents D, or D3) made
in the skin or ingested in the diet can be stored in and then released from fat cells. Vitamin D in the circulation is bound to
the vitamin D-binding protein(DBP), which transports it to the liver, where vitamin D is converted by the vitamin
D-25-hydroxylase to 25-hydroxyvitamin D [25(OH)D]. This is the major circulating form of vitamin D that is used by
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requirement was 200 IU for all children and
adults up to the age of 50 years, 400 IU for adults
51-70 years, and 600 IU of vitamin D for adults
over the age of 70 [78]. In 2010 the Institute of
Medicine (IOM; National Academy of Medicine)
recommended that infants, children, adults up to
the age of 70, and adults over the age of
70 required 400, 600, 600, and 800 IUs of vitamin
D daily respectively [79]. After a careful review
of the literature the committee for the Endocrine
Society’s Practice Guidelines on Vitamin D
recommended that to treat and prevent vitamin
D  deficiency infants  should receive
400-1000 IUs daily, children 1 year and older

daily. For obese adults the recommendation was
to increase intake by two to threefold because
vitamin D 1is fat soluble and is diluted in the
body fat and less bioavailable [67]. The IOM
defined vitamin D deficiency, insufficiency and
sufficiency with the measurement of serum 25
(OH)D of <12 ng/mL, 12-19 ng/mL, and 20 and
greater ng/mL respectively [79]. The Endocrine
Society recommended that vitamin D deficiency,
insufficiency, and sufficiency for maximum bone
health should relate to blood levels of 25(OH)D
of >20 ng/mL, 21-29 ng/mL, and 30-100 ng/mL
respectively. In addition, The Endocrine Society
considered the UL (upper level causing no harm)

600-1000 IUs daily, and adults 1500-2000 IUs for vitamin D for infants, children, and adults to

<
«

Fig. 2.5 (continued) clinicians to measure vitamin D status (although most reference laboratories report the normal range
to be 20—100 ng/ml, the preferred healthful range is 30—-60 ng/ml). It is biologically inactive and must be converted in the
kidneys by the 25-hydroxyvitamin D-1a-hydroxylase (1-OHase) to its biologically active form 1,25-dihydroxyvitamin D
[1,25(OH),D]. 1,25(0H),Dj; is then taken up by target cells and targeted to intracellular D-binding proteins (IDBP) to
mitochondrial 24-hydroxylase or to the vitamin D receptor (VDR). The 1,25(OH),D3-VDR complex heterodimerizes
with the retinoic acid receptor (RXR) and binds to specific sequences in the promoter regions of the target gene. The
DNA bound heterodimer attracts components of the RNA polymerase II complex and nuclear transcription regulators.
Serum phosphorus, calcium fibroblast growth factors (FGF-23), and other factors can either increase or decrease the renal
production of 1,25(OH)2D. 1,25(0OH),D feedback regulates its own synthesis and decreases the synthesis and secretion
of parathyroid hormone (PTH) in the parathyroid glands. 1,25(OH),D increases the expression of the 25-hydroxyvitamin
D-24-hydroxylase (24-OHase) to catabolize 1,25(0OH),D to the water-soluble, biologically inactive calcitroic acid, which
is excreted in the bile. 1,25(OH),D enhances intestinal calcium absorption in the small intestine by stimulating the
expression of the epithelial calcium channel (ECaC) and the calbindin 9 K (calcium-binding protein, CaBP). 1,25(OH),D
is recognized by its receptor in osteoblasts, causing an increase in the expression of the receptor activator of the NF-kB
ligand (RANKL). Its receptor RANK on the preosteoclast binds RANKL, which induces the preosteoclast to become a
mature osteoclast. The mature osteoclast removes calcium and phosphorus from the bone to maintain blood calcium and
phosphorus levels. Adequate calcium and phosphorus levels promote the mineralization of the skeleton. Autocrine
metabolism of 25(OH)D; when a macrophage or monocyte is stimulated through its toll-like receptor 2/1 (TLR2/1) by an
infectious agent such as Mycobacterium tuberculosis or its lipopolysaccharide, the signal upregulates the expression of
VDR and 1-OHase. A 25(OH)D level of 30 ng/ml or higher provides adequate substrate for 1-OHase to convert 25(OH)D
to 1,25(OH),D in mitochondria. 1,25(OH),D travels to the nucleus, where it increases the expression of cathelicidin, a
peptide capable of promoting innate immunity and inducing the destruction of infectious agents such as M. tuberculosis.
It is also likely that the 1,25(OH),D produced in monocytes or macrophages is released to act locally on activated T
lymphocytes, which regulate cytokine synthesis, and activated B lymphocytes, which regulate immunoglobulin synthe-
sis. When the 25(OH)D level is approximately 30 ng/ml, the risk of many common cancers is reduced. It is believed that
the local production of 1,25(OH),D in the breast, colon, prostate, and other tissues regulates a variety of genes that
control proliferation, including p21 and p27, as well as genes that inhibit angiogenesis and induce differentiation and
apoptosis. Once 1,25(OH),D completes the task of maintaining normal cellular proliferation and differentiation, it
induces expression of the enzyme 24-OHase, which enhances the catabolism of 1,25(OH),D to the biologically inert
calcitroic acid. Thus, locally produced (autocrine) 1,25(OH),D does not enter the circulation and has no influence on
calcium metabolism. The parathyroid glands have 1-OHase activity, and the local production of 1,25(OH)2D inhibits the
expression and synthesis of parathyroid hormone. The 1,25(OH),D produced in the kidney enters the circulation and can
downregulate rennin production in the kidney and stimulate insulin secretion in the beta islet cells of the pancreas.
(Holick copyright 2013 with permission)
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be 1000, 2000, and 10,000 IUs daily [67]. There
has been concern about vitamin D toxicity which
can cause hypercalcemia and hyperphosphatemia
resulting in cardiovascular calcification and
nephrocalcinosis. Vitamin D toxicity is one of
the rarest medical conditions and is caused by
intentional or accidental ingestion of huge
amounts of vitamin D for a significant period of
time, i.e., several 100,000 IUs daily for more than
6 months [25, 67, 80]. It is now recognized by
many professional medical and nutrition
organizations that a 25(OH)D should be at least
30 ng/mL not only for maximum bone health but
also to provide the full benefits of vitamin D for
overall health and welfare [24, 25, 27, 28, 67].
When considering how much vitamin D we all
require it is worthwhile to consider what our
hunter-gatherer forefathers were obtaining from
daily sun exposure. To get some insight as to
what their blood levels likely were, a study in
adults was conducted in Maasai herders and
Hadzabe bands who lived 2-4° South of the
equator in Tanzania and who were outdoors
exposed to equatorial sunlight every day. The
overall mean concentration of 25(OH)D was
46 ng/mL [81]. Another study determined the
amount of daily vitamin D intake required to
maintain adequate vitamin D levels in human
breast milk to satisfy the infant’s requirement. It
is well established that human breast milk
contains very little if any vitamin D. From an
evolutionary perspective this makes little sense.
When lactating women received 6000 IUs of
vitamin D daily they were able to add enough
vitamin D in their milk to satisfy their infant’s
requirement [82, 83]. This suggests that the
hunter-gatherer lactating women exposed to sun-
light on a daily basis were making several thou-
sand IUs of vitamin D a day; enough to satisfy
their infant’s requirement. It is known that once
the serum 25(OH)D level reaches 20 ng/mL it
takes approximately 100 IUs of vitamin D daily
to raise the blood level by approximately 1 ng/mL
[25, 67]. When healthy adults in Boston who had
a mean 25(OH)D level of 22 ng/mL ingested
1000 IUs of vitamin D daily for 2 months a
majority of them were unable to reach a blood
level of at least 30 ng/mL [26]. To achieve a
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blood level of the Maasai and Hadzabe adults of
40-50 ng/mL would require adults to ingest
approximately 3000-5000 IUs daily. A study of
Canadian adults taking varying doses of vitamin
D reported that those who were taking approxi-
mately 3000-5000 IUs daily were able to achieve
blood levels of 25(OH)D in the range of
40-50 ng/mL. They also reported that adults
with a BMI >30, they required 2.5 times more
vitamin D to achieve the same blood levels as
normal-weight adults. Furthermore, they found
that adults taking between 10,000 and 20,000
IUs daily for more than 1 year demonstrated no
toxicity [84].

Therefore to achieve a blood level of 25(OH)D
of at least 30 ng/mL would require a normal
weight adult to ingest at least 1500-2000 IUs
daily. To achieve what is considered to be the
preferred blood level of 40-60 ng/mL, as
recommended by the Endocrine Society, would
require ingesting 3000-5000 IUs daily. I recom-
mend to my patients that to guarantee vitamin D
sufficiency infants, especially breast-fed infants,
should receive at least 400 IUs daily and prefera-
bly 1000 IUs daily. Children up to the age of
13 should receive at least 600 IUs daily and
preferably 1000 IUs daily. Teenagers should be
treated as adults. They should receive at least
1500-2000 IUs daily and up to 5000 IUs daily
is reasonable and safe to maintain blood levels of
25(OH)D in the preferred range of 40-60 ng/mL.

The consequences of vitamin D deficiency are
often silent, but insidious in nature and have been
reviewed extensively [3, 25, 28, 31, 85]. For chil-
dren, it may prevent them from attaining their
peak height and bone mineral density
[3, 86]. Adults are at increased risk of developing
osteopenia, osteoporosis and increased risk of
fracture [25, 28, 86]. In addition, vitamin D defi-
ciency increases the risk of a wide variety of
chronic diseases including autoimmune diseases,
type 1 diabetes, rheumatoid arthritis, Crohn’s dis-
ease and multiple sclerosis, cardiovascular dis-
ease, neurocognitive dysfunction and
Alzheimer’s disease, type 2 diabetes, and several
deadly cancers [25, 28, 31, 85] (Fig. 2.6).
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Fig. 2.6 A schematic representation of the major causes for vitamin d deficiency and potential health consequences.

(Holick copyright 2007 with permission)

Sunlight, Vitamin D, and the Skin
Cancer Conundrum

Humans evolved in sunlight and their skin pig-
ment gene has evolved in order to protect the skin
from the damaging effects from excessive expo-
sure to sunlight but permitting enough UVB radi-
ation to enter the skin to produce an adequate
amount of vitamin D to sustain health. The pig-
ment gene has rapidly mutated to decrease skin
pigmentation [18, 19] in order to permit humans
to survive in environments where there is mark-
edly reduced UVB irradiation, and, thus, vitamin
D3 synthesis.

The skin has a large capacity to make vitamin
D3 [24]. When young- and middle-aged adults
were exposed one time to one minimal erythemal
dose of ultraviolet B radiation, the circulating
levels of vitamin D that were observed 24 h

after the exposure were similar to adults who
ingested between 10,000 and 25,000 IU of vita-
min D, [87] (Fig. 2.7). Thus, only minimum
suberythemal exposure to sunlight is often ade-
quate to satisfy the body’s vitamin D requirement
[83, 88].

It is well documented that excessive exposure
to sunlight will increase the risk of nonmelanoma
skin cancers [89]. However, it is also known that
occupational sun exposure decreases the risk of
the most deadly form of skin cancer, melanoma
[90, 91].

People of color who live near the equator and
are exposed to sunlight on a daily basis sustain
blood levels of 25(OH)D of 40-60 ng/mL
[81]. Their skin was designed to produce an ade-
quate amount of vitamin D and the melanin pig-
mentation prevents the damaging effects
minimizing the risk of nonmelanoma skin cancer.
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Fig. 2.7 Comparison of serum vitamin D3 levels after a
whole-body (in a bathing suit; trunks for men, bikini for
women) exposure to | MED (minimal erythemal dose) of
simulated sunlight compared with a single oral dose of
either 10,000 or 25,000 IU of vitamin D,. (Holick copy-
right 2013)

As skin pigment devolved in order to permit
humans to produce an adequate amount of vita-
min D3, the skin was perfectly designed to take
advantage of the beneficial effect of sun exposure.
However, the loss of skin pigment permitted
UVB-sensitive ~ macromolecules,  including
DNA, to absorb the solar UVB radiation that
penetrated the epidermis. This absorption caused
thymidine dimerization and other alterations in
the DNA structure, increasing the risk for the
development of nonmelanoma skin cancer
[92, 93]. The Surgeon General’s report from the
United States and many dermatology societies
have promoted abstinence from any direct sun
exposure, which is thought to be a major contrib-
utor for the worldwide vitamin D deficiency
epidemic [94].

In support of this recommendation, Peterson
et al. [95]. reported that Danish adults exposed to
high-intensity sunlight during a vacation in the
Marriott Islands had significant and concerning
cutaneous DNA damage as measured by
increased urinary cyclobutane pyrimidine dimers
(CPD), a surrogate for DNA damage. They also
reported improvement in vitamin D status and
concluded that the detrimental DNA damaging
effect of the sun exposure far outweighed the
benefits of improvement in the vitamin D status
of their subjects. This study however was subject
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to criticism because Danes with skin types 1 and
2 were not designed to be exposed to high-
intensity sunlight for an average of 38 h over
6 days in an environment that was much farther
South from where their ancestors evolved. A
study by Felton et al. [96] provided a more realis-
tic insight regarding sun exposure and its benefi-
cial and negative health consequences. They
exposed healthy adults with little skin pigmenta-
tion (skin type II) to low-level simulated United
Kingdom June midday sunlight (equivalent to
13—17 min 6 times weekly) and evaluated its
effect on vitamin D status and outcome measures
related to cutaneous DNA damage. They
observed a significant 49% increase in circulating
levels of 25(OH)D at the end of the 6-week study.
A histologic evaluation of the skin biopsies
revealed after the first week of exposure a signifi-
cant increase in CPD-positive nuclei in
keratinocytes compared to the photoprotective
skin of the same volunteer. However, remarkably
1 day after the last exposure of the 6-week study,
the authors observed significant clearing of the
CPD-positive nuclei that corresponded to unde-
tectable levels of CPD in the urine and no change or
accumulation in another marker for DNA damage
from baseline, i.e., urinary 8-oxo-2'-deoxyguasine
(8-0x0-dG), a measure of oxidatively damaged
DNA. These results suggested that the skin
adapted to the sun exposure and did not demon-
strate accumulating DNA damage but did demon-
strate that there was likely continued vitamin D3
synthesis. They also conducted a study in skin
type V adults and as expected found minimum
histologic evidence for DNA damage and no sig-
nificant increase in serum 25(OH)D levels. This
again demonstrated how the evolution of skin
pigmentation evolved for taking advantage of
the beneficial effect of sun exposure while
minimizing damaging consequences. This
suggests that you can have your cake and eat it
too when it comes to the utilization of sensible
sun exposure to improve a person’s vitamin D
status [92]. A study in adults who frequent a
tanning bed at least once a week at the end of
the winter had robust levels of 25(OH)D of
approximately 40-50 ng/mL which was compa-
rable to people of color being exposed to sunlight
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on almost a daily basis living near the equator
[81, 97, 98] (Fig. 2.8).

Aging will dramatically affect the amount of
7-dehydrocholesterol in human skin [99]. As a
result, a 70-year-old has about 25% of the capac-
ity to produce vitamin Dj in their skin compared
to a young adult. However, because the skin has
such a large capacity to produce vitamin Dj,
elders exposed to either sunlight [24, 100], a
tanning bed [89, 98] or other UVB emitting
devices [100] are able to raise their blood levels
of 25(OH)D often above 30 ng/mL.

How long should a person be exposed to sun-
light to satisfy their vitamin D requirement? It
depends on time of day, season of year, latitude,
altitude, weather conditions, and the person’s
degree of skin pigmentation. Typically for a
Caucasian’s skin type II living at approximately
42° N in June at noon-time, exposure of arms and
legs and abdomen and back when appropriate
(and always protecting the face since it is the
most sun exposed and sun damaged and only
represents about 2—4% of the body surface) to
suberythemal sunlight (equivalent to

approximately 0.75 MED) on a clear day between
the hours of 10 and 3 pm for approximately
10-30 min, two to three times a week is often
adequate to satisfy the body’s vitamin D require-
ment. I recently helped develop the free app
dminder.info that will provide guidance for sensi-
ble sun exposure anywhere on this planet for all
skin types. It also provides a recommendation
when to stop exposure to direct sunlight and to
use sun protection to reduced risk for sun burning.
After the sensible sun exposure, the application of
a sunscreen with an SPF of at least 30 is then
recommended if the person stays outside for a
longer period of time in order to prevent sun
burning and the damaging effects due to exces-
sive exposure to sunlight.

Conclusion

Humans have always depended on sun for their
vitamin D requirement. It is curious that the same
UVB radiation that is so beneficial for making
vitamin D3 1is also the major cause of
non-melanoma skin cancer. It is excessive expo-
sure to sunlight and the number of sunburns that
is responsible for the alarming increase in
non-melanoma skin cancer [90]. The fact that
most melanomas occur on the least sun-exposed
areas at least raises the question of whether mod-
erate sun exposure is at all related to an increased
risk of this deadly disease. Two reports suggest
that moderate sun exposure decreases the risk
[90, 91]. It is also worth noting that children and
young adults who had moderate sun exposure had
a decreased mortality if they developed mela-
noma [101] and a 40% reduced risk of developing
non-Hodgkin’s lymphoma [102]. It has also been
suggested that improvement in vitamin D status
may reduce the risk of developing melanoma and
decreasing its malignant activity [103].

It is unfortunate that the sun has been
demonized for more than 50 years by those who
have been poorly informed or lack knowledge
about the beneficial effect of sunlight [104] that
our forefathers had appreciated more than
1000 years ago when many cultures including
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the Egyptian’s worshiped the sun for its life-
giving properties [24, 94].

There are several new developments with the
important health implications in the photobiology
of vitamin D that will need further investigation.
Slominski et al. [105] have observed the produc-
tion of novel vitamin D compounds that have a
shortened side chain that have little calcemic
activity and potent antiproliferative properties.
LED technology has made a major advancement
by developing LEDs that can emit ultraviolet C,
UVB, and UVA radiation. LEDs can be tuned to
emit peak wavelengths with minimum band-
width. This remarkable advancement in LED
technology has resulted in the development of
LEDs that emit germicidal UV radiation that is
effective for water purification and sterilization of
surgical suites and home appliances. We tuned
LEDs in the region of the UVB spectrum that
maximizes the photoproduction of previtamin D
[106]. These LEDs demonstrated that peak
wavelengths of 293 and 295 nm radiation were
not only very effective in producing previtamin D
in human skin but were also approximately 300%
more efficient compared to sunlight. This
suggests that exposure to LEDs emitting UVB
radiation for producing previtamin D improves
the risk-benefit ratio by approximately 300%.
These LEDs can be developed for naturally pro-
ducing vitamin D in the skin. This is of particular
importance for patients who are unable to absorb
vitamin D from diet or supplements because of
some type of fat malabsorption syndrome.

Sunscreen technology has been developed
whereby the ingredients have been altered in a
manner that permits the sunscreen to let an addi-
tional small amount of vitamin D producing UVB
radiation to pass through it to enhance the pro-
duction of vitamin D in the skin. This was accom-
plished without altering its sun protection
factor [107].

Finally, it should also be realized that there are
a wide variety of additional photochemical and
biologic processes that occur in the skin during
sun exposure [94, 108]. These include among
others an increased production of beta-endorphin,
nitric oxide, and carbon monoxide that are related
to improvement in feeling of well-being,
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reduction in blood pressure. In addition, exposure
to ultraviolet radiation increased expression of the
clock, proopiomelanocortin, aryl hydrocarbon
receptor, and nitric oxide synthetase genes
[94, 108]. Therefore, sensible sun exposure not
only can provide the all-important vitamin D but
has demonstrable many other health benefits.
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Abstract

Over the last several decades, extensive
research on vitamin D and its role on cancer
incidence, cancer survival (survival or mortal-
ity from cancer among individuals diagnosed
with cancer), and cancer mortality (fatal cases
occurring during the study period in an
initially cancer-free population) has been
conducted. A variety of study designs were
implemented to explore vitamin D status,
assessed by measuring sun exposure, vitamin
D intake, and circulating 25-hydroxyvitamin
D (25(OH)D) concentration. Although not
many randomized controlled trials have exam-
ined the relationship between vitamin D and
cancer incidence, observational studies have
consistently shown a protective association
between vitamin D and cancer incidence, espe-
cially for colorectal cancer. In addition,
randomized controlled trials and most obser-
vational studies suggested that vitamin D plays
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a role in reducing cancer mortality. The poten-
tial benefit of vitamin D on cancer mortality
may operate during the pre-diagnostic stages
by affecting late-stage tumor progression and
metastatic seeding, during the treatment phase
by complementing or enhancing effects of
therapies, or during the post-diagnostic stages.
However, further studies are needed to confirm
these conclusions, establish the optimal dos-
age and timing of vitamin D intakes for the
most benefit, find which cancer types are
affected, and wunderstand the underlying
mechanisms.

Keywords

Vitamin D - Vitamin D supplementation -
Vitamin D intake - Sun exposure - Circulating
25(OH)vitamin D - Cancer incidence - Cancer
survival - Cancer mortality - Epidemiology

Introduction

There have been numerous efforts in studying the
relationship between sun exposure and cancer
incidence, survival, and mortality. In the late
1930s, Peller and Stephenson reported higher
rates of skin cancer (i.e., 8 times higher) but
lower rates of other cancers among the US Navy
personnel [1]. Peller and Stephenson suggested
that sun exposure induced skin cancer, which
consequently conferred immunity against other
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cancers. After several years, Apperly reported an
association between latitude and cancer mortality
rate in North America [2]. Here, he observed that
individuals in high-latitude regions had higher
rates of total cancer mortality when compared to
those in low-latitude regions. He argued that the
“relative immunity to cancer is a direct effect of
sunlight [2].” Although the hypothesis that sun
exposure may be beneficial against cancer had
been proposed early, these observations
supporting the hypothesis were ignored for nearly
40 years until a clear mechanism was proposed.

In the 1980s, Garland and Garland suggested
that the possible benefits of sun exposure could be
attributed to vitamin D [3]. They hypothesized
that vitamin D was protective against colon can-
cer, based on the premise that most vitamin D in
humans is made from exposure to solar
ultraviolet-B (UV-B) radiation. While this study
focused on colon cancer, the proposed protective
role of vitamin D was later extended to cancers in
breast [4], ovary [5], prostate [6, 7], and other
multiple sites [8]. Subsequent laboratory studies
supported potential anti-carcinogenic properties
of vitamin D, including increased differentiation
and apoptosis and inhibited proliferation, inva-
siveness, angiogenesis, and metastatic
potential [9].

This chapter provides a review and synthesis
of up-to-date epidemiologic evidence on the asso-
ciation between vitamin D and incidence, sur-
vival, and mortality for various cancers. After
Garland and Garland’s initial hypothesis, numer-
ous epidemiologic studies have supported the
protective role of vitamin D (or sun exposure)
on different cancer sites. In this chapter, we first
discuss epidemiologic studies that assessed the
association between serum vitamin D levels and
cancer incidence, survival, and mortality and then
discuss vitamin D intake studies, including evi-
dence from recent randomized controlled trial
(RCT) data. We consider three endpoints: cancer
incidence (newly onset cases diagnosed during
the study period in an initially cancer-free popu-
lation), cancer mortality (fatal cases occurring
during the study period in an initially cancer-
free population), and cancer survival (survival or
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mortality from cancer among individuals already
diagnosed with cancer).

25-hydroxyvitamin D, Cancer
Incidence, Survival, and Mortality

Many initial studies on this topic were ecological
studies that examined population cancer inci-
dence or mortality rates in relation to latitudes or
regions that differ in UV-B radiation exposure [3—
8]. These studies, in general, found that
populations residing in regions of higher solar
UV-B exposure generally had lower incidence
and mortality rates of cancer. Similar findings
were reported in Australia, China, France, Japan,
and Spain, and at least 15 types of cancer, espe-
cially colorectal cancer, were shown to correlate
with low sun exposure [10, 11]. An important
limitation of ecological studies is that factors
that are correlated with latitude or UV-B exposure
may be the causal factors (confounders) rather
than the UV-B exposure itself. However, the
inverse association between regional solar UV-B
exposure and cancers was not only observed in
the United States but also in other regions such as
Japan [12], China [13], and Spain [14]. The
unlikelihood that potential confounders have sim-
ilar relationships with solar UV-B exposure in all
these different regions supports the hypothesis
that the inverse association between UV-B expo-
sure and cancers is causal.

While ecological studies examine exposure
and outcome at the population level, case-control
and cohort studies (“analytic epidemiologic stud-
ies”) assess hypotheses at the individual level.
Since more detailed information on covariates
can be obtained in analytic studies, confounding
is often better controlled for in case-control and
cohort studies than ecological studies. In the
recent 20 years, there have been numerous epide-
miological studies (primarily cohort studies)
assessing circulating 25-hydroxyvitamin D (25
(OH)D) levels in relation to cancer risks. Since
serum- or plasma-based studies provide the most
definite evidence for the role of vitamin D in
observational studies, we mainly review evidence
from such study designs to assess relationships
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between vitamin D and colorectal cancer, breast
cancer, prostate cancer, and other cancers. Studies
that measured 25(OH)D levels for individuals
who were already diagnosed with cancer should
be interpreted with caution because of the poten-
tial for reverse causation, which is, the cancer
may lead to low levels of 25(OH)D rather than
vice versa. For example, the cancer may cause
pathophysiologic changes that lower 25(OH)D
levels or lead to behaviors due to illness that
reduce sun exposure.

Colorectal Cancer

Colorectal cancer has been studied the earliest
and the most in relation to vitamin D, specifically
vitamin D deficiency. In general, studies have
consistently shown that low levels of 25(OH)D
were associated with higher risks of colorectal
cancer or adenoma.

Cancer Incidence
Studies that supported an inverse association
between vitamin D and incidence of colorectal
cancer were from various populations including
the Nurses’ Health Study (NHS) [15], the Health
Professionals  Follow-up Study [16], the
Women’s Health Initiative [17], the Japan Public
Health Center-based Prospective Study [18], the
European Prospective Investigation into Cancer
and Nutrition Study (EPIC) [19], and the Multi-
ethnic Cohort Study [20]. These are among the
largest prospective cohort studies of cancer.
Meta-analyses also found evidence favoring a
protective association. In a meta-analysis
published in 2007, Gorham et al. reported that
serum 25(OH)D levels of >33 ng/mL were
associated with a 50% lower risk of colorectal
cancer compared to that of relatively low values
of <12 ng/mL[21]. From this evidence, the
authors suggested that daily intake of
1000-2000 IU/day of vitamin D would reduce
colorectal cancer incidence. In support of this,
another meta-analysis published in 2011 showed
that based on 2630 cases, the summary relative
risk for a 10 ng/mL increase in serum 25(OH)D
was 0.85 (95% confidence interval [CI]: 0.79 to

0.91) [22]. In a recent large pooling project of
17 cohorts with 5706 colorectal cancer cases and
7107 controls, deficient 25(OH)D levels of
<30 nmol/LL were associated with 31% higher
colorectal cancer risk, compared to 25(OH)D
levels of 50 to <62.5 nmol/L. (95% CI: 1.05 to
1.62) [23]. Intriguingly, this study reported that
the inverse association persisted up until
100 nmol/L; at 25(OH)D levels of >100 nmol/
L, the risk did not decline further and was not
statistically significant. The “effective” dosage of
vitamin D that the authors suggested on reducing
colorectal cancer risk was higher than doses con-
ventionally recommended (optimal
concentrations: 75—-100 nmol/L23). Based on mul-
tiple studies and meta-analyses, it is very clear
that there is an inverse association between
circulating 25(OH)D levels and colorectal cancer
risk. Individuals in the highest quartile of 25(OH)
D level had approximately half the risk of colo-
rectal cancer incidence compared to those in the
lowest quartile. Statistical adjustment for poten-
tial confounding factors generally did not affect
the estimates for 25(OH)D and cancer.

Cancer Survival

Previous studies have consistently found that
higher circulating 25(OH)D levels were
associated with better colorectal cancer survival
and prognosis. In a prospective study of 1598
patients with stage I to III colorectal cancer,
higher plasma 25(OH)D was significantly
associated with better colorectal cancer survival
[24]. To be specific, compared to patients in the
lowest tertile of 25(OH)D, those in the highest
tertile had a hazard ratio of 0.68 (95% CI: 0.50 to
0.90) for colorectal cancer-specific deaths (i.e.,
higher postoperative 25(OH)D levels were related
to better survival). In this study, blood samples
were collected postoperatively, and the median
time to blood sampling was 105 days after the
treatment of colorectal cancer. Since factors like
acute illness, surgery, or postoperative recovery
could affect vitamin D levels, the authors in this
study created a variable describing time from
definitive treatment to blood sampling. Further-
more, systematic reviews and meta-analyses
supported the benefits of higher circulating
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25(OH)D in prognosis and survival among colo-
rectal cancer patients [25-27]. For colorectal
cancer-specific deaths, the pooled hazard ratio
for the highest versus the lowest category of
circulating 25(OH)D levels was 0.65 (95% CI:
0.49 to 0.86) [27]. For overall, not cancer-specific
deaths of colorectal cancer patients, the
corresponding pooled hazard ratio ranged from
0.55 (95% CI: 0.33 to 0.91) [26] to 0.71 (95%
CI: 0.55 to 0.91) [27]. It seems clear from the
evidence that there is a strong inverse association
between circulating 25(OH)D levels and colorec-
tal cancer deaths among patients (i.e., higher
circulating levels associated with better colorectal
cancer survival). An important thing to note from
these meta-analyses is that included studies had
different times of blood collection. For example,
one of the studies (included in the meta-analysis)
showed that higher pre-diagnostic 25(OH)D
levels were significantly associated with better
survival among colorectal cancer patients (hazard
ratio comparing highest quintile versus lowest
quintile for cancer-specific deaths, 0.69; 95%
CI: 0.50 to 0.93) [28]. However, the authors
from this study warranted further studies
investigating the potential effects of vitamin D
levels before, at, and after colorectal cancer diag-
nosis and/or treatment.

Prostate Cancer

Along with colorectal cancer, prostate cancer
appears to be a well-studied cancer through
case-control and cohort studies. However, unlike
colorectal cancer studies that showed a clear
inverse association, prostate cancer incidence
data have been equivocal.

Cancer Incidence

Although some studies [29-34] suggested a weak
inverse association between circulating 25(OH)D
levels and risk of prostate cancer, most studies
[35-38] reported no association between vitamin
D and prostate cancer risk. In particular, two
studies [39, 40] that were conducted in Nordic
countries (where 25(OH)D levels tend to be low
due to high-latitude and low UV-B exposure)
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supported an inverse association. Even these
studies remained inconclusive as one [40] of
them noted a U-shaped risk of prostate cancer
(i.e., an increased risk was observed not only
when 25(OH)D level decreased from the refer-
ence but also when it increased from the refer-
ence). Recent large studies also did not find an
association between 25(OH)D levels and prostate
cancer risk. For instance, Ahn et al. found no
statistically  significant association between
season-standardized serum 25(OH)D level and
prostate cancer risk in a large prospective study
[41]. Similarly, in a nested case-control study
within the EPIC cohort (652 cases matched to
752 controls), the authors found no statistically
significant association between 25(OH)D levels
and prostate cancer risk (odds ratio for the highest
versus the lowest quintile: 1.28; P for trend:
0.188).

Meta-analyses and Mendelian randomization
study also showed mixed results regarding the
association between 25(OH)D levels and prostate
cancer incidence. A meta-analysis published in
2011 showed that based on 3956 cases, the sum-
mary relative risk for a 10 ng/mL increase in
serum 25(OH)D was 0.99 (95% CI. 0.95 to
1.03) [22]. Such null association was confirmed
in another meta-analysis [42]. A recent Mende-
lian randomization study also supported this and
observed that there was no evidence of a causal
association (odds ratio per 25 nmol/L increase:
1.00; 95% CI: 0.93 to 1.07) [43]. Mendelian ran-
domization studies are those that utilize genetic
variation in genes of known function (in this case,
variation in 25(OH)D levels) to examine the
presumed causal effect of exposure on disease.
However, with a meta-analysis published in 2014
even suggesting a positive association between
25(OH)D level and prostate cancer risk [44],
evidence on prostate cancer remains equivocal.
Such discrepancies on the results of prostate can-
cer studies could potentially be attributed to
differences in disease aggressiveness, which is
critical to account for in prostate cancer epidemi-
ology [45]. For example, in a recent study that
aggregated 19 prospective studies (13,462 inci-
dent prostate cancer cases and 20,261 controls), a
positive association between serum vitamin D



3 Vitamin D Status and Cancer Incidence, Survival, and Mortality 43

concentrations and total prostate cancer risk (odds
ratio for highest versus lowest quintile: 1.22; 95%
CI: 1.13 to 1.31) varied by disease aggressiveness
[46]. Specifically, higher 25(OH)D levels were
associated with increased risk of non-aggressive
disease (odds ratio per 80 percentile increase:
1.24; 95% CI: 1.13 to 1.36) but not aggressive
disease (odds ratio: 0.95; 95% CI: 0.78 to 1.15;
aggressive disease defined as stage 4, metastases,
or prostate cancer deaths). Therefore, although
there were some studies suggesting a weak
inverse association, studies on circulating 25
(OH)D levels and prostate cancer incidence have
been inconclusive.

Cancer Survival and Mortality

The literature on prostate cancer survival and
mortality in relation to vitamin D has also been
inconsistent. Among studies that assessed post-
diagnostic circulating 25(OH)D levels and pros-
tate cancer deaths in patients, one found a signifi-
cant protective association (relative risk: 0.16 for
high levels of serum 25(OH)D versus low serum
levels; 95% CI: 0.05 to 0.43 for cause-specific
deaths) [47], but the others found no association
[48, 49]. However, we noted that one of the
studies that found no association had a short
median follow-up (31 months) and only included
men with stage IV prostate cancer [49]. Advanced
cancers (e.g., stage IV prostate cancer) may be
less influenced by vitamin D status and
modifiable lifestyle factors in general. Not only
post-diagnostic but also pre-diagnostic circulating
25(OH)D studies showed inconsistent results.
One study found that higher pre-diagnostic
plasma 25(OH)D was associated with improved
prostate cancer prognosis [50]. To be specific,
prostate cancer patients in the lowest 25(OH)D
quartile were more likely to die from their cancer
compared to those in the highest quartile (hazard
ratio: 1.59; 95% CI: 1.06 to 2.39). In support of
this, two survival analyses concluded that higher
levels of pre-diagnostic serum 25(OH)D (e.g.,
above 85 nmol/L3") could improve survival in
prostate cancer patients [51, 52]. On the other
hand, results from a large cohort consortium
(518 fatal prostate cancer cases and 2986
controls) showed that there was no statistically

significant relationship between pre-diagnostic
circulating 25(OH)D and fatal prostate cancer
(odds ratio for extreme quartiles: 0.86; 95% CI:
0.65 to 1.14) [53]. Although it is suggestive that
higher levels of serum 25(OH)Ds are associated
with better prostate cancer prognosis and sur-
vival, further research is warranted.

Breast Cancer

Breast cancer is one of the cancers that has been
studied much in relation to vitamin D. However,
the results have been inconsistent, and in general,
have not been supportive of an association.

Cancer Incidence
The evidence for breast cancer has been mixed. In
a nested case-control study within the NHS
cohort (701 breast cancer cases and 724 controls),
women in the highest quintile of 25(OH)D had a
relative risk of 0.73 (95% CI: 0.49 to 1.07), com-
pared to those in the lowest quintile
[54]. Although still statistically insignificant, the
association was stronger for women who were
60 years old or older (relative risk: 0.57; 95%
CI: 0.31 to 1.04). This result suggested that vita-
min D could be an important factor, particularly
for postmenopausal breast cancer. Interestingly, a
recent study observed an inverse association
between total baseline 25(OH)D and breast can-
cer risk (odds ratio: 0.87 per 10 ng/mL increase;
95% CI: 0.78 to 0.98) [55]. Here, the association
remained similar when the analyses were
restricted to postmenopausal women. However,
this inverse association changed to a significantly
positive association when the authors assessed
second blood draw measures during follow-up
and subsequent breast cancer risk (odds ratio:
1.17 per 10 ng/mL; 95% CI: 1.08 to 1.26). This
finding, therefore, suggested that discrepant
results among studies on vitamin D and breast
cancer incidence may be due to temporal trends
in vitamin D and potential reverse causation.
Findings from meta-analyses and Mendelian
randomization study were mostly null. A meta-
analysis by Gandini et al. reported a null associa-
tion between 25(OH)D levels and breast cancer
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risk among 5 prospective studies (summary rela-
tive risk: 0.97 for a 10 ng/mL increase; 95% CI:
0.92 to 1.03) [22]. In support of this, a more
recent meta-analysis published in 2014 observed
no statistically significant association between
blood 25(OH)D levels and breast cancer inci-
dence among 30 prospective studies (pooled rela-
tive risk: 0.92; 95% CI: 0.83 to 1.02) [56]. A
recent Mendelian randomization study also
suggested a null association, and that there was
no evidence of a causal association (odds ratio per
25 nmol/L increase: 1.02; 95% CI: 0.97 to 1.08)
[43]. Therefore, based on the studies of breast
cancer risk in relation to circulating 25(OH)D
levels, no clear association was found in general.

Cancer Survival

Many systematic reviews and meta-analyses
supported that higher circulating 25(OH)D levels
were associated with better breast cancer progno-
sis and survival [25-27, 57-59]. For example, a
meta-analysis published in 2014 reported that low
levels of 25(OH)D were significantly associated
with higher risks of overall and breast cancer-
specific deaths among breast cancer patients (haz-
ard ratio for the highest versus the lowest tertile:
1.52, 95% CI: 1.22 to 1.88 and hazard ratio: 1.74,
95% CI: 1.23 to 2.40, respectively) [58]. Since
studies with longer times from diagnosis to blood
collection tend to report no association [57], the
protective association seemed to be stronger for
studies in which blood samples were drawn close
to diagnosis. This may be because serum 25(OH)
D concentrations could change from therapy or
lifestyle modifications after the diagnosis or due
to disease worsening [60]. For instance, the asso-
ciation of serum 25(OH)D levels and mortality
was statistically significant only for patients
whose blood samples were collected prior to
chemotherapy [61].

Although there were many studies in support
of an association, some studies on breast cancer
treatment trials showed no association between
25(OH)D levels and breast cancer prognosis
[62—-64]. Since these were treatment trials, all
these studies measured post-diagnostic 25(OH)D
levels after they recruited the cases. One of the
studies mentioned that they collected all the blood
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samples before treatment [63]. One explanation
for the differences in the results between observa-
tional studies conducted in general cohorts and
those in the context of treatment trials could be
that trials had stricter inclusion criteria, which led
the study population to be more homogeneous.
Alternatively, it might be due to a potential that
adjuvant therapies negated the adverse effect of
low 25(OH)D levels. In addition, it should be
noted that information on vitamin D supplemen-
tation was not available.

Other Cancer Types

Unlike colorectal, prostate, and breast cancers,
other cancers have not been examined much in
relation to vitamin D. Furthermore, some cancers
are too rare to study in individual cohorts.

Cancer Incidence

There have been some studies that examined 25
(OH)D levels and risks of cancers in various sites
including skin, lung, and pancreas. In a recent
study based on 217,244 individuals, there were
significant positive associations between 25(OH)
D levels and skin (both non-melanoma and mela-
noma), prostate, and hematological cancers but
a significant inverse association for lung cancer
[65]. One nested case-control study of blood 25
(OH)D levels and pancreatic cancer risk was
based on the cohort of male Finnish smokers
(200 incident exocrine pancreatic cancer cases
matched to 400 controls) [66]. In this study,
higher vitamin D concentrations were associated
with almost a threefold increased risk of pancre-
atic cancer, and the association remained signifi-
cant even after excluding cases early in follow-
up. However, since pancreatic cancer is rare,
studying it in individual cohorts could result in
relatively less statistical power. Therefore, the
Cohort Consortium Vitamin D Pooling Project
of Rarer Cancers (VDPP) was formed to address
the role of circulating 25(OH)D in less common
cancers [67]. The VDPP, a consortium of ten
prospective cohort studies from the United States,
Finland, and China, was used to examine the
associations between 25(OH)D levels and the
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risks of endometrial, kidney, ovarian, pancreatic,
and upper gastrointestinal tract cancers and
non-Hodgkin lymphoma. The total numbers of
cases for each of the malignancies were 830 for
endometrial cancer, 775 for kidney cancer,
516 for ovarian cancer, 952 for pancreatic cancer,
1065 for upper gastrointestinal cancers, and 1353
for non-Hodgkin lymphoma. In general, the
results from the VDPP showed that there were
no statistically significant associations between
circulating 25(OH)D levels and risks of cancers
mentioned above, except for increased pancreatic
cancer risk at high levels (> 100 nmol/L) of 25
(OH)D [68-73]. However, such a potential posi-
tive association between vitamin D and pancre-
atic cancer incidence has not yet been entirely
confirmed. For example, in a pooled analysis of
nested case-control studies from 5 cohorts
(451 cases and 1167 controls), higher circulating
25(0OH)D levels were associated with a lower risk
of pancreatic cancer, suggesting an inverse, not a
positive, association [74].

Although there was no overall association
between 25(OH)D levels and upper gastrointesti-
nal and ovarian cancers in the VDPP, subgroup
analyses and results from other studies deserve
attention. For instance, there were racial
differences in the association between 25(OH)D
levels and gastrointestinal cancers. Among
Asians, not Whites, lower concentrations of 25
(OH)D (< 25 nmol/L) were associated with a
lower risk of upper gastrointestinal cancers
(odds ratio: 0.53; P for trend: 0.003) [69]. How-
ever, such positive association could possibly be
attributed to reverse causation because one of the
Asian cohorts (Shanghai Men’s Health Study)
had a short follow-up time of 1.7 years.
Besides, undiagnosed cancers at baseline blood
draw could have affected the 25(OH)D level. In
the subgroup analysis by smoking status,
concentrations of <25 nmol/L. were associated
with a decreased risk of upper gastrointestinal
cancers among never smokers. Regarding ovarian
cancer, a nested case-control study within the
Finnish Maternity Cohort observed that having
sufficient (> 75 nmol/L) serum 25(OH)D levels
compared to insufficient serum 25(OH)D was
associated with a decreased risk (odds ratio:

0.32; P-value: 0.03), suggesting an inverse
association [75].

Cancer Survival and Mortality

Studies on overall cancer survival and mortal-
ity have generally found better prognosis and
lower mortality for those with higher 25(OH)D
levels. In a meta-analysis of 12 cohort studies,
lower 25(OH)D levels were associated with more
cancer deaths (pooled relative risk comparing
bottom versus top thirds: 1.14; 95% CI: 1.01 to
1.29) [76]. This part of the meta-analysis assessed
cancer mortality rather than cancer survival
because eligible observational cohort studies
included healthy participants at baseline. Similar
findings were also reported for cancer survival
among patients. A recent study with 4616 cancer
cases (2884 died of their cancer during 28 years
of follow-up) found that higher 25(OH)D levels
were associated with better overall cancer sur-
vival (hazard ratio for the highest versus the low-
est quintile: 0.76; 95% CI: 0.67 to 0.85)
[77]. Here, cancer cases were drawn from the
previous nested case-control studies of circulating
25(OH)D levels and cancer risk within the Alpha-
Tocopherol, Beta-Carotene Cancer Prevention
Study. Fasting blood samples were collected at
baseline (pre-diagnostic) and stored until analy-
sis. This study also found that significant inverse
associations were present for kidney cancer
deaths among kidney cancer patients (hazard
ratio: 0.59; 95% CI: 0.35 to 0.98) and melanoma
deaths among melanoma patients (hazard ratio:
0.39; 95% CI: 0.20 to 0.78), but a significant
positive association for lung cancer deaths
among lung cancer patients (hazard ratio: 1.28;
95% CI: 1.02 to 1.61).

Studies on vitamin D in relation to lung can-
cer, lymphoma, melanoma, and pancreatic cancer
prognoses, individually, are worthy of notice. For
lung cancer, two studies in Norway (which col-
lected serum samples within 90 days of cancer
diagnosis) [78] and the United States (which col-
lected samples at the time of diagnosis) [79]
observed better survival for patients with higher
circulating serum levels of 25(OH)D. However,
this was not supported in a small Chinese study
with 87 cases [80]. Besides, two studies on
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advanced non-small-cell lung cancer did not find
any significant association between post-
diagnostic serum 25(OH)D levels and cancer sur-
vival [81, 82]. In a study of 500 Finnish men,
pre-diagnostic serum 25(OH)D levels (median
time from blood collection to diagnosis was
10 years) were also not significantly associated
with lung cancer survival (hazard ratio comparing
the highest to the lowest quartile: 1.18; 95% CI:
0.89 to 1.56) [83]. This study found suggestive
associations between higher serum 25(OH)D and
better survival from adenocarcinoma (hazard
ratio: 0.64; 95% CI: 0.17 to 2.45) and small cell
carcinoma (hazard ratio: 0.55; 95% CI: 0.21 to
1.45). However, these estimates were based on a
relatively small number of cases and were not
statistically significant. A similar null result was
observed for lung cancer mortality as well as
survival. In a study that analyzed 258 cases of
lung cancer deaths, the authors found that there
was no association between serum 25(OH)D
levels and overall lung cancer mortality. They
observed that among nonsmokers, > 44 nmol/L
versus <44 mol/L of serum 25(OH)D was
associated with a decreased risk of lung cancer
mortality (hazard ratio: 0.53; 95% CI: 0.31 to
0.92) [84]. Although there were many studies
reporting null associations, there were some stud-
ies suggesting that higher circulating vitamin D
levels could be associated with better lung cancer
survival.

Although not many, some studies examined
lymphoma, melanoma, and pancreatic cancer
prognoses with respect to 25(OH)D levels. In
the meta-analysis that showed significant inverse
associations between 25(OH)D levels and colo-
rectal and breast cancer deaths, higher 25(OH)D
levels measured at or near the time of diagnosis
were associated with better lymphoma outcomes
(pooled hazard ratio for the highest versus the
lowest quartile: 0.48; 95% CI: 0.36 to 0.64)
[26]. Other studies also showed that higher 25
(OH)D levels collected at or near diagnosis were
associated with favorable prognosis in melanoma
[85-87]. For pancreatic cancer, a study of
256 cases showed that baseline 25(OH)D levels
were not associated with progression free or over-
all survival [88]. However, the authors of this
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study noted that baseline 25(OH)D levels in can-
cer patients might represent inadequate nutrition
or limited outdoor activity due to the burden of
cancer, instead of true steady state [89]. Also,
since the median overall survival was very short
(less than 6 months) and most of the cases had
deficient (< 20 ng/mL; 44.5% of the cases) or
insufficient (< 30 ng/mL; 22.5% of the cases)
levels of vitamin D, it might have been hard to
find an association. To sum up, 25(OH)D levels
seem to be inversely associated with cancer
deaths in general.

Vitamin D Intake Trials

As RCTs are considered to be a gold standard for
epidemiologic evidence (i.e., a causal associa-
tion), we discuss the results on trials of vitamin
D intake and cancer incidence and mortality in
this section. We are able to draw a causal infer-
ence in a well-designed RCT as issues on
confounding will ideally be removed with effec-
tive randomization.

Randomized Controlled Trials (RCTs)
of Vitamin D and Cancer Incidence

There are not many RCTs that have examined the
relationship between vitamin D intake and cancer
incidence. Since studies, in general, suffer from a
lack of statistical power when examining specific
cancers, some trials assessed the role of vitamin D
supplements on total cancer incidence. In a meta-
analysis summarizing these trials, the authors
reported that vitamin D supplementation had no
effect on total cancer incidence (summary relative
risk: 1.00; 95% CI: 0.94 to 1.06; 4 RCTs with
4333 combined cases) [90]. However, they noted
that this summary measure was based on rela-
tively short duration (27 years of duration) and
a limited dosage (400 to 1100 IU per day). A
recent large randomized trial in the United States
called the Vitamin D and Omega-3 Trial (VITAL)
also found that vitamin D supplementation was
not associated with a lower risk of invasive cancer
[91]. VITAL was a randomized controlled study
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of vitamin D at a dose of 2000 IU per day and
omega-3 fatty acids at 1 g per day on cancer and
cardiovascular disease among US men (>
50 years old) and women (> 55 years old).
Among the total of 25,871 participants that were
followed for a median of 5.3 years, 1617 were
diagnosed with cancer (793 in the vitamin D
group and 824 in the placebo group). The hazard
ratio of the vitamin D group to the placebo group
was 0.96, with a 95% CI of 0.88 to 1.06
(P =0.47). In the VITAL study, supplementation
of vitamin D also did not reduce the occurrences
of colorectal, breast, and prostate cancers.

The results from VITAL were included in a
new meta-analysis of cancer incidence [92]. This
updated meta-analysis comprised 10 trials (6547
cases; 3—10 years of follow-up; 54—135 nmol/L
of attained levels of circulating 25(OH)D in the
intervention group). The summary RR was 0.98
(95% CI: 0.93 to 1.03; P = 0.42). The results
remained null across subgroups tested, including
even when attained 25(OH)D levels exceeded
100 nmol/L (RR: 0.95; 95% CI: 0.83 to 1.09;
P = 0.48).

RCTs of Vitamin D and Cancer Mortality

Unlike the results on cancer incidence, results on
cancer mortality tend to show an inverse associa-
tion. In the meta-analysis mentioned above, the
authors found that vitamin D supplementations
significantly reduced total cancer mortality (sum-
mary relative risk: 0.88; 95% CI: 0.78 to 0.98;
three RCT's with combined 1190 cases) [90]. This
meta-analysis included RCTs on cancer mortal-
ity, not survival. Although only marginally sig-
nificant, VITAL results also showed a protective
association between vitamin D supplementations
and cancer mortality (hazard ratio: 0.83; 95% CI:
0.67 to 1.02; 341 cancer deaths, with 154 in the
vitamin D group and 187 in the placebo group)
[91]. This association became stronger and signif-
icant in the analysis that excluded the first 2 years
of follow-up, a pre-specified analysis (hazard
ratio: 0.75; 95% CI: 0.59 to 0.96). It is common
to exclude early years of follow-up in analyzing
trials on diet and cancer because the effects of

nutritional factors become clear only after a cer-
tain period of time, especially for slow-growing
diseases like cancer. In an updated meta-analysis
[92], five trials were included to study total cancer
mortality. These studies entailed 1591 deaths over
3-10 years of follow-up. The summary RR for
vitamin D compared to placebo was 0.87 (95%
CI: 0.79 to 0.96; P = 0.005). This result was
largely attributable to interventions with daily
dosing, rather than infrequent bolus dosing. No
statistically ~ significant  heterogeneity = was
observed by attained levels of circulating 25
(OH)D above or below 100 nmol/L.

Conclusions

Over the last several decades, vitamin D has
received substantial interest in relation to the
common cancers and less so for the rarer
malignancies. For cancer incidence, a consistent
inverse association has only been observed for
colorectal cancer in observational studies. RCTs
also have not supported a general effect of vita-
min D on cancer incidence. Although these RCTs
potentially provide more evidence for a causal
association, there exist some important
limitations. Trials with extended duration are
warranted for studies on cancer incidence because
long durations are often required to observe an
effect. For example, epidemiologic evidence
suggests that at least 10 years are needed for any
influence of calcium or vitamin D to show on
colorectal cancer occurrence [93]. Since most
cancers generally arise through a multi-stage pro-
cess that lasts for a long period of time, studies
with relatively short duration may not capture the
benefit of vitamin D on cancer risk, if there is any.
In addition, in trials, it is difficult to choose a
single “proper” or “effective” dosage that a sus-
ceptible population could benefit from. Therefore,
although RCTs are generally considered as a gold
standard, their results should still be interpreted
with caution for issues mentioned above and
other issues such as noncompliance.

In contrast to the studies on cancer incidence,
both RCTs and many though not all observational
studies suggest that vitamin D may play a role in
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cancer mortality or survival. Approximately a
15% reduction in total cancer mortality was
observed in those who were randomized to
receive vitamin D supplements over placebo,
and the VITAL study suggested that this effect
size could increase over the duration of vitamin D
use. Most of the follow-up time in the studies was
less than 5 years. In VITAL, after excluding the
first 2 years, the risk reduction was 25%. Benefits
were seen even at fairly high doses of 2000 IU/
day and when levels of >100 nmol/L were
attained. While the reason for the divergent
findings for incidence and mortality of total can-
cer is not apparent, plausible mechanisms exist
for vitamin D operating at multiple stages of
carcinogenesis. Vitamin D may decrease tumor
invasiveness and propensity to metastasize,
which may occur at the late stages of carcinogen-
esis. In the RCTs, which showed benefits on
mortality, vitamin D administration generally
started before cancer diagnosis, likely during the
late stages of carcinogenesis and continued dur-
ing and after diagnosis. Thus, the potential benefit
for vitamin D status on cancer mortality could
operate during the pre-diagnostic stages by affect-
ing late-stage tumor progression (e.g., invasion)
and metastatic seeding, during the treatment
phase possibly by complementing or enhancing
effects of therapies, or during the post-diagnostic
stages. It is unclear if similar benefits could be
conferred by beginning vitamin D treatment at the
time of diagnosis because some of the effects of
vitamin D could be occurring during the meta-
static seeding phase in the pre-diagnostic period.

Almost 10 million cancer deaths were
projected to occur in 2018 worldwide [94]. With
increasing population size and aging, cancer inci-
dence and mortality is likely to increase over
time. The results from meta-analyses support
that achieving circulating levels of 25(OH)D
around 54-135 nmol/L may contribute to reduc-
ing cancer mortality. Although the optimal 25
(OH)D level for prevention is not established, it
is likely to be higher than 50 nmol/L, and cur-
rently, a substantial portion of the world’s popu-
lation is below even this threshold. The Endocrine
Society recommends at least 1500-2000 IU/day
intake of vitamin D to maintain the levels of 25
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(OH)D above 75 nmol/L [95]. Further studies are
needed to confirm our conclusions, establish the
optimal dose and timing of vitamin D intakes for
prevention, find which cancer types are affected,
and determine the underlying mechanisms of
action.
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Abstract

Increasing scientific evidence supports the link
between vitamin D and cancer risk. The active
metabolite 1,25(OH)2D exerts its activity by
binding to the vitamin D receptor (VDR), an
intracellular receptor that mediates transcrip-
tional activation and repression of target
genes. The binding of 1,25(OH)2D to VDR
is able to regulate hundreds of different genes.
VDR is active in virtually all tissues including
the colon, breast, lung, ovary, bone, kidney,
parathyroid  gland, pancreatic  b-cells,
monocytes, T lymphocytes, melanocytes,
keratinocytes, and also cancer cells.

The relevance of VDR gene restriction frag-
ment length polymorphisms for various types
of cancer has been investigated by a great
number of studies.

We have carried out a systematic review of
the literature to analyze the relevance of more
VDR polymorphisms (Fokl, Bsml, Tagql,
Apal, and Cdx2) for individual malignancies
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considering ethnicity as a key factor for
heterogeneity.

Up to December 2018, we identified 176
independent studies with data to assess the risk
of breast, prostate, colorectal, skin (melanoma
and non-melanoma skin cancer), lung, ovar-
ian, kidney, bladder, gallbladder, esophageal,
thyroid, head and neck, liver and pancreatic
cancer, oral squamous cell carcinoma, non-
Hodgkin lymphoma, multiple myeloma and
sarcoma.

Significant  associations ~ with VDR
polymorphisms have been reported for pros-
tate (Fokl, Bsml, Taql, Apal, Cdx2), breast
(Fokl, Bsml, Taql, Apal, CdX2), colorectal
(Fokl, Bsml, Taql, Apal), and skin cancer
(Fokl, Bsml, Taql). Very few studies reported
risk estimates for the other cancer sites.

Conflicting data have been reported for
most malignancies, and at present, it is still
not possible to make any definitive statements
about the importance of the VDR genotype for
cancer risk. It seems probable that other factors
such as ethnicity, phenotype, 25(OH)D plasma
levels, and UV radiation exposure play a role
as confounding factors and introduce
heterogeneity.

To conclude, there is some indication that
VDR polymorphisms may modulate the risk of
some cancer sites and in future studies VDR
genetic variation should be integrated also
with assessment of vitamin D status and
stratified by ethnicity.
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Introduction

Most vitamin D is derived from the action of
sunlight on the skin, and this source accounts
for about 80% of the total vitamin D [84]. Exoge-
nous vitamin D comes from dietary intake
through the consumption of foods that are natu-
rally rich in or fortified with it or through supple-
mentation [202]. The overall vitamin D reservoir
is the sum of cutaneous and nutritional vitamin D.

Pre-vitamin D undergoes two hydroxylations
to become biologically active [46]. First, vitamin
D3 from the skin and vitamins D2 and D3 from
the diet are metabolized in the liver to
25-hydroxyvitamin D (25[OH]D), which is the
main circulating vitamin D metabolite measured
to define the patient’s vitamin D status. The con-
version to its biologically active form, 1,25-
hydroxyvitamin D (1,25[OH]D), is under tight
hormonal control in the kidneys by the parathy-
roid hormone, in keeping with its important role
in calcium homeostasis.

The vitamin D status varies greatly with sea-
son (the highest levels are observed in late sum-
mer and autumn) and with body mass index
(BMI) (greater BMI is associated with lower 25
(OH)D).

In addition to the pivotal role of vitamin D in
the maintenance of musculoskeletal health, it has
also been shown to play an important role in other
metabolic pathways, such as those involved in the
immune response and cancer. It is emerging as a
critical regulator of pathogenic processes such as
pigmental disorders; cardiovascular, renal, infec-
tious, and autoimmune diseases; as well as sev-
eral types of cancers [55, 83, 147, 164—-167, 184,
195].

The active metabolite 1,25(OH)2D [84] seems
to play an important role in the development of
cancers by regulating the expression of tumor-
related genes and mediating inhibition of cell
growth, adhesion, migration, and angiogenesis
in vitro and in vivo [32, 41, 53, 58, 61, 80, 150,
156, 229]. It exerts its activity by binding to the
vitamin D receptor (VDR), an intracellular recep-
tor and member of the nuclear receptor family
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(locus on chromosome 12q12-14) that mediates
transcriptional activation and repression of target
genes. The VDR controls gene expression
through so-called vitamin D response elements
on the DNA. The binding of 1,25(OH)2D to
VDR is able to regulate hundreds of different
genes [23]. VDR is active in virtually all tissues
including the colon, breast, lung, ovary, bone,
kidney, parathyroid gland, pancreatic b-cells,
monocytes, T lymphocytes, melanocytes,
keratinocytes, and also cancer cells.

Several meta-analyses of observational studies
showed a reduced risk for some cancer sites
associated with high vitamin D status. A meta-
analysis published by Gandini et al. [64] showed
a significant inverse relationship between high
level of 25(OH)D levels and the risk of colorectal
cancer (CRC): a SRR of 0.85 (95%CI: 0.79-0.91)
for 10 ng/ml  increase in  serum
25-hydroxyvitamin D. This inverse association
was further confirmed by another meta-analysis
[207] that presents a SRR of 0.96 (95%CI:
0.94-0.97) for 100 IU/L increase of 25(OH)D.

High serum 25(OH)D levels were found to
significantly decrease the risk of bladder cancer
(SRR: 0.75; 95%CI: 0.65-0.87) in a meta-
analysis published by Berlin [19].

A meta-analysis on lung cancer risk showed
that vitamin D intake and serum 25(OH)D levels
each correlated inversely with lung cancer risk
[OR = 0.72 (95%CI: 0.61-0.85) and OR = 0.89
(95%CI: 0.83-0.97)]. Interestingly non-smokers
had higher vitamin D levels, which correlated
negatively with lung cancer risk (OR = 0.76,
95%CI: 0.65-0.88) [125]. Similar results were
found for breast cancer: 25(OH)D deficiency is
significantly associated with increased risk
(OR =191, 95%CI: 1.51-2.41), and supplemen-
tal vitamin D (OR = 0.97, 95%CI: 0.95-1.00,
P = 0.026) was inversely associated with breast
cancer risk [87].

A meta-analysis of randomized clinical trials
showed that vitamin D supplementations seem to
have little effect on total cancer incidence, but a
significant reduction in total cancer mortality
(400-833 IU per day, summary RR = 0.88,
95%CI = 0.78-0.98, I2 = 0%, 3 RCTs with
combined 1190 deaths) [110].
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Genetic variations of VDR may phenotypi-
cally appear as interindividual rate-limiting
variations of vitamin D synthesis in the skin,
hydroxylation in the liver and kidney, and trans-
portation, metabolism, and degradation that could
influence individual vitamin D status. Given that
single nucleotide polymorphisms (SNPs) in the
VDR gene could potentially influence the binding
of 1,25(0OH)2D, the transcriptional activity of the
receptor, and its binding to vitamin D response
elements and provided the antiproliferative
effects of vitamin D, VDR polymorphisms have
been hypothesized to be associated with
cancer risk.

The most frequently studied single nucleotide
VDR polymorphisms in association with cancer
risk are the restriction fragment length
polymorphisms Fokl (rs2228570) and Bsml
(rs1544410) [171, 212]. More recently, other
SNPs have been investigated: Tagl (rs731236),
Apal (rs7975232), and Cdx2 (rs11568820) [185].

Materials and Methods

We performed systematic literature search of
published studies evaluating the association
between VDR gene restriction fragment length
polymorphisms (RFLPs) Fokl, Bsml, Taql,
Apal, and Cdx2 and 19 types of cancer, including
breast (female and male), prostate, skin (mela-
noma and non-melanoma skin cancer), colon,
ovarian, kidney, bladder, brain, esophageal, gall-
bladder, gastric, liver, head and neck, lung, mul-
tiple myeloma, non-Hodgkin lymphoma,
pancreas, sarcoma, and thyroid and mixed cancer
sites. Estimates of risk are also available for sev-
eral ethnic groups (Caucasians, Asian, African,
African-American, Hispanic, and others).

Data Extraction and Data Analysis

Data have been extracted retrieving the following
information from each publication: authors, jour-
nal and year of publication, country of origin,
ethnic group of study population, number of
cases and controls for each VDR genotype and
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by variants status and adjustments used for risk
estimates.

We considered eligible for the present analysis
all independent papers from genotype-based epi-
demiological studies reporting frequency of VDR
polymorphisms, for cancers and controls, or
estimates of the association between the two
VDR polymorphisms and cancer, with a
corresponding measure of uncertainty (i.e., 95%
confidence interval (CI), standard error, variance,
or P-value of the significance of the estimate).

When available, we extracted fully adjusted
relative risk (RR) estimates separately for hetero-
zygous and minor allele homozygous subjects
compared to wild-type subjects. When adjusted
estimates were not available, we retrieved the
frequencies of VDR genotypes in cases and
controls and calculated the corresponding study-
specific crude odds ratio (OR), with 95%CI for
cancer risk, by cancer site. Since the reference
group for each polymorphism varied among the
studies, we considered the homozygous genotype
of the more prevalent allele as reference genotype
in our analyses. Articles were reviewed and data
were extracted and crosschecked independently
by two investigators. Any disagreement was
resolved by consensus among the two.

We presented forest plots of risk estimates by
cancer sites and ethnic groups.

When zero subjects with homozygous variants
were present among controls, we imputed 0.5 in
order to be able to calculate the risk estimate.

Exclusion Criteria

— Studies not independent from a study already
included, because based on the same popula-
tion or have in common a subgroup of popula-
tion. The one with the greater sample size is
preferred.

— Studies evaluating the risk of colorectal ade-
noma and benign prostatic hyperplasia.

— Studies that included as control group not
healthy subjects (e.g., benign prostatic
hyperplasia).

— Studies with too sparse data that included as
control group benign prostatic hyperplasia.

P. Gnagnarella et al.

— Studies with zero subjects in the wild-type
category among cases or controls.

— Studies that presented no risk estimates for
homozygous and heterozygous variants vs
wild-type and no crude data to calculate them.

— Studies that presented risk estimates only for
additive model.

— Studies for which the Minor Allele Frequency
(MAF) was strongly different from HapMap
MAF for the corresponding ethnic group.

Fok1 and Cancer

It has been hypothesized that a less active VDR
could be associated with either an increased sus-
ceptibility to cancer risk or a more aggressive
disease. The Fokl restriction fragment length
polymorphism, located in the coding region of
the VDR gene, results in the production of a
VDR protein that is three amino acids longer.
Although no significant differences in ligand
affinity, DNA binding, or transactivation activity
are found between these two VDR forms when
studied independently [70], in transient transfec-
tion assays with a vitamin D-responsive reporter
gene, the shorter VDR variant displays higher
potency than the longer one [216].

Breast Cancer

Fokl is the most frequently analyzed VDR poly-
morphism, and numerous studies examined its
association with breast cancer risk. Between
1999 and 2018, 25 studies have been published,
and they are summarized in Table 4.1 and
Figs. 4.1 and 4.2. Most of them were carried out
in the USA and Canada (n. 8 studies 32%) and in
European countries (n. 7 studies 28%). Twelve
studies (48%) were case-control studies with pop-
ulation controls, and 15 (60%) analyzed a Cauca-
sian population.

We also included a study investigating the
association between VDR gene polymorphism
with male breast cancer risk in a Turkish
population [111].
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(a)

Author

Fokl (ff vs FF)

Odds Ratio [95% CI]

Bre:
Curran, 1999 (Caucasian)
Guy, 2003 (Caucasian)
Johh: 2007 (Aftican-American)
John, 2007 (Caucasian)
John, 2007 (Hispanic)
Abbas, 200

Barroso, 200
Gapska, 2008 (Caucasian:
Sinotte, 2008 (Caucasan)
IcKay, 2009 (African-American)

Kay, 2009 (Asian)

Kay, 2009 (Caucasian)
IcKay, 2009 (Hispanic)
icKay, 2009 (Other-Hawaiian)

Anderson, 2011 (Caucasian;
izildag, 2011 (male) (Other]

,2012 (Caucasian)
Rollison, 2012 (Caucasian)
aomson 2012 (Hispanic)
hrman, 2013 (Caucasian)
|5hra 2013 (African-American)
Mishra, 2013

Caucasian)
‘{Caucas\ang
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S
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g
N
N
S,
wWT
N
£
3

Deschasaux,
Amadori, 2017 (Afric:
Amadori, 2017 Caucas\an)
Talaneh, 2017 (Other)
Shahabi, 2018 (Other,
Shaker, 2018 (African

(b)
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Author Odds Ratio [95% ClI]
Prostate

Correa-Cerro, 1999 (Caucasian) ——— 0.84 [0.31, 2.28]
Chokkalingam, 2001 (Asian) — 1.13[0.67, 1.91]
Oakley-Girvan, 2004 (African-American) —_— 0.70[0.18, 2.72]
Oakley-Girvan, 2004 (Caucasian) ——— 0.83[0.44, 1.55]
Yang, 2004 (Asian) ——t 0.62[0.26, 1.48]
Hayes, 2005 (Caucasian) —— 0.99[0.72, 1.35]
Mishra, 2005 (Other) - 0.25[0.09, 0.72]
Cicek, 2006 (Caucasian) —— 1.04[0.71, 1.52]
Huang, 2006 (Asian) i 0.79[0.55, 1.14]
Holick, 2007 (Caucasian) —— 1.22[0.87, 1.73]
Li, 2007 (Caucasian) il 1.09 [0.86, 1.40]
Mikhak, 2007 (Caucasian) —— 1.03[0.72, 1.46]
Rukin, 2007 (Caucasian) —— 1.11[0.71,1.72]
Torkko, 2008 (Caucasian) ——— 1.25[0.84, 1.87]
Bai, 2009 (Asian) —— 0.81[0.41, 1.61]
Holt, 2009 (African-American) i 0.30[0.05, 1.71]
Holt, 2009 (Caucasian) —— 1.07 [0.78, 1.48]
Torkko, 2008 (Hispanic) - 0.92[0.51, 1.66]
Rowland, 2013 (African-American) —t— 1.14[0.51, 2.51]
Rowland, 2013 (Caucasian) —— 1.32[0.99, 1.76]
Yousaf, 2014 (Other) ——— 0.37[0.08, 1.74]
Atoum, 2015 (Other) 1.23[0.40, 3.78]
Gilbert, 2015 (Caucasian) il 0.811[0.61, 1.09]
Deschasaux, 2016 (Caucasian) ————————— 1.06 [0.46, 2.48]
Nunes, 2016 (Mixed) 1.67 [0.75, 3.71]
Kambale, 2017 (Other) 1.31[0.32, 5.45]
Braczkowski, 2018 (Caucasian) 1.51[0.59, 3.91]
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Fig. 4.1 Forest plot for the association between Fok! ff and FF genotype for (a) breast cancer; (b) prostate cancer; (c)
colorectal cancer; (d) cancers of the pancreas, skin, and thyroid, sarcoma, pediatric solid tumors, and tobacco-related
cancers; (e) cancers of the kidney, liver, lung, and ovary, multiple myeloma, and non-Hodgkin lymphoma; (f) cancers of
the bladder, brain, esophagus, gallbladder, and head and neck and gastric cancer
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(c) Fokl (ff vs FF)
Author Odds Ratio [95% ClI]
CRC
Wong, 2003 (Asian) — 1.84 [1.15, 2.94]
Murtaugh, (rectal) 2006 (Caucasian) —— 1.08[0.80, 1.46]
Park, 2006 (Asian) HE— 0.35[0.19, 0.65]
Flugge, 2007 (Caucasian) ——— 1.32[0.79, 2.20]
Yaylim-Eraltan, 2007 (Other) ¢ - 4.711[0.48, 46.23]
Grunhage, 2008 (Caucasian) —_— 1.12[0.43, 2.97]
Ochs-Balcom, 2008 (Caucasian) — 1.87[1.03, 3.38]
Theodoratou, 2008 (Caucasian) HiH 1.02[0.87, 1.19]
Wang, 2008 (Asian) 2.51[1.21, 5.18]
Jenab, 2009 (Caucasian) —— 1.03[0.79, 1.34]
Li, 2009 (Asian) —a— 0.89[0.53, 1.47]
Slattery, 2009 colon (Caucasian) HiH 0.73[0.59, 0.90]
Mahmoudi, 2011 (Other) - — 0.85[0.66, 1.59]
Bentley, 2012 (Caucasian) —— 1.07 [0.59, 1.94]
Rasool, 2013 (Other) ——a— 1.30[0.86, 1.65]
Laczmanska, 2014 (Caucasian) —— 1.32[0.71, 2.46]
Sarkissyan, 2014 (Mixed) —— 0.34[0.12, 0.93]
Takeshige, 2015 (Asian) i 0.83[0.59, 1.17]
Alkhayal, 2016 (Asian) 1.38 [0.41, 4.59]
Cho, 2018 (Asian) i 0.92[0.68, 1.24]
Moossavi, 2018 (Other) > 4.8410.99, 23.62]

[ T T T T 1
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(d) Fokl (ff vs FF)
Author Odds Ratio [95% CI]
Pancreas
Li, 2015 (Asian) 2.98[1.84, 4.81]
Sarcoma
Ruza, 2003 (Ewing Sarcoma) (Caucasian) —_— 1.18[0.47, 2.93]
Ruza, 2003 (Osteosarcoma) (Caucasian) —— 0.52[0.19, 1.44]
Han, 2007 (BCC) (Caucasian) e 1.50 [0.98, 2.30]
Han, 2007 (Caucasian) ——— 1.40[0.86, 2.27]
Han, 2007 (SCC) (Caucasian) [ e — 1.41[0.92, 2.17]
Santonocito, 2007 (Caucasian) —_— 0.81[0.31, 2.09]
Li, 2008 (Caucasian) —— 1.08 [0.78, 1.49]
Gapska, 2009 (Caucasian) —— 0.99[0.80, 1.30]
Randerson-Moor, 2009 (Study: Leeds CCS1) (Caucasian) —— 1.03[0.73, 1.45]
Randerson-Moor, 2009 (Study: Leeds CCS2) (Caucasian) —_— 1.88 [1.25, 2.82]
Lesiak, 2011 (BCC) (Caucasian) —_ 7.85[3.88, 15.86]
Pena-chilet, 2013 (Caucasian) — 0.96 [0. 61 1.52]
Zeljic, 2014 (Caucasian) - 0.11[0.04, 0.29]
Cauci, 2017 (Caucasian) e 0.93[0.41, 2.14]
Thyroid
Penna-Martinez, 2009 (Follicular) (Caucasian) 3.75[1.45, 9.70]
Penna-Martinez, 2009 (Papillary) (Caucasian) —— 0.66 [0.31, 1.42]
Beysel, 2018 (Other) 2.44[1.29, 4.62]
Solid tumor pediatric
Bienertova-Vasku, 2016 (Caucasian) —_— 1.73[0.92, 3.28]
Tobacco-related cancers
Deschasaux, 2015 (Caucasian) —_— 1.87[1.08, 3.23]
I T T T T 1
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Fig. 4.1 (continued)
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(e)

Author

Fokl (ff vs FF)

Odds Ratio [95% Cl]

Kidney

Karami, 2008 (Caucasian)
Arjumand, 2012 (Other)
Southard, 2012 (Caucasian)
Yang, 2016 (Asian)

Liver
Falleti, 2010 (Caucasian)
Peng, 2014 (Asian)

Lung

Kaabachi, 2014 (African)

Wu, 2016 (Asian)

Gromowski, 2017 (Caucasian)

Multiple Myeloma
Shafia, 2013 (Other)
Chen, 2017 (Asian)

Non-Hodgkin's lymphoma
Purdue, 2007 (Caucasian)

Ovary

Clendenen, 2008 (Caucasian)
Tworoger, 2009 (Caucasian)
Lurie, 2011 (Caucasian)

Grant, 2013 (African-American)
Grant, 2013 (Caucasian)
Mohapatra, 2013 (Other)
Mostowka, 2016 (Caucasian)

(f)

171
1

0 05

Fokl (ff vs FF)

0.91[0.69, 1.19]
0.85[0.50, 1.46]
0.81[0.45, 1.46]
1.05[0.65, 1.70]

5[0.34, 2.15]
5[1.13, 4.08]

5.33[2.33, 12.10]
2.62[1.66, 4.14]

1.13[0.77, 1.66]

[0.61, 2.51]
[1.01, 157]
[

[0.43, 9.75]
[0.63, 1.43]
3.50 [1.02, 12.06]
1.551.00, 2.40]

Author Odds Ratio [95% Cl]
Bladder
Mittal, 2007 (Other) ——t 0.49[0.19, 1.25]
Ben Fradj, 2016 (African) 2.67[1.24, 5.74]
Brain
Anic, 2012 (Caucasian) ——— 0.89[0.62, 1.27]
Toptas, 2013 (Other) —— 0.430.20, 0.93]
Yilmaz, 2018 (pediatric) (Other) 0.47 [0.01, 15.03]
Esophageal
Chang, 2012 (Caucasian) —_—— 1.12[0.50, 2.50]
Gu, 2014 (Asian) —— 1.01[0.73, 1.40]
Gallbladder
Li, 2014 (Asian) - 0.29[0.19, 0.46]
Gastric
Cong, 2015 (Asian) — 1.90 [1.07, 3.34]
Yin, 2017 (Asian) —— 0.97 [0.65, 1.45]
Head and neck
Liu, 2005 (Caucasian) —— 0.64 [0.47, 0.87]
Huang, 2011 (Asian) —_— 1.00[0.56, 1.79]
Zeljic, 2012 (Caucasian) —_ 0.89[0.36, 2.20]
I T T T
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Fig. 4.1 (continued)
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(a)

Fokl (Ff vs FF)

Author Odds Ratio [95% CI]
Breast
Curran, 1999 (Caucasian) —— 1.08[0.60, 1.92
Guy, 2003 (Caucasian) — 0.96 [0.69, 1.33
John, 2007 (African-American) —_—— 1.29[0.84, 1.96
John, 2007 (Caucasian) —a—— 0.83[0.56, 1.24
John, 2007 (Hispanic) = 0.84[0.56, 1.27
Abbas 2008 (Caucasian) H 0.89[0.77, 1.03
Barroso 2008 (Caucasian H—— 1.26 [0.89, 1.66
Gapska, 2008 (Caucasian . 1.20 [1.02, 1.41
Sinotte, 2008 (Caucasian) Hm— 1.15[0.95, 1.40
McKay, 2009 (African-American) —H— 1.13[0.83, 1.56
McKay, 2009 (Asian) —— 1.06 [0.78, 1.45]
McKay, 2009 (Caucasian) - 1.05[0.97, 1.14
McKay, 2009 (Hispanic) —— 1.05[0.75, 1.48
McKay, 2009 (Other-Hawaiian) —— 1.02[0.61, 1.71
Anderson, 2011 (Caucasian) - 1.01[0.86, 1.17
Kizildag, 2011 (male) (Other) —— 0.70[0.25, 1.95
Engel, 2012 (Caucasian) H—— 1.30[0.90, 1.70
Rollison, 2012 (Caucasian) [ al 0.93[0.79, 1.11
Rollison, 2012 (Hispanic) i 0.93[0.72, 1.20
Fuhrman 2013$Cauca5|an) il 0.85[0.67, 1.09
Mishra, 2013 (African -American) 2.20[0.95, 5.10
Mishra, 2013 (His anlc) 1.00[0.50, 1.80
Shahbazi, 2013 (Other) —— 1.09[0.67, 1.77
Abd- Elsalam 2015 (African) L 1.07 [0.59, 1.94
Clendenen, 2015 (Caucasian) HH 0.99[0.87, 1.13
Nemenqanl 2015(A5|an) H——— 1.60[0.88, 3.22
Rashid, 2015 (Othe = 1.06 [0.84, 1.34
Deschasaux, 2016 (CaucaS|an) —— 0.99 QO.GQ, 1.44
Amadori, 2017 African) 6.67 [1.54, 28.84
Amadori, 2017 (Caucasian) 1.38 [0.54, 3.54
Talaneh, 2017 Other) 0.50[0.08, 3.06
Shahabi, 2018 (Other —_— 1.06 [0.50, 2.20
Shaker, 2018 (African _t 1.02[0.41, 2.54
I T T T T 1
0 05 1 2 3 4 5
(b) Fokl (Ff vs FF)
Author Odds Ratio [95% CI]
Prostate
Correa-Cerro, 1999 (Caucasian) —— 1.05[0.59, 1.87]
Chokkalingam, 2001 (Asian) —— 1.06 [0.69, 1.63]
Oakley-Girvan, 2004 (African-American) —— 0.52[0.29, 0.94]
Oakley-Girvan, 2004 (Caucasian) e 1.25[0.81, 1.91]
Yang, 2004 (Asian) —— 0.72[0.36, 1.45]
Hayes, 2005 (Caucasian) i 0.97 [0.78, 1.20]
Mishra, 2005 (Other) i 0.52[0.31, 0.86]
Cicek, 2006 (Caucasian) - 1.07 [0.81, 1.42]
Huang, 2006 (Asian) i 0.89[0.65, 1.21]
Holick, 2007 (Caucasian) —— 1.09[0.84, 1.41]
Li, 2007 (Caucasian) - 1.08[0.91, 1.30]
Mikhak, 2007 (Caucasian) - 1.25[0.97, 1.62]
Rukin, 2007 (Caucasian) - 1.13[0.83, 1.54]
Torkko, 2008 (Caucasian) —— 1.09[0.82, 1.43]
Bai, 2009 (Asian) — 1.32[0.73, 2.38
Holt, 2009 (African-American) — 1.20[0.64, 2.25]
Holt, 2009 (Caucasian) o 0.96 [0.76, 1.20]
Torkko, 2008 (Hispanic) —t— 1.13[0.71, 1.80]
Rowland, 2013 (African-American) - 1.02[0.72, 1.43]
Rowland, 2013 (Caucasian) '-.ﬁ—~ 1.06 [0.87, 1.30]
Yousaf, 2014 (Other) : 2.44[0.05, 124.96]
Atoum, 2015 (Other) —a— 0.85[0.47, 1.53]
Gilbert, 2015 (Caucasian) -l 1.10[0.90, 1.34]
Deschasaux, 2016 (Caucasian) t 1.86[0.98, 3.52]
Nunes, 2016 (Mixed) —— 1.19[0.74, 1.93]
Kambale, 2017 (Other) 2.13[1.23, 3.69]
Braczkowski, 2018 (Caucasian) —_— 1.13[0.52, 2.42]
I T T T T 1
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Fig. 4.2 Forest plot for the association between Fok! Ff and FF genotype for (a) breast cancer; (b) prostate cancer; (c)
colorectal cancer; (d) cancers of the pancreas, skin, and thyroid, sarcoma, pediatric solid tumors, and tobacco-related
cancers; (e) cancers of the kidney, liver, lung, and ovary, multiple myeloma, and non-Hodgkin lymphoma; (f) cancers of
the bladder, brain, esophagus, gallbladder, and head and neck and gastric cancer
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(c)

Fokl (Ff vs FF)

Author Odds Ratio [95% CI]
CRC

Wong, 2003 (Asian) P 1.51[1.00, 2.29]
Murtaugh, (rectal) 2006 (Caucasian) — 1.09[0.89, 1.34]
Park, 2006 (Asian) -— 0.57 [0.39, 0.84]
Flugge, 2007 (Caucasian) H—— 1.33[0.90, 1.97]
Yaylim-Eraltan, 2007 (Other) -— 0.11[0.03, 0.44]
Grunhage, 2008 (Caucasian) —— 1.09 [0.66, 1.79]
Ochs-Balcom, 2008 (Caucasian) —— 1.00 [0.65, 1.54]
Theodoratou, 2008 (Caucasian) L 1.12[1.00, 1.25]
Wang, 2008 (Asian) e ] 1.25[0.66, 2.39]
Jenab, 2009 (Caucasian) . 0.95[0.78, 1.15]
Li, 2009 (Asian) —t— 0.99 [0.63, 1.58]
Slattery, 2009 colon (Caucasian) i, 0.84[0.73, 0.97]
Mahmoudi, 2011 (Other) - 1.09[0.83, 1.43]
Bentley, 2012 (Caucasian) — 1.52[0.98, 2.35]
Rasool, 2013 (Other) —— 0.84 [0.60, 1.18]
Laczmanska, 2014 (Caucasian) —— 1.19[0.74, 1.93]
Sarkissyan, 2014 (Mixed) o 0.66 [0.38, 1.14]
Takeshige, 2015 (Asian) . 0.88[0.70, 1.10]
Alkhayal, 2016 (Asian) e 0.90[0.50, 1.63]
Cho, 2018 (Asian) L 0.83[0.66, 1.04]
Moossavi, 2018 (Other) _H— 1.58 [0.83, 2.99]

[ T T
0 05 1 2 3

(d) Fokl (Ff vs FF)
Author Odds Ratio [95% CI]
Pancreas
Li, 2015 (Asian) —_— 2.03[1.37,3.01]
Sarcoma
Ruza, 2003 (Ewing Sarcoma) (Caucasian) —_— 1.22[0.60, 2.49]
Ruza, 2003 (Osteosarcoma) (Caucasian) _— 1.50 [0.80, 2.79]
Skin
Han, 2007 (BCC) (Caucasian) —— 1.02[0.74, 1.41]
Han, 2007 (Caucasian) —— 0.96 [0.67, 1.37]
Han, 2007 (SCC) (Caucasian) —aH— 0.91[0.66, 1.24]
Santonocito, 2007 (Caucasian) —— 0.781[0.41, 1.47]
Li, 2008 (Caucasian) — 1.30 [1.05, 1.60]
Gapska, 2009 (Caucasian) i 0.91[0.70, 1.10]
Randerson-Moor, 2009 (Study: Leeds CCS1) (Caucasian) - 1.17 [0.91, 1.51]
Randerson-Moor, 2009 (Study: Leeds CCS2) (Caucasian) H—— 1.28[0.93, 1.75]
Lesiak, 2011 (BCC) (Caucasian) _— 4.87 [2.74, 8.65]
Pena-chilet, 2013 (Caucasian) —— 1.12[0.82, 1.51]
Zeljic, 2014 (Caucasian) i 0.32[0.16, 0.64]
Cauci, 2017 (Caucasian) 1 1.38[0.80, 2.37]
Thyroid
Penna-Martinez, 2009 (Follicular) (Caucasian) 1.80[0.81, 3.98]
Penna-Martinez, 2009 (Papillary) (Caucasian) —— 1.03[0.67, 1.57]
Beysel, 2018 (Other) I —1 1.71 [1.15, 2.76]
Solid tumor pediatric
Bienertova-Vasku, 2016 (Caucasian) ——— 1.44[0.77, 2.67]
Tobacco-related cancers
Deschasaux, 2015 (Caucasian) H—— 1.42[0.96, 2.10]
T T T

Fig. 4.2 (continued)
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e) Fokl (Ffvs FF)
Author Odds Ratio [95% Cl]
Kidney
Karami, 2008 (Caucasian) [l 0.90[0.73,1.11]
Arjumand, 2012 (Other) —_t 0.99[0.56, 1.74]
Southard, 2012 (Caucasian) —-—— 0.81[0.53, 1.24]
Yang, 2016 (Asian) —— 1.15[0.78,1.71]
Liver
Falleti, 2010 (Caucasian) - 0.95[0.54, 1.67]
Peng, 2014 (Asian) _ 1.73[0.98, 3.04]
Lung
Kaabachi, 2014 (African) i 0.58[0.40, 0.84]
Wu, 2016 (Asian) - 0.97[0.73,1.41]
Gromowski, 2017 (Caucasian) - 0.94[0.76,1.17]
Multiple Myeloma
Shafia, 2013 (Other) —_— 1.58[0.74, 3.38]
Chen, 2017 (Asian) —— 1.66 [1.30, 2.10]
Non-Hodgkin's lymphoma
Purdue, 2007 (Caucasian) —— 1.00[0.77,1.31]
Ovary
Clendenen, 2008 (Caucasian) —t—— 1.10[0.67,1 81]
Tworoger, 2009 (Caucasian) - 1.13[0.96, 1.33]
Lurie, 2011 (Caucasian) HEH 1.13[1.00, 1.29]
Grant, 2013 (African-American) L 1.12[0.52,2.43]
Grant, 2013 (Caucasian) .- 0.93[0.70, 1.23]
Mohapatra, 2013 (Other) — 1.00[0.36,2.81]
Mostowka, 2016 (Caucasian) —-— 1.06 [0.74,1.52]
[ T T T T 1
0 05 1 2 3 4 5
) Fokl (Ff vs FF)
Author Odds Ratio [95% CI]
Bladder
Mittal, 2007 (Other) - 0.60[0.39,0.91]
Ben Fradj, 2016 (African) —— 1.33[0.88, 2.01]
Brain
Anic, 2012 (Caucasian) HEH 0.75[0.59,0.97]
Toptas, 2013 (Other) ———t 0.78 [0.45, 1.35]
Yilmaz, 2018 (pediatric) (Other) —— 0.63[0.24, 1.65]
Esophageal
Chang, 2012 (Caucasian) —— 0.99[0.58, 1.70]
Gu, 2014 (Asian) ——— 0.91[0.70, 1.18]
Gallbladder
Li, 2014 (Asian) i 0.58 [0.41,0.83]
Gastric
Cong, 2015 (Asian) — 1.52[0.95, 2.45]
Yin, 2017 (Asian) . 0.89[0.65, 1.23]
Head and neck
Liu, 2005 (Caucasian) il 0.85[0.68, 1.06]
Huang, 2011 (Asian) —— 1.11[0.68,1.83]
Zeljic, 2012 (Caucasian) _— 1.38[0.58, 3.26]
I T T T T 1

Fig. 4.2 (continued)



4 Vitamin D Receptor Polymorphisms and Cancer

Only two studies [6, 201] found the Fokl ff
genotype significantly inversely associated with
breast cancer risk (OR = 0.71; 95%CI: 0.57-0.88
and OR = 0.20; 95%CI: 0.06-0.74, respectively).
It is unclear the reason for this association.
Anderson analyzed a big sample size and the
estimates were adjusted for age. However this
study presents a significant departure from
Hardy-Weinberg equilibrium for this polymor-
phism. In the most recent study conducted in
Iran [201], the authors suggested that the
observed discrepancies could be attributed to the
small number of participants, races, and risk
factors not considered in the analysis (analyses
not adjusted).

On the other hand, eight studies reported a
significant positive association [3, 5, 15, 65,
133, 149, 189, 191] between Fokl ff genotype
and breast cancer risk. The biggest study, Gapska
[65], found a 41% significant increased risk
(OR = 1.41; 95%CI: 1.16-1.71) in a Caucasian
population (Poland) including 1736 cases and
1484 controls. Another big study was performed
in Canada: Sinotte [191] found a significant
higher breast cancer risk (OR = 1.33, 95%
CI = 1.03-1.73), and this association was also
observed for women without family history of
breast cancer in first-degree relatives.

McKay [133] found a significant increase in
breast cancer risk associated with the ff genotype
in Japanese (OR = 1.63; 95%CI: 1.07-2.49) and
Caucasian (OR = 1.15; 95%CI: 1.02-1.28)
women in a multiethnic cohort study conducted
in USA.

The remaining studies found no significant
association (Figs. 4.1 and 4.2).

Analyzing Fokl Ff genotype, only two studies
found a significant increased risk of breast cancer:
Gapska [65] (OR = 1.20; 95%CI: 1.02-1.41) and
Amadori [5] (OR = 6.67; 95%CI: 1.54-28.84).

Amadori conducted the study on a mix popu-
lation (indigenous black Tanzanian and Cauca-
sian Italian population), but they found an effect
only in the African population, and this result
could also be given by the relatively limited sam-
ple size (18 cases and 50 controls). Finally,
Gapska identified an association between the
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Fokl polymorphisms and early-onset breast can-
cer risk in a Polish population [65].

In conclusion, the weight of the evidence tends
to indicate an association of breast cancer with
Fokl ff genotype. The most recent meta-analysis
published by Igbal [99] showed that the Fokl-f
allele was associated with breast cancer risk with
a recessive model, but the SOR was not statisti-
cally significant (Fokl ff+ Ffvs FF; SOR = 0.25,
95%CI: 0.896—1.759). The authors explained the
discrepancies may be due in part to variation in
linkage disequilibrium between these functional
and marker alleles. Further studies are necessary
to clarify these observations.

Prostate Cancer

Twenty-three eligible studies have been published
between 1999 and 2018 (Table 4.1, Figs. 4.1 and
4.2) analyzing the association between Fokl poly-
morphism of the VDR gene and prostate cancer
risk. They are carried out mainly in the USA (eight
studies), and the remaining 15 in China (three),
France (two), India (two), the UK, Australia,
Poland, Brazil, Jordan, Pakistan, Lebanon, and
Taiwan. Fourteen (61%) were case-control studies
with population controls, and 14 (61%) analyzed a
Caucasian population.

There was no strong evidence of altered risk of
developing prostate cancer analyzing the ff geno-
type. Two big studies with more than 1000 cases
[117, 179] were from the USA. The Fokl was not
directly associated with prostate cancer risk. An
increased risk was associated with the less func-
tional Fokl ff genotype only in the presence of
low 25(OH)D status [117] and only among Cau-
casian and for advanced disease [179].

Two studies carried out in India [107, 138]
found an association with prostate cancer risk.
Mishra found the Fokl1 ff and Ff genotype signifi-
cantly inversely associated with prostate cancer
risk (OR = 0.25; 95%CI: 0.09-0.72 and
OR = 0.52; 95%CI: 0.31-0.86, respectively).
This was the first report from an Indian popula-
tion, suggesting that the f allele could be protec-
tive in nature and hence less aggressive
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[219]. The most recent study [107] found an
opposite effect only for the Ff genotype
(OR =2.13;95%CI: 1.23-3.69). On the contrary,
Ff genotype was associated with a reduced risk of
prostate cancer in the study by Oakley-Girvan in
the USA; however, this association was found
only in the group of African-Americans [152].

The other studies failed in finding any signifi-
cant association. Two recent meta-analyses have
been published on prostate cancer [108, 136]. In
the overall analysis, both studies found that Fokl
polymorphism was not significantly associated
with the susceptibility to prostate cancer, but
they found a significant association in the sub-
group analysis for Caucasians and in the sub-
group of population-based controls.

The most recent study, published in Poland
[24], indicated a lack of relationship between
prostate cancer and the Fokl VDR gene
polymorphisms, but these results could also be
given by the relatively limited sample size.

In conclusion, there is no evidence of an asso-
ciation between the VDR gene Fokl polymor-
phism and prostate cancer risk, and further
studies are necessary to clarify possible
interactions with other factors.

Colorectal Cancer

Twenty-one studies presented data on Fokl and
colorectal cancer (CRC). Six studies were
performed in Asian countries (two in China, two
in Korea, one in Singapore, and one in Japan),
nine studies analyzed a Caucasian population,
and the reaming six studies were performed on
other populations [4, 131, 142, 175, 183, 224]
(Table 4.1, Figs. 4.1 and 4.2).

One big study conducted in the USA
suggested a significant 27% decreased risk of
CRC for ff genotype [193]: OR = 0.73 (95%CI:
0.59, 0.90). Accordingly, there are two other
small studies published by Sarkissyan [183] and
Park [160] suggesting a protective role of
65-66% for CRC, respectively.

Contrasting results were published by three
studies [154, 214, 217] reporting a significant
increased risk for CRC for ff variant versus FF.
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Two studies were performed in Singapore and
China [214, 217]: OR = 1.84 (95%CI: 1.15,
2.94) and OR = 2.51 (95%CT: 1.21, 5.18), respec-
tively. The third study was published in the USA
by Ochs-Balcom [154], OR = 1.87 (95%CI: 1.03,
3.38), but the sample size is limited (250 cases
and 246 controls). All the others suggest no effect
or increased risk.

For heterozygous genotype, three estimates
indicated a significant protective effect for Ff vs
FF ranging from 89% (OR = 0.11: 95%CI: 0.03,
0.44) in the very small study from Turkey [224]
to 43% in a study from Korea [160] (OR = 0.57:
95%ClI: 0.39, 0.84). The big study conducted in
the USA [193] suggested a more modest signifi-
cant decreased risk of 16% [193] OR = 0.84
(95%CI: 0.73, 0.97). Only two studies indicated
an increased risk for the heterozygous genotype,
Ff vs FF: a very big study conducted in the UK
[203] suggested a borderline significant increased
risk: OR = 1.12 (95%CI: 1.00, 1.25). They also
found a statistically significant interaction of
Fokl with vitamin D and calcium dietary intake.
Individuals homozygous for the variant and who
had a high dietary intake of vitamin D or calcium
had a higher risk compared with those homozy-
gous for the wild-type with a high dietary intake
of vitamin D and calcium. The other study
published by Wong [217] indicated an increased
risk of 51% in an Asian population (Singapore).

The most recent meta-analyses published in
2018 included 29 studies finding a borderline
significant association comparing F' allele versus
fin a mixed model (OR = 1.029, 95%CI: 0.999,
1.059) considering this polymorphism a risk fac-
tor for CRC.

Skin Cancer

Nine studies were found on Fokl and skin cancer,
and all were performed on Caucasian populations
(Table 4.1, Figs. 4.1 and 4.2). Three estimates
were reported for basal cell carcinoma or squa-
mous cell carcinoma [79, 116] and eight estimates
on melanoma. Seven studies were from Europe
and two from the USA (Table 4.1, Figs. 4.1 and
4.2).
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Three studies indicate positive associations
between ff and FF for skin cancer (Fig. 4.1).
Only one study reported an 88% significant
increased risk for melanoma in a second Leeds
case-control study [173], and one study published
in Serbia [231] reported a contrasting result. They
found a significant protective effect for the ff and
for Ff variants vs FF (OR = 0.11; 95%CT: 0.04,
0.29 and OR = 0.32; 95%CI: 0.16, 0.64, respec-
tively), but these results may be due to the small
sample size of the study [231].

A study performed in a Polish population
presented a significant and very-high-risk esti-
mate for ff variant (OR = 7.85; 95%CI: 3.88,
15.86) but also for Ff vs FF (OR = 4.87; 95%
CI: 2.74, 8.65) for basal cell carcinoma [116], but
the sample size of the study is quite small
(100 cases), and there is evidence of significant
departure from Hardy-Weinberg equilibrium.

The most recent meta-analysis published in
2015 [115] revealed no association between mel-
anoma and the Fokl F allele in all study subjects
(OR =1.016, 95%CI = 0.869-1.189, p = 0.839).
They also did not find association with melanoma
susceptibility also comparing recessive and dom-
inant models versus homozygote genotype [115],
while the previous meta-analysis published by
Zhao [232] found that Fokl polymorphism was
associated with an overall significant increased
risk of skin cancer (Ff vs FF: OR = 1.20, 95%
CI = 1.01-1.44; ff vs FF: OR = 1.41, 95%CI
=1.08-1.84; Ff + ff vs FF: OR = 1.26, 95%CI
=1.04-1.53)  including  melanoma  and
non-melanoma skin cancer.

Ovarian Cancer

Six studies evaluated the association with ovarian
cancer (Table 4.1, Figs. 4.1 and 4.2). Three stud-
ies reported positive risk estimates for FF geno-
type. A pooled analysis [209] of the New England
Case-Control study and a nested case-control
study of three prospective cohort studies (the
Nurses’ Health Study, NHSII, and the Women’s
Health Study) observed a significant positive
association between the number of Fokl f alleles
and ovarian cancer risks (p-trend = 0.03). The
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odds ratio for the ff versus FF genotype was 1.26
(95%CI: 1.01, 1.57).

Two other small studies found positive associ-
ation between ff and FF genotype. Mohapatra
[141] and Mostowska [144] found an increased
risk. The Indian study [141] showed that the ff
genotype was associated with a threefold increase
in ovarian cancer risk, and the authors also found
that vitamin D deficiency and VDR gene Fokl
polymorphism acted non-synergistically (p value
<0.4).

Only one study, Lurie [128], found a border-
line increased risk for the Ff heterozygous geno-
type (OR = 1.13; 95%CI: 1.00, 1.29) in a pooled
analysis of five population-based case-control
studies within the Ovarian Cancer Association
Consortium.

Two recent meta-analyses were published in
2018 analyzing the effect of the Fokl polymor-
phism on ovarian cancer susceptibility
[31, 122]. Li suggested that the recessive model
of the Fokl polymorphism (ff vs Ff/FF;
OR = 1.15, 95%CI: 1.05-1.18; p = 0.000,
I> = 67.9%) in Caucasian population (ff vs Ff/
FF; OR = 1.12, 95%CI: 1.05-1.19; p = 0.000,
I> = 73.2%) predicted the risk of ovarian cancer
[122]. The other meta-analysis showed a fixed-
effect odds ratio of 1.14 (95%CI 1.05-1.23)
under a dominant model. They found also that
the fixed-effect odds ratios were 1.12 (95%CI
1.03-1.21) and 1.49 (95%CI 1.06-2.09) in Cau-
casian and Asian populations, respectively.

Other Cancer Sites

Thirty-two publications for the other cancer sites
are available for 15 cancer sites (Table 4.1,
Figs. 4.1 and 4.2), and 2 studies were performed
on different sites, Deschasaux [47] on tobacco-
related cancers (2015) and Bienertova-Vaskia [21]
on pediatric solid tumors (2016).

Ten studies presented a significant increased
risk for ff genotype and gastric [42], multiple
myeloma [34, 186], liver [162], thyroid
[20, 163], bladder [17], pancreas [121], and
brain [205] cancers. The increased risk range
from an 87% [47] on different cancer sites to a
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fivefold increased risk reported by Shafia [186] in
a small study (75 cases and 150 controls)
conducted in India. Chen [34], Li [121], and
Beysel [20] reported a statistical increased risk
also for the Ff genotype versus FF and multiple
myeloma, pancreas, and thyroid cancers, respec-
tively, not found by the other studies.

Only three studies found a significant protec-
tive effect for ff and Ff genotype for gallbladder
cancer for head and neck cancer, for brain cancer
and for lung cancer (Figs. 4.1 and 4.2). Kabaki
et al. reported a protective role also for the Ff
variant vs FF. The other reports did not show
significant associations.

Bsm1 and Cancer

Bsml is located at the 3’ end of the VDR gene.
Since it is intronic, it apparently does not alter the
amino acid sequence of the translated VDR pro-
tein [143]; however, in Caucasians, it is in strong
linkage disequilibrium with the poly(A) microsat-
ellite located in the 3’ untranslated region which
appears to influence VDR messenger RNA stabil-
ity and VDR translational activity [210] and thus
affect local VDR protein levels. Some degree of
coupling with poly(A) microsatellite was
observed even in non-Caucasian populations,
but the strength of the linkage disequilibrium
varied by ethnicity [97]. A study of 599 healthy
men reported that those with the bb genotype at
the Bsm/ locus had, on average, 2.3 pg/mL lower
levels of 1,25(0OH),D; compared with BB carriers
[129], supporting the hypothesis that Bsm/ poly-
morphism may be a mediator for the cellular
effects of vitamin D.

Breast Cancer

With respect to breast cancer risk, 28 studies were
published in 10 years, from 1998 to 2018: 9 from
the USA or Canada, 9 from Asia, 6 from Europe,
4 from Egypt, 1 from Kazakhstan, and 1 from
Turkey (Table 4.1; Figs. 4.3 and 4.4). Seventeen
studies (61%) were hospital-based, nine (32%)
were population-based, and two (7%) included

P. Gnagnarella et al.

mixed controls (both hospital and healthy
subjects), and one was not reported (Table 4.1).

The biggest study is reported by McKay et al.
in 2009 [133] and pooled data from six smaller
cohort studies carried out in the USA and Europe,
including 6473 cases and 8397 controls. The
authors indicated no significant association over-
all between Bsml polymorphism and breast can-
cer; however, they found a significant 58% risk
reduction in the Asian subgroup (Japanese Amer-
ican) (OR = 0.60; 95%CI: 0.42-0.85) for hetero-
zygous Bb genotype versus bb. In the same study
in a subgroup analysis, they found a statistically
significant lower risk of advanced breast cancer
(OR = 0.74; 95%CTI: 0.60-0.92) in women of all
races with the Bsml BB genotype.

Summary estimates obtained in our previous
meta-analysis [172] suggested no association
between breast cancer and Bsm/ polymorphism,
with very similar estimates for heterozygous and
BB homozygous subjects: summary odds ratio
were indeed SOR = 0.99 (95%CI: 0.93-1.05)
and SOR = 0.98 (95%CI: 0.91-1.05) for Bb and
BB genotypes, respectively, compared with bb
genotype.

After that meta-analysis, 12 new studies were
published, most of all in Egypt (four) and
Medium-Oriental areas (four from Kazakhstan,
Pakistan, and Iran), with contrasting results. One
small study conducted in Egypt [2] on 130 cases
and 100 controls reported a protective effect of
the B allele on breast cancer risk, with a signifi-
cant risk reduction of 44% and 60%, respectively,
for Bb and BB genotypes versus bb. Similar
results for BB genotype were found in further
studies conducted in Kazakhstan [3], Pakistan
[174], and Iran [187], where a 32%, 33%, and
47% significant reduction of breast cancer risk
were found, respectively. On the other side,
other two small Egyptian studies [56, 189]
found a risk effect of B allele on breast cancer,
with ORs = 9.71 (95%CI: 2.61-36.11) and
OR = 2.51 (95%CI: 1.32-4.77) for Bb genotype,
respectively, but only Shaker found a significant
increased risk for BB genotype OR = 2.38 (95%
CI: 1.23-4.57). In the same direction, one study
on Caucasian subjects from the USA [177] found
a borderline significant increase of breast cancer
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(a) Bsml (BB vs bb)
Author 0Odds Ratio [95% ClI]
Rugglero 1998 (Caucasian) —_——— 1.18[0.42, 3.33]]
Hou, 2002 (Asian) 11.33 [0.37, 346.24;
Buyru 2003 (Other) o 0.76 [0.25, 2.29]
y, 2003 (Caucasian) HE— 0.53[0.34, 0.84]
Heﬂer 2004 (Caucasian r— 1.12 [0.80, 1.56]
VandeVord, 2006 (Mixe: e 0.81[0.47, 1.38
Trabert, 2007 EAfncan -American) L ] 1.25 [0.83, 1.88]
Trabert, 2007 (Caucasian) Hil 0.85[0.68, 1.08]
Gapska, 2008 (Caucasian) = 0.97 [0.77, 1.22
Sinotte, 2008 (Caucasian) I 0.81[0.62, 1.06]
McKay, 2009 %Afncan -American) - 0.91 [0.53, 1.57]
McKay, 2009 (Asian) —_—— 0.52[0.12, 2.26]
McKay, 2009 (Caucasian) H—-— 1.28 [0.86, 1.91
McKay, 2009 Hlspamc) —_—— 1.32[0.70, 2.48]
McKay, 2009 (Other) | L —— 1.05[0.31, 3.54]
McKay 2009 EEPIC)ECauCasianf HIH 0.93 [0.77, 1.13]
McKay, 2009 (MEC) (Caucasian - 0.85[0.56, 1.30]
McKay, 2009 }NHS&(Caucaman) HE— 0.91 [0.72, 1.15]
McKay, 2009 (PLCO) (Caucasian) - 1.21[0.94, 1.56
McKay, 2009 %WHS) (Caucasian) —— 0.94 [0.67. 1.31
Anderson 20 1(Caucaswan) HEH 1.02[0.83, 1.25
g, 2012 (Asian) 4.73%0.16, 141.80
Rolllson 2012 (Caucasian) - 1.05[0.83, 1.33]
Rollison, 20126H|span|c) —— 1.24 [0,83. 1.86]
Akilzhanova, 2013 (Oth HE— 0.68 [0.49, 0.95]
Fuhrman, 2013§Caucas|an) i 0.69 [0.49, 0.97]
Mishra, 2013 (African -American) Pt 0.58 [0.21, 1.64
Mishra, 2013 (Hispanic) —_——— 1.44[0.63, 3.31
Shahbazi, 2013 (Other’ - 0.42[0.21, 0.85
Abd-Elsalam, 2015 (Other) — 0.40[0.18, 0.90]
Cleneden, 2015(Caucaswan) HH 1.03[0.86, 1.2
Guo, 2015(A 1.54[0.10, 24.79]
Reimers, 2015 Caucaslan) —-— 1.35[1.00, 1.82
Deschasaux, 2016 (Caucasian) - 0.67[0.41, 1.09]
Rashid, 2016 (Othe er) HEH 0.6750.50, 0.90]
Elzehery, 2017 (Other) 3.40[0.77, 14.
Haikal, 2017 (Other) o S — 0.88 %0.26, 2.97
Talaneh, 2017 (Other’ 8.49[1.06, 68.21
Shahabi, 2018 EOIher; i 0.53[0.32, 0.8
Shaker, 2018 (Other) | — 2.38[1.23, 4.57
T T T T 1
0 05 1 2 3 4 5
(b) Bsml (BB vs bb)
Author Odds Ratio [95% Cl]
Prostate
Ingles, 1998 (African-American) ——— 0.91[0.45, 1.84]
Habuchi, 2000 (Asian) et 0.60[0.19, 1.89]
Chokkalingam, 2001 (Asian) 1.06 [0.30, 3.67]
Liu, 2003 (Asian) 1.05[0.02, 53.59]
Nam, 2003 (African-American) 1.25[0.33, 4.69]
Nam, 2003 (Asian) 1.09 [0.11, 11.15]
Nam, 2003 (Caucasian) i 0.88[0.62, 1.24]
Suzuki, 2003 (Asian) 4.29[0.84, 22.02]
Huang, 2004 (Asian) - 0.40[0.08, 2.00]
Oakley-Girvan, 2004 (African-American) o E— 0.98 [0.34, 2.50]
Oakley-Girvan, 2004 (Caucasian) — 0.93[0.49, 1.80]
Hayes, 2005 (Caucasian) il 0.87 [0.65, 1.17]
Chaimuangraj, 2006 (Asian) —_— 0.29[0.06, 1.54]
Cicek, 2006 (Caucasian) ——— 0.72[0.41, 1.28]
Holick, 2007 (Caucasian) - 0.87 [0.61, 1.25]
Li, 2007 (Caucasian) 1.05[0.83, 1.33]
Mikhak, 2007 (Caucasian) - 1.18[0.84, 1.66]
Onen, 2008 (Other) ——— 0.78 [0.35, 1.74]
Bai, 2009 (Asian) 0.47 [0.02, 14.26]
Holt, 2009 (African-American) 3.92[1.40, 10.95]
Holt, 2009 (Caucasian) — 0.98[0.71, 1.35]
Szendroi, 2011 (Caucasian) 3.71[1.84, 7.51]
Gilbert, 2015 (Caucasian) i 1.02[0.77, 1.35]
Deschasaux, 2016 (Caucasian) ——— 0.81[0.34, 1.92]
Nunes, 2016 (Other) —— 0.65[0.31, 1.34]
El Ezzi, 2017 (Caucasian) 1.36 [0.50, 3.73]
Braczkowski, 2018 (Caucasian) _— 0.94[0.31, 2.81]
[ T T T T 1
0 05 1 2 3 4 5

Fig. 4.3 Forest plot for the association between BsmI BB and bb genotype for (a) breast cancer; (b) prostate cancer; (c)
colorectal cancer; (d) cancers of the pancreas, skin, and thyroid, pediatric solid tumors, and tobacco-related cancers; (e)
cancers of the lung and ovary, multiple myeloma, and non-Hodgkin lymphoma; (f) cancers of the brain, esophagus,
gallbladder, head and neck, kidney, and liver
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(c)

Bsml (BB vs bb)

Author Odds Ratio [95% ClI]
CRC

Speer, 2001 (Caucasian) [ — 1.04 [0.44, 2.49]
Park, 2006 (Asian) 0.87[0.03, 26.07]
Flugge, 2007 (Caucasian) —— 1.10[0.65, 1.88]
Kadiyska, 2007 (Caucasian) —— 0.55[0.25, 1.24]
Slattery, (colon) 2007 (Caucasian) HEH 0.88[0.72, 1.08]
Slattery, (rectal) 2007 (Caucasian) —— 0.94 [0.70, 1.25]
Li, 2008 (Asian) —— 0.44[0.21, 0.92]
Parisi, 2008 (Caucasian) - 0.89[0.44, 1.80]
Theodoratou, 2008 (Caucasian) HRH 0.93[0.79, 1.08]
Jenab, 2009 (Caucasian) Hi— 0.76 [0.59, 0.98]
Hughes, 2011 (Caucasian) - 0.93[0.66, 1.30]
Mahmoudi, 2011 (Other) —a— 0.97 [0.65, 1.44]
Gunduz, 2012 (Other) —_— 0.54[0.12, 2.52]
Laczmanska, 2014 (Caucasian) —a— 0.53[0.26, 1.06]
Rasool, 2014 (Other) - 0.37[0.21, 0.67]
Sarkyssyan, 2014 (Other) [ e —— 1.20[0.52, 2.79]
Takeshige, 2015 (Asian) ——— 0.7210.28, 1.86]
Alkhayal, 2016 (Other) - 0.49[0.22, 1.08]
Vidigal, 2017 (Other) —— 0.89[0.48, 1.62]

[ T T T
0 05 1 2 3

(d)

Bsml (BB vs bb)

Author Odds Ratio [95% CI]
Pancreas
Li, 2015 (Asian) —_— 1.68 [1.06, 2.65]
Skin
Santocito, 2000 (Caucasian) —a-— 0.29[0.12,0.71]
Han, 2007 (Caucasian) ——— 0.89 [0.54, 1.48]
Han, 2007 (BCC) (Caucasian) —— 1.01[0.66, 1.56]
Han, 2007 (SCC) (Caucasian) P 1.51[1.00, 2.28]
Li, 2008 (Caucasian) il 0.78 [0.59, 1.05]
Gapska, 2009 (Caucasian) —— 0.92[0.67, 1.27]
Randerson-Moor, 2009 (Study: Leeds CCS1) (Caucasian) —— 1.00[0.71, 1.41]
Randerson-Moor, 2009 (Study: Leeds CCS2) (Caucasian) ——h 0.69[0.45, 1.06]
Lesiak, 2011 (BCC) (Caucasian) - 0.65[0.35, 1.22]
Burns, 2017 (Caucasian) —_— 0.7410.31, 1.79]
Cauci, 2017 (Caucasian) —_— 1.23[0.60, 2.52]
Thyroid
Penna-Martinez, 2009 (Foolicular)(Caucasian) —.— 0.35[0.11,1.12]
Penna-Martinez, 2009 (Papillary) (Caucasian) P 0.84[0.46, 1.56]
Beysel, 2018 (Other) —— 0.67 [0.33, 1.36]
Solid tumor pediatric
Bienertova-Vasku, 2016 (Caucasian) —_—— 1.27[0.72,2.21]
Tobacco-related cancers
Deschasaux, 2015 (Caucasian) —— 0.73[0.42,1.27]
I T T T
0 05 1 2 3

Fig. 4.3 (continued)
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(e)

Author

Bsml (BB vs bb)

0dds Ratio [95% CI]

Lung

Dogan, 2009 (Other)
Kaabachi, 2014 (Other)

Wu, 2016 (Asian)

Gromowski, 2017 (Caucasian)

Multiple Myeloma
Shafia, 2013 (Other)

Non-Hodgkin's lymphoma
Purdue, 2007 (Caucasian)
Purdue, 2007 (Mixed)
Smedby, 2010 (Caucasian)

Ovary

Lurie, 2007 (Asian)

Lurie, 2007 (Caucasian)
Cleneden, 2008 (Caucasian)
Tworoger, 2009 (Caucasian)

Grant, 2013 (African-American)

Grant, 2013 (Caucasian)
Mostowska, 2016 (Caucasian)

(f)

0 05 1 2 3

Bsml (BB vs bb)

0.63[0.31, 1.28]
0.89[0.48, 1.62]
0.78[0.68, 0.96]
0.88[0.64, 1.19]

0.46[0.23, 0.91]

0.94[0.68, 1.31]
1.14[0.80, 1.63]
1.11[0.93, 1.34]

0.90 [0.20, 4.00]
1.30 [0.50, 3.30]
1.08 [0.54, 2.17]
0.95[0.76, 1.18]
1.68 [0.26, 10.64]
1.01[0.68, 1.50]
1.62[0.96, 2.73]

Author Odds Ratio [95% CI]
Brain
Anic, 2012 (Caucasian) - 0.77[0.53, 1.12]
Yilmaz, 2017 (pediatric) (Other) 1.10 [0.30, 4.04]
Esophageal
Chang, 2012 (Caucasian) i 1.59 [0.75, 3.40]
Gallbladder
Li, 2014 (Asian) - 1.21[0.75, 1.95]
Head and neck
Huang, 2011 (Asian) 0.33[0.03, 3.22]
Zeljic, 2012 (Caucasian) 0.25[0.01, 5.11]
Kidney
Obara, 2007 (Asian) 0.53 [0.02, 15.95]
Karami, 2008 (Caucasian) - 0.85[0.61, 1.18]
Arjumand, 2012 (Other) Hl— 0.38[0.22, 0.66]
Yang, 2016 (Asian) 1.04 [0.02, 52.57]
Liver
Falleti, 2010 (Caucasian) —— 0.58[0.26, 1.32]
Hung, 2014 (Asian) 1.05[0.02, 53.37]
I T T T
0 05 1 2 3

Fig. 4.3 (continued)
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(a) Bsml (Bb vs bb)
Author Odds Ratio [95% Cl]
Breast
Ruggiero, 1998 (Caucaslan) —— 0.57[0.25, 1. 28
Hou, 2002 (Asian) 2.12[0.76, 5.9
Buyru 2003 (Other) [ 0.9310.50, 1. 72
Guy, 2003 (Caucasian) HE— 0.65 [0.48, 0.87]
Hefler 2004 (Caucasian) - 0.98 [0.77, 1.25]
VandeVord 2006 (Mixed) b 1.19 [0.78‘ 1.84]
Trabert, 2007 (African-American) - 0.97 [0.73, 1.28]
Trabert, 2007 (Caucasian) HEH 0.92[0.75, 1.12]
Gapska, 2008 (Caucasian) HH 0.97[0.83, 1.13]
Sinotte, 2008 ECaucasian) HEH 0.98 [0.81, 1.18]
McKay, 2009 (African-American) - 1.10[0.80, 1.51
McKay, 2009 (Asian) i 0.60 [0.42, 0.85
McKay, 2009 (Caucasian) —— 1.22[0.90, 1.66]
McKay, 2009 (Hispanic) - 0.91 [0,66, 1.26]
McKay, 2009 (Other ——— 1.23[0.74, 2.04]
McKay, 2009 (EPIC) (Caucasian) HEH 1.02[0.89, 1.17]
McKay, 2009 EMEC) ((Caucaslang —— 1.02 [0,74, 1.41
McKay, 2009 (NHS) (Caucasian HiH 1.01[0.85, 1.20
McKay, 2009 (PLCO) (Caucasian) HEH 0.87[0.72, 1.05]
McKay, 2009 (WHS) (Caucasian) —— 1.011[0.78, 1.31
Anderson, 2011 (Caucasian) Ll 1.09 [0.93, 1.27
Huang, 2012 (Asian) H— 1.58 [0.89, 2.80]
Rollison, 2012 (Caucasian) - 1.11[0.93, 1.33
Rollison, 2012 (Hispanic) Ha— 1.13[0.89, 1.43
Fuhrman, 2013 #Caucasian) i 0.81 [0,63, 1.04]
Mishra, 2013 (African-American) s 0.66 [0.36, 1.24]
Mishra, 2013 (Hispanic) L ] 1.18[0.75, 1.86]
Shahbazn 2013 (¢ Oherz1 —— 0.95 [0.57, 1.59]
Abd-Elsalam, 2015 (Other) ] 0.56 [0.31, 1.00]
Cleneden, 2015 (Caucasian) HH 1.06 [0.93, 1.21
Guo, 2015 (Asian) H—— 1.42[0.86, 2.33]
Reimers, 2015 (Caucasian) - 1.11[0.84, 1.46]
Deschasaux, 2016 (Caucasian) i 0.85[0.59, 1.83]
Rashid, 2016 (Other) e 0.84 [0.65, 1.09]
Elzehery, 2017 (Other) I — 9.71[2.61,36.11
Haikal, 2017 (Other) I e 0.62 [0.20, 1.95
Talaneh, 2017 (Other) L e — 1.27 [0.49, 3.3;
Shahabi, 2018 (Other) e 1.19[0.71, 2.00]
Shaker, 2018 (Other) 2.51[1.32, 4.77
r T T T T 1
0 05 1 2 3 4 5
(b) Bsml (Bb vs bb)
Author Odds Ratio [95% CI]
Prostate
Ingles, 1998 (African-American) —_— 0.94 [0.59, 1.50]
Habuchi, 2000 (Asian) - 0.26[0.16,0.43]
Chokkalingam, 2001 (Asian) L S— 1.01[0.54, 1.90]
Liu, 2003 (Asian) 1.40[0.47,4.20]
Nam, 2003 (African-American) [ E— 0.74[0.30, 1.81]
Nam, 2003 (Asian) 1.64 [0.35, 7.60]
Nam, 2003 (Caucasian) ] 0.87 [0.64, 1.19]
Suzuki, 2003 (Asian) [ — 1.22[0.59, 2.52]
Huang, 2004 (Asian) ——h 0.50 [0.24, 1.05]
Oakley-Girvan, 2004 (African-American) —_—— 0.90[0.51, 1.60]
Oakley-Girvan, 2004 (Caucasian) ——— 1.30[0.78,2.10]
Hayes, 2005 (Caucasian) ] 0.84[0.67, 1.05]
Chaimuangraj, 2006 (Asian) 0.95[0.28,3.18]
Cicek, 2006 (Caucasian) —— 0.75[0.51, 1.11]
Holick, 2007 (Caucasian) - 0.77[0.59, 0.99]
Li, 2007 (Caucasian) i 0.98[0.82,1.17]
Mikhak, 2007 (Caucasian) —-— 0.94[0.72,1.23]
Onen, 2008 (Other) —— 0.69 [0.42, 1.14]
Bai, 2009 (Asian) —— 0.36 [0.15, 0.85]
Holt, 2009 (African-American) 3.36[1.19,9.46]
Holt, 2009 (Caucasian) i 1.09[0.87,1.38]
Szendroi, 2011 (Caucasian) 2.94[1.71,5.06]
Gilbert, 2015 (Caucasian) - 1.08[0.88, 1.32]
Deschasaux, 2016 (Caucasian) — 1.13[0.57,2.22]
Nunes, 2016 (Other) ——— 1.16 [0.71, 1.90]
El Ez, 2017 (Caucasian) —_— 1.40[0.66, 2.97]
Braczkowski, 2018 (Caucasian) — 0.88[0.44,1.77]
l T T T T 1
0 05 1 2 3 4 5

Fig. 4.4 Forest plot for the association between Bsml Bb and bb genotype for (a) breast cancer; (b) prostate cancer; (¢)
colorectal cancer; (d) cancers of the pancreas, skin, and thyroid, pediatric solid tumors, and tobacco-related cancers; (e)
cancers of the lung and ovary, multiple myeloma, and non-Hodgkin lymphoma; (f) cancers of the brain, esophagus,
gallbladder, head and neck, kidney, and liver
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(c) Bsml (Bb vs bb)

Author Odds Ratio [95% CI]

CRC

Speer, 2001 (Caucasian)

Park, 2006 (Asian)

Flugge, 2007 (Caucasian)
Kadiyska, 2007 (Caucasian)
Slattery, (colon) 2007 (Caucasian)

— 0.65[0.32, 1.36]
—_— 1.36[0.78, 2.37]
e 0.95[0.65, 1.38]
—— 0.55[0.30, 1.01]
HH 1.01[0.87,1.17]
Slattery, (rectal) 2007 (Caucasian) - 0.88[0.72, 1.08]
Li, 2008 (Asian) — 0.55[0.34,0.87]
Parisi, 2008 (Caucasian) —t— 1.01[0.61,1.67]
[
i
b
L
—_—
——

1

Theodoratou, 2008 (Caucasian) 0.88[0.79, 0.99]
Jenab, 2009 (Caucasian)
Hughes, 2011 (Caucasian)
Mahmoudi, 2011 (Other)
Gunduz, 2012 (Other)
Laczmanska, 2014 (Caucasian)

— 1.06 [0.87, 1.28]
i 1.02[0.80, 1.30]
e 1.11[0.83,1.49]
0.28 [0.09, 0.88)
0.38[0.17,0.83]

Rasool, 2014 (Other) [ 0.15[0.09, 0.26)
Sarkyssyan, 2014 (Other) — 0.97 [0.58, 1.63]
Takeshige, 2015 (Asian) —— 0.98[0.75, 1.29]
Alkhayal, 2016 (Other) [ 0.81[0.44, 1.50]
Vidigal, 2017 (Other) —— 1.00 [0.66, 1.52]
[ T T T 1
0 05 1 2 3 4 5

(d)

Bsml (Bb vs bb)

Author 0Odds Ratio [95% CI]
Pancreas
Li, 2015 (Asian) —t— 1.09 [0.71, 1.66]
Skin
Santocito, 2000 (Caucasian) ——— 0.74[0.40, 1.40]
Han, 2007 (Caucasian) - 0.85[0.60, 1.22]
Han, 2007 (BCC) (Caucasian) o 0.90 [0.65, 1.23]
Han, 2007 (SCC) (Caucasian) —— 1.05[0.76, 1.45]
Li, 2008 (Caucasian) HEH 0.75[0.60, 0.93]
Gapska, 2009 (Caucasian) i 0.911[0.73,1.13]
Randerson-Moor, 2009 (Study: Leeds CCS1) (Caucasian) —m— 0.93[0.72, 1.20]
Randerson-Moor, 2009 (Study: Leeds CCS2) (Caucasian) e 0.81[0.59, 1.11]
Lesiak, 2011 (BCC) (Caucasian) ——— 0.76 [0.45, 1.29]
Burns, 2017 (Caucasian) —_—t 1.32[0.60, 2.88]
Cauci, 2017 (Caucasian) —_— 1.45[0.78, 2.71]
Thyroid
Penna-Martinez, 2009 (Foolicular)(Caucasian) —_—— 0.711[0.35, 1.47]
Penna-Martinez, 2009 (Papillary) (Caucasian) —— 0.95[0.59, 1.54]
Beysel, 2018 (Other) e 0.84[0.44, 1.64]
Solid tumor pediatric
Bienertova-Vasku, 2016 (Caucasian) —— 0.67 [0.42, 1.05]
Tobacco-related cancers
Deschasaux, 2015 (Caucasian) —— 1.15[0.77, 1.70]
l T T T T 1
0 05 1 2 3 4 5

Fig. 4.4 (continued)
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(e)

Author

Bsml (Bb vs bb)

Odds Ratio [95% Cl]

Lung

Dogan, 2009 (Other)
Kaabachi, 2014 (Other)

Wu, 2016 (Asian)

Gromowski, 2017 (Caucasian)

Multiple Myeloma
Shafia, 2013 (Other)

Non-Hodgkin's lymphoma
Purdue, 2007 (Caucasian)
Purdue, 2007 (Mixed)
Smedby, 2010 (Caucasian)

Ovary

Lurie, 2007 (Asian)

Lurie, 2007 (Caucasian)
Cleneden, 2008 (Caucasian)
Tworoger, 2009 (Caucasian)
Grant, 2013 (African-American)
Grant, 2013 (Caucasian)
Mostowska, 2016 (Caucasian)

(f)

Author

i
tol

1
1

0 05 1 2 3

Bsml (Bb vs bb)

0.55[0.33,0.92]
0.83[0.53, 1.31]
0.79[0.64, 1.13]
1.10 [0.90, 1.35]

0.78[0.39, 1.56)

1.01[0.79, 1.28]
1.31[1.00,1.72]
1.01[0.88, 1.16]

1.40[0.70, 2.80]
1.20[0.60, 2.40]
1.20(0.71,2.04]
110 [0.94, 1.30]
0.50 [0.24, 1.04]
1.20[0.90, 1.61]
156 [1.11,2.18]

Odds Ratio [95% CI]

Brain
Anic, 2012 (Caucasian)
Yilmaz, 2017 (pediatric) (Other)

Esophageal
Chang, 2012 (Caucasian)

Gallbladder
Li, 2014 (Asian)

Head and neck
Huang, 2011 (Asian)
Zeljic, 2012 (Caucasian)

Kidney

Obara, 2007 (Asian)
Karami, 2008 (Caucasian)
Arjumand, 2012 (Other)
Yang, 2016 (Asian)

Liver

Falleti, 2010 (Caucasian)
Hung, 2014 (Asian)

Fig. 4.4 (continued)

0.90[0.70, 1.16]
1.16 [0.37, 3.58]

0.96 [0.55, 1.66]

1.52[1.00, 2.32]

0.86 [0.48, 1.53]
1.73[0.90,3.32]

0.86 [0.51, 1.46]
0.97 [0.79,1.18]
0.431[0.26,0.71]
1.32[0.83,2.10]

0.55[0.30, 1.00]
0.67[0.25, 1.80]
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risk for BB compared to bb genotype. Other stud-
ies did not report significant association between
breast cancer risk and Bsml polymorphism
(Figs. 4.3 and 4.4).

In conclusion, while on average it seems that
no association existed between breast cancer risk
and Bsm1 polymorphism, recent studies provided
very heterogeneous estimates even in populations
of similar ethnic group, and this may be
warranted to be investigated in future studies
and possibly in subgroup analyses.

Prostate Cancer

With respect to prostate cancer, 23 studies
published between 1988 and 2018 were found:
8 from the USA or Canada, 7 from Asia, 4 from
Europe, and 1 each from Australia, Brazil,
Lebanon, and Turkey (Table 4.1; Figs. 4.3 and
4.4). Fourteen studies (52%) were hospital-based;
others are population-based (Table 4.1).

In a previous meta-analysis published in 2014
[172], SORs were 0.86 (95%CI: 0.69-1.08) and
095 (95%CI: 0.85-1.07) for Bb and BB
genotypes, respectively, compared with bb
genotype.

Generally, the results of studies on Bsm/ and
prostate cancer are controversial. Heterozygous
Bb risk estimates give us an indication of protec-
tive effect compared to bb in earlier studies, while
in recent ones, the ORs were usually above 1.00
[48, 54, 67, 151], although results were not sig-
nificant. The biggest study (the Physicians’
Health Study, with 1066 cases) [117] indicated
no significant association.

Hayes [81], Cicek [38], Holick [84], Onen
[155], Deschasaux [48], Nunes [151], and
Braczkowski [24] showed a non-significant
decreased risk of BB for developing prostate can-
cer as compared to bb genotypes. Only two
studyies conducted in Hungary [199] and USA
[86] suggested a significant almost 3-fold
increased risk of prostate cancer for both BB and
Bb vs wild-type bb genotype.
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In conclusion, the studies included in this
review seem to be not able to demonstrate a
strong association between the VDR gene Bsm1
polymorphism and prostate cancer risk.

Colorectal Cancer

Eighteen studies presented data on Bsm/ and
colorectal cancer. Eight were from Europe, six
from Asia, and two from the USA, one was
from Turkey, and one was from Brazil (Table 3;
Figs. 4.3 and 4.4). The two biggest studies with
more than 1000 subjects were conducted in the
USA [192] and Europe [101]. Twelve studies
(67%) were hospital-based, while the remaining
were population-based.

Our previous meta-analysis [172] suggested a
significant risk reduction of colorectal cancer for
carriers of BB genotype compared to carriers of
bb genotype (SOR = 0.89; 95%CI: 0.80-0.98),
with no evidence of between-study heterogeneity
(I> = 0%). This result was mainly due to the big
study conducted in Europe, a nested case-control
study within the European Prospective Investiga-
tion into Cancer and Nutrition [101], which
indeed suggested a reduction of 24% for colon
cancer risk for carriers of BB genotype.

Five studies on different ethnic groups were
published after the above-cited meta-analysis, and
all of them confirmed a trend of colorectal cancer
reduction for BB genotype carriers, with signifi-
cant results obtained in the study by Rasool et al.
[176]: OR = 0.37 (95%CI: 0.21-0.67).

A trend of colorectal cancer risk reduction was
also suggested for Bb genotype compared to bb
genotype carriers. SOR (95%CI) from the
published meta-analysis [172] was 0.88 (95%CI:
0.77-1.01); in line with this result, the five
recently published studies reported inverse asso-
ciation with colorectal cancer risk, with signifi-
cant risk reduction of 62% and 85%, respectively,
observed in the study by Laczmanska et al. [114]
and Rasool et al. [176].
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In conclusion, publications up to now are sug-
gestive of a protective effect of the Bsm/ both BB
and Bb variant allele on colorectal cancer risk.

Skin Cancer

In eight studies, seven estimates were retrieved on
Bsml and melanoma and four estimates on non-
melanoma skin cancer (NMSC). Five studies
were from Europe and 4 from the USA
(Table 4.1; Figs. 4.3 and 4.4). Half of the studies
were hospital-based and half population-based
(table).

Our previous meta-analysis [172] reported a
significant protective effect of Bb genotype
(SOR = 0.86; 95%CI: 0.76-0.98) and borderline
protective effect of BB genotype (SOR = 0.87;
95%CI: 0.70-1.08) compared to bb genotype on
overall skin cancer risk.

Only one study [78] reported data for squa-
mous cell carcinoma (SCC), and the BB genotype
was significantly associated with increased cancer
risk (OR = 1.51, 95%CI: 1.00-2.28).

Recently, 2 small studies were published:
1 from Italy [27] included 120 melanoma cases
and the second one from the USA [25] 97 NMSC
cases. No association was found between Bsml
polymorphism and skin cancer, with ORs surpris-
ingly above 1.00 for carriers of B allele.

The relative low number of studies on the
association between melanoma and NMSC with
Bsm1 polymorphism makes it difficult to reach a
firm conclusion, although most of the published
studies and our previous meta-analysis seem to
suggest a protective effect of the B allele on skin
cancer risk.

Ovarian Cancer

Five studies evaluated the association with ovar-
ian cancer: three were from the USA, one was
mixed (the USA and Sweden), and one was from
Poland (Table 4.1; Figs. 4.3 and 4.4). All except
one were population-based studies.

Our previous meta-analysis [172] found no
association of BsmlI polymorphism with ovarian
cancer for carriers of neither one (SOR = 1.15;
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95%CI: 0.96-1.37) or two (SOR = 1.01; 95%CI:
0.79-1.29) B alleles. In a pooled analysis [209] of
3 cohort studies and 1 nested case-control study
summarizing 1473 ovarian cases, Bsml was not
found significantly associated with ovarian
cancer risk.

A recently published update of a previously
published study in Poland [144] suggested a sig-
nificant 56% higher risk of ovarian cancer for
carriers of Bb compared to bb genotype.

In summary, although no significant associa-
tion was found for Bsml and ovarian cancer, it
seems that, contrary to other cancer sites, B allele
confers a possible higher risk of cancer compared
to b allele.

Renal Cancer

Four studies were published on the association
between Bsml polymorphism and renal cancer.
Two were from Asia, one was from Eastern
Europe, and one was from India (Table 4.1).
Two (50%) were hospital-based and two (50%)
population-based studies.

Due to the low number of studies and
investigated cases, no significant association was
suggested, although a trend toward a protective
effect of the B allele was apparent, especially for
Asian studies [135, 157], in line with results for
other cancer sites.

Lung Cancer

Four studies investigated Bsm/ polymorphism in
relation to lung cancer. They were conducted in
different countries, China, Turkey, Poland, and
Tunisia, and they all were hospital-based studies
(Table 4.1).

Three of the four studies were published after
our meta-analysis  published in 2014
[172]. Almost all the risk estimates were under
1.00, with significant lung cancer risk reduction
suggested for carriers of the Bb genotype in one
study [50], SOR = 0.55 (95%CI: 0.33-0.92), and
for carriers of the BB genotype in another study
[218]: SOR = 0.78 (95%CI: 0.68-0.96).
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Other Cancer Sites

Other cancer sites (Table 4.1; Figs. 4.3 and 4.4)
were rarely investigated: non-Hodgkin lym-
phoma (three studies), brain cancer (two studies),
hepatocellular carcinoma (two studies), thyroid
carcinoma (two studies), multiple myeloma,
esophageal adenocarcinoma, gallbladder cancer,
nasopharyngeal carcinoma, oral squamous cell
carcinoma, pediatric solid tumors, and tobacco-
related cancers (Table 4.1).

As for Bb genotype, a 52% and 31% border-
line significant higher risk of Gallbladder cancer,
Non-Hodgkin lymphoma and liver cancer were
found, respectively, in studies conducted in China
[119], Australia [170] and Italy [59]. Otherwise
for BB genotype, a 54% significant lower risk of
multiple myeloma was found in a study
conducted in India [186], while a 68% higher
risk of pancreatic cancer was suggested by a
Chinese study [121].

No other significant association was found for
other cancer sites.

Taq1 and Cancer

The Taql polymorphism is a synonymous SNP,
near the 3’ terminus of the VDR gene, and does not
determine any structural modification of the
receptor. Taql is in linkage disequilibrium with
two other common VDR SNPs, Bsml and Apal,
both located in the 3'-UTR region of the gene, thus
outside the coding regions. The 3'UTR is known
to be involved in regulation of gene expression,
possibly through the control of mRNA stability,
thus affecting gene transcription, translation, or
RNA processing [52, 216]. Thus Tagl may act
as an indirect marker [112] through its association
with other variants (Bsml and Apal).

Breast Cancer
All but two [65, 177] of nineteen studies reported

in the literature between 1999 and 2017 con-
firmed no significant association for Tagl
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polymorphism and breast cancer risk, including
also a study investigating the association between
VDR gene polymorphism and male breast cancer
risk in a Turkish population [111] (Table 2;
Figs. 4.3a and 4.8a). Three estimates were
reported for Asians, two for African-Americans,
twelve in Caucasian and 7 in other ethnicity
groups. Among these studies, several were big
population-based case-control studies (Abbas [1]
with 1408 cases and Anderson [6] with 1546
cases). Overall, estimates are very heterogeneous,
some showed a generally not significant trend to
increased risk, while others [2, 15, 26, 44, 74]
showed a trend to a risk reduction in homozygote
and heterozygote subjects versus wild type. Only
two studies, Reimers [177] and Gapska [65]
presented significant increase risk for # vs TT
(OR=1.32 95%CI: 1.01, 1.73 and 1.29 95%CI:
1.03- 1.63, respectively).

The most recent meta-analyses reported no
significant association [126].

Prostate Cancer

Some studies, reported more estimates for differ-
ent. Twenty-three studies have been published in
20 years (1998-2018) reporting on Tag! SNP and
prostate cancer risk (Table 4.1; Figs. 4.5 and 4.6).
We obteined 12 estimates for Caucasian, 4 for
African-American, 6 for Asian, and 6 for other
ethnicity groups. The prevalence of the ¢ allele
was in average 30% but 17% in control subjects.

In a meta-analysis, the role of Tag/ polymor-
phism in prostate cancer was investigated in
17 studies [185]. Overall more than 8800 subjects
were included, and no significant association
between the Tagl polymorphism and prostate
cancer risk was observed.

A trend for a protective role for the Tagql
polymorphism was observed for both homozy-
gous and heterozygous genotype (#f and Tt vs
TT, respectively) showing SORs lower than
1.00, although a statistical significance was not
reached (SOR = 0.94; 95%CI: 0.78-1.12 and
SOR = 0.95; 95%CI: 0.80-1.12 for tt and Tt vs
TT, respectively).
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(a)

Author

Taql (TT vs tt)

Odds Ratio [95% CI]

Breast

Curran, 1999 (Caucasian)
Dunning, 1999 (Combined cohorts) (Caucasian)
Hou, 2002 (Asian)

Buyru, 2003 (Other)

Sillanpaé, 2004 (Caucasian)
John, 2007 (African-American)
John, 2007 (Caucasian)

John, 2007 (Hispanic)

Abbas, 2008 (Caucasian)
Barroso, 2008 (Caucasian)
Gapska, 2008 (Caucasian)
Chakraborty, 2009 (Other)
Anderson, 2011 (Caucasian)
Kizildag, 2011 (male) (Other)
Engel, 2012 (Caucasian)
Huang, 2012 (Asian)

Mishra, 2013 (African-American)
Mishra, 2013 (Hispanic)
Abd-Elsalam, 2015 (Other)
Guo, 2015 (Asian)
Nemengqani, 2015 (Asian)
Reimers, 2015 (Caucasian)
Atoum, 2017 (Other)

(b)

Author

Taql (TT vs tt)

047021, 1.07]
0.97 [0.71, 1.32]
5.31[0.10, 273.06]
0.41[0.08, 2.23]
1.34[0.83, 2.17]
0.93[0.52, 1.67]
1.59[0.95, 2.67]
0.96[0.58, 1.58]
1.11[0.91, 1.36]
0.72[0.48, 1.09]
1.29[1.03, 1.63]
1.09[0.35, 3.37]
1.04[0.89, 1.22]
1.06 [0.11, 10.27]
1.10[0.70, 1.60]
1.10 [0.04, 33.00]
1.10[0.30, 4.40]
1.40 [0.50, 4.00]
0.62[0.30, 1.28]
0.76 [0.44, 1.13]
1.50 [0.69, 3.30]
1.32[1.01, 1.73]
1.68[0.65, 4.31]

0dds Ratio [95% CI]

Prostate

Ma, 1998 (Caucasian)
Correa-Cerro, 1999 (Caucasian)
Blazer, 2000 (African-American)
Blazer, 2000 (Caucasian)
Habuchi, 2000 (Asian)

Medeiros, 2002 (Caucasian)
Suzuki, 2003 (Asian)

Huang, 2004 (Asian)

Maistro, 2004 (Mixed)
Oakley-Girvan, 2004 (African-American)
Oakley-Girvan, 2004 (Caucasian)
Andersson, 2006 (Caucasian)
Chaimuangraj, 2006 (Asian)
Cicek, 2006 (Caucasian)

Holick, 2007 (Caucasian)

Onen, 2008 (Other)

Bai, 2009 (Asian)

Holt, 2009 (African-American)
Holt, 2009 (Caucasian)

Rowland, 2013 (African-American)
Rowland, 2013 (Caucasian)

Hu, 2014 (Asian)

Yousaf, 2014 (Other)

Gilbert, 2015 (Caucasian)

Jingwi, 2015 (African-American)
Nunes, 2016 (Other)

El Ezzi, 2017 (Other)

Kambale, 2017 (Other)
Braczkowski, 2018 (Caucasian)

——
—
—.—
——
——
—.—
—.—
[ T T
0 05 1 2

0.92[0.61, 1.38]

65 [0.34, 1.25]

41[0.19,10.27]
1.23 [0.02, 62.17]
5810.82, 3.07
23[050, 2.98
.04 [0.58, 1.86
02[053, 1.94
0.4810.02, 14.99]

0.79[0.28, 2.24]
1.06[0.77, 1.46
0.97[0.73, 1.28

Fig. 4.5 Forest plot for the association between Taq! TT and # genotype for (a) breast cancer; (b) prostate cancer; (c)
colorectal cancer; (d) cancers of the skin and thyroid, sarcoma, and pediatric solid tumors; (e) cancer of the kidney, liver,
lung, non-hodggkin’s lymphoma, ovary; (f) cancers of the bladder, brain, esophagus, gallbladder, head and neck cancer

A statistically not significant trend for an
inverse association for the # genotype was
observed in several studies. One case-control

study in African-Americans reported a statisti-
cally significant reduction in risk for # carriers
versus 77 [102] (OR = 0.49 95%ClI: 0.26, 0.95).
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(c) Taql (TT vs tt)

Author

Odds Ratio [95% CI]

CRC

Park, 2006 (Asian)
Flugge, 2007 (Caucasian)
Yaylim-Eraltan, 2007 (Other)

1.74 [0.03, 88.00]
1.05[0.62, 1.77]

Ochs-Balcom, 2008 (Caucasian)

212[0.61, 7.41]
1.66[0.92, 2.97]

Mahmoudi, 2010 (Other) —— 1.08 [0.54, 2.19]
Hughes, 2011 (Caucasian) '—I—' 1.07 [0.76, 1.51]
Bentley, 2012 (Caucasian) —— 1.06 [0.59, 1.92]

Gunduz, 2012 (Other)
Atoum, 2014 (Other)

4.89 [1.15, 20.79]
1.08 [0.46, 2.56]

Laczmanska, 2014 (Caucasian) i 0.48[0.26, 0.88]
Sarkissyan, 2014 (Mixed) '—'-‘—‘ 0.87[0.33, 2.28]
Takeshige, 2015 (Asian) 1.15[0.39, 3.40]
Alkhayal, 2016 (Other) —— 0.90 [0.40, 2.01]
Moossavi, 2018 (Other) '—'—‘ 0.72[0.18, 2.81]
[ T T T T 1
0 05 1 3 4 5
(d) Taql (TT vs tt)

Author Odds Ratio [95% Cl]
Sarcoma

Ruza, 2003 (Ewing Sarcoma) (Caucasian) —_— 1.31[0.55,3.11]
Ruza, 2003 (Osteosarcoma) (Caucasian) ——— 0.70[0.30, 1.60]
Skin

Gapska, 2009 (Caucasian) —— 1.08 [0.80, 1.50]
Randerson-Moor, 2009 (Study: Leeds CCS1) (Caucasian) —— 1.07[0.76, 1.51]
Randerson-Moor, 2009 (Study: Leeds CCS2) (Caucasian) —— 0.73[0.48,1.13]
Lesiak, 2011 (BCC) (Caucasian) 2.58[1.35,4.95]
Késtner, 2012 (BCC) (Caucasian) 1.19[0.39, 3.66]
Késtner, 2012 (SCC) (Caucasian) 1.66 [0.59, 4.70]
Pena-Chilet, 2013 (Caucasian) —— 0.85[0.54, 1.34]

Zeljic, 2014 (Caucasian)

Burns, 2017 (Caucasian)

3.56 [1.50, 8.43]
1.25[0.51,3.06]

Thyroid
Penna-Martinez, 2009 (Follicular) (Caucasian) ——— 0.45[0.15,1.38]
Penna-Martinez, 2009 (Papillary) (Caucasian) — 1.01[0.56, 1.83]
Beysel, 2018 (Other) L — ] 1.41[0.67,2.97]
Solid tumor pediatric
Bienertova-Vasku, 2016 (Caucasian) i 1.24[0.70,2.17]
r T T T T 1
0 05 1 3 4 5

Fig. 4.5 (continued)

Similarly the analysis for heterozygous (Tt versus
TT) showed a trend toward a protective effect of
this SNP, with three studies that reached a statis-
tical significance reduction of risk: Correa-Cerro
[43] (OR = 0.50 95%CTI: 0.27, 0.92), Holick [85]
(OR = 0.73 95%CI: 0.56, 0.95), and Kambale
[107] (OR = 0.29 95%CI: 0.16, 0.50).

The ¢ allele was also found to be protective in a
meta-analysis published in 2014 [220]. A more
recent meta-analysis confirmed this association
particularly in Asian populations and suggested
that PCa patients carrying the ¢ allele or # geno-
type were less likely to progress to advanced
stage [35].
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(e)

Author

Taql (TT vs tt)

Odds Ratio [95% CI]

Kidney
Karami, 2008 (Caucasian)
Yang, 2016 (Asian)

Liver
Falleti, 2010 (Caucasian)
Hung, 2014 (Asian)

Lung

Dogan, 2009 (Other)
Kaabachi, 2014 (African)
Wu, 2016 (Asian)

Gromowski, 2017 (NSCLC) (Caucasian)

Non-Hodgkin's lymphoma
Purdue, 2007 (Caucasian)
Purdue, 2007 (Mixed)
Smedby, 2010 (Caucasian)

Ovary

Lurie, 2007 (Asian)

Lurie, 2007 (Caucasian)
Clendenen, 2008 (Caucasian)
Grant, 2013 (African-American)
Grant, 2013 (Caucasian)

(f)

Author

. 0.89[0.66, 1.20]

1.04 [0.02, 52.72]

—.—e 0.49[0.21, 1.15]

1.00 [0.02, 50.98]

—.— 0.45[0.21, 0.95]

— 0.97 [0.56, 1.69]
- 0.84[0.57, 0.95)
- 0.86[0.63, 1.17]
. 0.89[0.64, 1.24]
—— 1.05[0.73, 1.53]

- 1.01[0.85, 1.21]

1.70 [0.40, 7.90]

1.80[0.70, 4.40]

— it 0.98 [0.50, 1.94]

: 1.34[0.36, 5.04]

. 1.00[0.67, 1.49]
[ —— T T T ]
0 05 1 2 3 4 5

Taql (TT vs tt)

Odds Ratio [95% CI]

Bladder
Mittal, 2007 (Other)

Brain

Anic, 2012 (Caucasian)
Toptas, 2013 (Other)

Yilmaz, 2017 (pediatric) (Other)

Esophageal
Chang, 2011 (Caucasian)

Gallbladder
Li, 2014 (Asian)

Head and neck
Liu, 2005 (Caucasian)

Bektas-Kayhan, 2010 (Other)
Zeljic, 2012 (Caucasian)

Fig. 4.5 (continued)

Colorectal Cancer

—. 0.64 [0.30, 1.35]
. 0.72[0.49, 1.05]
L e 0.82[0.33, 2.06]
—_ 0.66 [0.18, 2.49]

1.70[0.79, 3.65]

-—-—a 0.65[0.41, 1.03]
-.—: 0.72[0.53, 0.98]
——t 0.54[0.18, 1.61]

1.69[0.62, 4.63]

detrimental trend was observed among all the
studies for the #r compared to the 77, less evident

Colorectal cancer risk and Tagl were analyzed in  in the heterozygous condition.
14 studies published between 2006 and 2018 In a recent meta-analysis [185], eight studies
(Table 4.1; Figs. 4.5 and 4.6). A consistent with data on CRC and Tag! were included. The
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(a)

Taqgl (Tt vs tt)

Author Odds Ratio [95% CI]
Breast

Curran, 1999 (Caucasian) ——H 0.61[0.35, 1.08]
Dunning, 1999 (Combined cohorts) (Caucasian) i 1.04 [0.84, 1.30]
Hou, 2002 (Asian) 2.04[0.68, 6.17]
Buyru, 2003 (Other) ——— 0.34[0.10, 1.10]
Sillanp&é, 2004 (Caucasian) - 0.92[0.71, 1.20]
John, 2007 (African-American) e 0.81[0.59, 1.12]
John, 2007 (Caucasian) - 1.02[0.71, 1.47]
John, 2007 (Hispanic) - 0.77[0.57, 1.05]
Abbas, 2008 (Caucasian) HiH 1.08 [0.93, 1.26]
Barroso, 2008 (Caucasian) '—'—*‘ 0.82[0.59, 1.13]
Gapska, 2008 (Caucasian) HiH 1.02[0.88, 1.19]
Chakraborty, 2009 (Other) e 1.15[0.72, 1.85]
Anderson, 2011 (Caucasian) il 1.011[0.82, 1.24]
Kizildag, 2011 (male) (Other) —_— 1.26 [0.51, 3.11]
Engel, 2012 (Caucasian) —— 1.10[0.80, 1.60]
Huang, 2012 (Asian) — 1.12[0.57, 2.17]
Mishra, 2013 (African-American) e 0.60 [0.30, 1.40]
Mishra, 2013 (Hispanic) e 0.90 [0.50, 1.60]
Abd-Elsalam, 2015 (Other) e 0.69[0.37, 1.28]
Guo, 2015 (Asian) e 1.11[0.60, 2.01]
Nemengani, 2015 (Asian) - 0.95[0.50, 1.79]
Reimers, 2015 (Caucasian) ——— 1.06 [0.82, 1.38]
Atoum, 2017 (Other) e 0.94 [0.54, 1.65]

T T T T 1
05 1 2 3 4 5

(b)

Author

Taql (Tt vs tt)

Odds Ratio [95% CI]

Prostate

Ma, 1998 (Caucasian)
Correa-Cerro, 1999 (Caucasian)
Blazer, 2000 (African-American)
Blazer, 2000 (Caucasian)
Habuchi, 2000 (Asian)

Medeiros, 2002 (Caucasian)
Suzuki, 2003 (Asian)

Huang, 2004 (Asian)

Maistro, 2004 (Mixed)
Oakley-Girvan, 2004 (African-American)
Oakley-Girvan, 2004 (Caucasian)
Andersson, 2006 (Caucasian)
Chaimuangraj, 2006 (Asian)
Cicek, 2006 (Caucasian)

Holick, 2007 (Caucasian)

Onen, 2008 (Other)

Bai, 2009 (Asian)

Holt, 2009 (African-American)
Holt, 2009 (Caucasian)

Rowland, 2013 (African-American)
Rowland, 2013 (Caucasian)

Hu, 2014 (Asian)

Yousaf, 2014 (Other)

Gilbert, 2015 (Caucasian)

Jingwi, 2015 (African-American)
Nunes, 2016 (Other)

El Ezzi, 2017 (Other)

Kambale, 2017 (Other)
Braczkowski, 2018 (Caucasian)

0.95[0.71, 1.26
—— 0.50 [0.27, 0.92
4.50 [0.49, 41. 25
————— 1.401[0.74, 2
—e—t— 0.80 (047, 1. S
—— 1.39[0.88, 2.20
— 141[0.70, 2.84
—— 0.66 [0.33, 1.31
—— 158 [1.01, 2.47
—— 0.89 0,52, 153
————— 1.31[0.84, 2.04
— 1.04[0.64, 1.71
—_— 0.72[0.21, 2.41
i 0.720.49, 1.06
il 0.73[0.56, 0.95
—— 0.69[0.42, 1.13
—_— 120 [0.47, 3.06
—e—t— 0.83[0.43, 1.60
- 1.15[0.91, 1.45
i 1.00 [0.82, 1.22
—— 1.07[0.76, 1.52
—_— 1.04 [0.47, 2.27
3.33[1.33, 8.31
i 1.06 [0.86, 1.29
—.— 0.68 [0.45, 1.01
—— 0.980.60, 1.58
—_—— 1.32[0.63, 2.75
—-— 0.290.11, 0.76]
—— 1.10[0.55, 2.19]
L T T T 1
05 1 2 3 4 5

Fig. 4.6 Forest plot for the association between Tagl Tt and 1t genotype for (a) breast cancer; (b) prostate cancer; (c)
colorectal cancer; (d) cancers of the sarcoma, skin, thyroid and pediatric solid tumors; (e) cancers of the kidney, liver,
lung, non-Hodgkin lymphom and ovary; (f) cancers of the bladder, brain, esophagus, gallbladder, head and neck cancer

Taql 1t genotype showed an increased risk for
CRC (SOR = 1.43, 95%CI: 1.30-1.58), but the
data lost significance in Caucasians (SOR = 1.21,

95%CI: 0.89-1.64).

The study by Gunduz [73, 204] showed the
greatest increase in risk, almost fivefold, for colo-
rectal cancer in subjects with Tag! # (OR = 4.90;
95%CI: 1.15, 20.79). The ¢ allele frequency was
highly different between cases and controls in that
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(c) Taql (Tt vs tt)

Author Odds Ratio [95% Cl]
CRC :

Park, 2006 (Asian) —_— 1.47[0.81, 2.68]
Flugge, 2007 (Caucasian) '—'—‘ 0.96 [0.66, 1.40]
Yaylim-Eraltan, 2007 (Other) '—'—‘—‘ 0.56 [0.18, 1.73]
Ochs-Balcom, 2008 (Caucasian) '—'—‘ 1.10[0.71, 1.69]
Mahmoudi, 2010 (Other) i 0.59[0.37, 0.97]
Hughes, 2011 (Caucasian) '—'_' 1.07 [0.76, 1.50]
Bentley, 2012 (Caucasian) ’—‘"_' 1.17 [0.75, 1.84]

Gunduz, 2012 (Other)

Atoum, 2014 (Other) —_—

Laczmanska, 2014 (Caucasian) '-'—‘
Sarkissyan, 2014 (Mixed) '—‘—'_‘
Takeshige, 2015 (Asian) -
Alkhayal, 2016 (Other) '—-—'
Moossavi, 2018 (Other) '—'—‘

1,55 [0.61, 3.95]
1.49[0.81, 2.76]
0.57 [0.35, 0.92]
1.21[0.68, 2.16]
0.91[0.70, 1.19]
0.79[0.43, 1.44]
0.79[0.44, 1.41]

0 05 1 3 4
(d) Taql (Tt vs tt)

Author Odds Ratio [95% CI]
Sarcoma H
Ruza, 2003 (Ewing Sarcoma) (Caucasian) —— 1.07 [0.52, 2.20]
Ruza, 2003 (Osteosarcoma) (Caucasian) [ a— 0.79[0.42, 1.47]
Skin
Gapska, 2009 (Caucasian) H— 0.96 [0.80, 1.20]
Randerson-Moor, 2009 (Study: Leeds CCS1) (Caucasian) ‘—l—‘ 0.97 [0.75, 1.26]
Randerson-Moor, 2009 (Study: Leeds CCS2) (Caucasian) —a— 0.96 [0.70, 1.31]
Lesiak, 2011 (BCC) (Caucasian) I e E— 2.46 [1.43, 4.20]
Késtner, 2012 (BCC) (Caucasian) : 1.61[0.75, 3.48]
Késtner, 2012 (SCC) (Caucasian) _— 1.28 [0.60, 2.70]
Pena-Chilet, 2013 (Caucasian) - 1.03[0.75, 1.41]
Zeljic, 2014 (Caucasian) i 2.32[1.22, 4.43]
Burns, 2017 (Caucasian) | — 1.61[0.82, 3.14]
Thyroid
Penna-Martinez, 2009 (Follicular) (Caucasian) e 0.73[0.36, 1.46]
Penna-Martinez, 2009 (Papillary) (Caucasian) e 1.13[0.72, 1.76]
Beysel, 2018 (Other) —_— 1.09[0.69, 1.72]
Solid tumor pediatric
Bienertova-Vasku, 2016 (Caucasian) i 0.69 [0.44, 1.09]

I T T T

0 05 1 3 4

Fig. 4.6 (continued)

study (44% in cases and 27% in controls), and
this might in part explain the different results in
that study. In the heterozygote subjects, the risk
was increased by 55% (OR = 1.55 95%CI: 0.61,
3.95) in the study published by Gunduz, but it did
not reach a statistical significance for any of the

other studies. The only study the presented signif-
icant inverse associations, for both tt and 7¢, com-
pared to the TT group, was the one carried out in

Poland [114].
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(e)

Taql (Tt vs tt)

Author Odds Ratio [95% Cl]
Kidney
Obara, 2007 (Asian) e 0.90 [0.52, 1.56]
Karami, 2008 (Caucasian) —— 1.04 [0.85, 1.27]
Yang, 2016 (Asian) _— 1.42[0.86, 2.35]
Liver
Falleti, 2010 (Caucasian) ——— 0.59 [0.33, 1.07]
Hung, 2014 (Asian) —— 0.43[0.16, 1.17]
Lung
Dogan, 2009 (Other) —-— 0.54 [0.33, 0.90]
Kaabachi, 2014 (African) - 0.88 [0.60, 1.28]
Wu, 2016 (Asian) e 0.77 [0.59, 0.99]
Gromowski, 2017 (NSCLC) (Caucasian) . 1.02[0.83, 1.24]
Non-Hodgkin's lymphoma
Purdue, 2007 (Caucasian) —— 0.98 [0.77, 1.26]
Purdue, 2007 (Mixed) —e—t 1.37 [1.04, 1.79]
Smedby, 2010 (Caucasian) i 0.93 [0.81, 1.07]
Ovary
Lurie, 2007 (Asian) —— 1.10 [0.60, 2.20]
Lurie, 2007 (Caucasian) — 1.10 [0.50, 2.10]
Clendenen, 2008 (Caucasian) L ne—— 1.21[0.71, 2.06]
Grant, 2013 (African-American) —— 0.78 [0.37, 1.63]
Grant, 2013 (Caucasian) —— 1.28 [0.96, 1.70]
[ T T T
0 05 1 2 3

(f)

Taqgl (Tt vs tt)

Author Odds Ratio [95% CI]

Bladder

Mittal, 2007 (Other) —a— 0.88 [0.57, 1.35]

Brain

Anic, 2012 (Caucasian) ik 0.90 [0.69, 1.16]

Topta?, 2013 (Other) ——y 0.97 [0.55, 1.71]

Yilmaz, 2017 (pediatric) (Other) _ 0.93[0.31, 2.74]

Esophageal

Chang, 2011 (Caucasian) — 0.98 [0.56, 1.70]

Gallbladder

Li, 2014 (Asian) —— 0.98 [0.69, 1.39]

Head and neck

Liu, 2005 (Caucasian) HEH 0.97 [0.77, 1.22]

Bektas-Kayhan, 2010 (Other) | 1.67 [0.81, 3.46]

Zeljic, 2012 (Caucasian) —_— 1.75[0.87, 3.52]
[ T T T

Fig. 4.6 (continued)
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Skin Cancer

Seven studies have been conducted to investigate
the role of VDR Taql SNP and melanoma
between 2009 and 2017 (Table 4.1; Figs. 4.5
and 4.6). The majority of the papers, including
melanoma and non-melanoma skin cancer,
showed a non-significant increased risk for #
vs TT.

Only two studies found significant
associations. Lesiak [116] presented estimates
for BCC and found that subjects having Tagq! tt
genotypes were associated with an increased risk
for developing BCC more than twice and half
compared to the 77T genotype (OR = 2.59; 95%
CI: 1.35, 4.95).

Zeljic et al. [231] presented results of a study
carried out in Serbia and found a significant
increased risk of melanoma for # vs TT
OR = 3.56 (95%CI: 1.50, 8.43) and for Tt vs TT
OR = 2.32 (95%CI: 1.22, 4.43).

However, the meta-analysis by Serrano [185]
did not show a significant association between
Taql VDR polymorphisms and skin cancer risk
(SOR = 1.01; 95%CI: 0.71-1.45 and SOR = 1.0;
95%CI: 0.82-1.45 for tt and Tt vs TT, respec-
tively). After that publication, only one study,
carried out in the USA [25], has been published
indicating a non-significant increased risk.

Lung Cancer

Four studies published estimates on Tagl and
lung cancer. They were carried in Turkey,
Tunis, Poland, and China. The Turkish [50] and
Chinese studies presented significantly inverse
association for both # and Tt versus 77. Further-
more Dogan [50] observed that # homozygous
men among the patients who smoked were less
likely to develop lung cancer compared to 77 (for
smokers: OR = 0.25, 95%CI: 0.09-0.75,
P =0.012).

In a recent meta-analysis, the # genotype was
found inversely associated with lung cancer risk

P. Gnagnarella et al.

compared with the Taql Tt + TT genotype
(OR = 0.70, 95%CI = 0.55-0.90) [228].

Other Cancers

Several other cancers were investigated, such as
bone cancer, brain cancer, esophageal adenocarci-
noma, hepatocellular carcinoma, head and neck
cancer, non-Hodgkin lymphoma, oral SCC, renal
cell carcinoma, and thyroid carcinoma, with a total
of 30 studies included. None of these studies
reached significant associations of Tagl polymor-
phism and cancer risk (Table 4.1; Figs. 4.5 and 4.6).

The meta-analysis by Serrano [185] found a
borderline significant risk reduction for “other
cancer” for the heterozygous #t genotype com-
pared with 7T genotype (SOR = 0.88, 95%CI:
0.78-1.00).

Apa1 and Cancer

Apal polymorphism is located near the 3 UTR of
VDR gene similar to Tag! and BsmI and does not
alter the protein’s amino acid sequence. The func-
tional significance of the VDR Apal polymor-
phism remains unknown.

Breast Cancer

Fourteen epidemiologic studies, counting for
more than 5000 subjects, have investigated the
association between Apal and breast cancer risk
(including also male breast cancer) (Table 4.1).
Some studies suggested an increased risk of
breast cancer and others a reduction (Table 4.1;
Figs. 4.7 and 4.8).

A statistically significant increased risk was
found by Curran et al. [44] carried out in
Australia with 2.5-fold risk increment for aa com-
pared to AA (OR = 2.53; 95%CI 1.20, 5.39), and
similar results were achieved in one study
[2]. Four studies presented significant decreased
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risk of breast cancer for the Aa versus AA from
30% to 72% [74, 88, 90, 190]. Only one study
conducted in the USA found a statistical
increased risk for the Aa versus AA genotype
[45]. Other studies reported that the Apal poly-
morphism was not associated with breast
cancer risk.

Prostate Cancer

With respect to Apal polymorphism, 15 studies
have been published between 2000 and 2017, and
4 studies found statistically significant association
with prostate cancer risk (Table 4.1; Figs. 4.7 and
4.8). Two studies [91, 107] conducted in India
and Taiwan suggested a significant decreased risk
of prostate cancer for both aa and Aa vs wild-type
AA genotype, whereas one study [155] conducted
in Turkey presented an increased risk for both.
Contrasting results were published by Yousaf
[227] conducted in Pakistan with a significant
decreased risk for aa vs AA and a significant
decreased risk for Aa vs AA.

In the most recent meta-analysis [215] includ-
ing 6427 cases and 6039 controls from 16 case-
control studies, Wang suggested that these
polymorphisms did not increase the risk of pros-
tate risk in genetic models, which was consistent
with our previous meta-analysis [185].

Colorectal Cancer

Eleven studies including subjects from different
ethnicities, conducted from 2006 to 2017, have
focused on the association between Apal and
colorectal cancer with no consistent results
(Table 4.1; Figs. 4.7 and 4.8). In six studies,
Apal variant was not associated with risk of colo-
rectal cancer. Four studies in different ethnicities
suggested that the Apal aa/Aa polymorphism
genotypes may increase [130, 212] or decrease
[114, 160, 176] the risk respect to AA genotype.
The recent meta-analysis by Pan et al. did not
found any association with cancer risk [158].

89

Skin Cancer

Only a few epidemiological studies have
addressed the relationship between Apal poly-
morphism and risk of melanoma and NMSC
[25, 113, 116, 173, 231]. All these studies were
conducted in Caucasian populations (Table 4.1;
Figs. 4.7 and 4.8). A recent meta-analysis from
Von Schuckmann et al. [213] showed a decreased
basal cell carcinoma risk in Apal recessive geno-
type AA (SOR = 0.74; 95%CI: 0.56-0.098).

Other Cancers

Nineteen studies were included, investigating dif-
ferent cancer sites, such as esophageal adenocar-
cinoma, gallbladder cancer, hepatocellular
carcinoma, lung cancer, multiple myeloma, oral
cancer, ovary cancer, renal cell carcinoma, and
thyroid carcinoma.

Regarding lung cancer risk, Apal was
investigated in 2 meta-analyses [33, 62] including
5 studies involving 602 patients and 662 healthy
controls (examining Asian and Turkish popula-
tion). No statistically significant association with
lung cancer risk was found. Kaabachi et al. [105]
found an increased significant association for aa
and Aa versus AA genotypes (OR = 2.64; 95%CI:
1.37-5.07 and OR = 2.30; 95%CI: 1.22-4.35,
respectively). But in the most recent Polish case-
control study [69], Apal was not related to lung
cancer risk.

Three studies evaluated the association
between Apal and ovarian cancer with null
results [39, 67, 128] in Caucasians and a signifi-
cant increase risk in African American [67] for aa
vs AA genotype. Other studies included esopha-
geal adenocarcinoma, hepatocellular carcinoma,
oral squamous cell carcinoma, thyroid cancer,
and sarcoma. Interesting results were reported
by Zeljic et al. [230] for oral squamous cell carci-
noma (110 cases and 122 controls): they found a
significant increased risk for Apal aa vs AA
(OR = 2.06, 95%CI: 1.04, 4.09) and for Aa vs
AA (OR = 2.44, 95%CI: 1.31, 4.54). Penna-
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(a) Apal (aa vs AA)

Author Odds Ratio [95% CI]
Breast H
Curran, 1999 (Caucasian) 2.54[1.20, 5.39]
Hou, 2002 (Asian) -—-—-—- 0.43[0.15, 1.23]
Sillanpaa, 2004 (Caucasian) '—I-'—' 0.80[0.54, 1.19]
Chakraborty, 2009 (Caucasian) 1.71[0.55, 5.33]
Anderson, 2011 (Caucasian) '-l—' 0.98[0.80, 1.20]
Kizildag, 2011 (male) (Other) 2.12[0.35,12.99]
Dalessandri, 2012 (Caucasian) '—'—'—| 1.38[0.75, 2.54]
Engel, 2012 (Caucasian) '—l—-| 0.70[0.50, 1.10]
Huang, 2012 (Asian) — 0.90 [0.51, 1.62]
Mishra, 2013 (African-American) '—'—' 0.60[0.20, 2.20]
Mishra, 2013 (Hispanic) '—-—'—' 1.30[0.60, 3.00]
Abd-Elsalam, 2015 (Other) 2.15[1.02, 4.54]
Guo, 2015 (Asian) '—'—' 1.25[0.74, 2.14]
Reimers, 2015 (Caucasian) '—l—' 1.24[0.95, 1.62]

[ T T T T T 1

0 05 1 2 3 4 5

(b) Apal (aa vs AA)

Author Odds Ratio [95% CI]
Prostate H
Habuchi, 2000 (Asian) e 0.58 [0.27, 1.24]
Suzuki, 2003 (Asian) '—-—| 0.99 [0.45, 2.17]
Huang, 2004 (Asian) —.— 0.57 [0.32, 0.99]
Maistro, 2004 (Mixed) '—'—' 0.98 [0.51, 1.87]
Oakley-Girvan, 2004 (African-American) '—'—' 0.99 [0.46, 2.15]
Oakley-Girvan, 2004 (Caucasian) e 1.06 [0.61, 1.83]
Chaimuagraj, 2006 (Asian) 1.27 [0.29, 5.53]
Cicek, 2006 (Caucasian) '-'—'—' 1.27[0.89, 1.81]
Onen, 2008 (Other) 2.15[1.09, 4.24]
Bai, 2009 (Asian) '—'—' 0.84[0.32, 2.22]
Yousaf, 2014 (Caucasian) -t 0.38[0.15, 0.98]
Gilbert, 2015 (Caucasian) '-I—' 0.89 [0.69, 1.15]
Jingwi, 2015 (African-American) t—'—' 1.83[0.97, 3.45]
Nunes, 2016 (Mixed) '—'-—' 0.86 [0.44, 1.68]
El Ezzi, 2017 (Other) H 1.11[0.28, 4.47]
Kambale, 2017 (Other) -—-—- 0.44[0.19, 0.99]

T | T T T 1

0 05 1 2 3 4 5

Fig. 4.7 Forest plot for the association between Apal aa and AA genotype for (a) breast cancer; (b) prostate cancer; (c)
colorectal cancer; (d) cancers of the skin and thyroid, sarcoma, and pediatric solid tumors; (e) cancers of the lung and
ovary and multiple myeloma; (f) cancers of the esophagus, gallbladder, head and neck, kidney, and liver
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(c) Apal (aa vs AA)
Author Odds Ratio [95% CI]
CRC
Park, 2006 (Asian) '—'—' 0.45[0.23, 0.89]
Flugge, 2007 (Caucasian) '—"—' 0.93[0.57, 1.53]
Theodoratou, 2008 (Caucasian) FI—| 1.14[0.96, 1.37]
Mahmoudi, 2010 (Other) 2.32[1.19, 4.54]
Hughes, 2011 (Caucasian) '—'—' 1.19[0.87, 1.61]
Lacmanska, 2014 (Caucasian) Hl— 0.35[0.19, 0.64]
Rasool, 2014 (Other) . 0.50 [0.21, 1.16]
Sarkyssyan, 2014 (Other) —_— 1.07 [0.46, 2.50]
Takeshige, 2015 (Asian) '—'—' 1.17 [0.81, 1.69]
Alkhayal, 2016 (Other) '—-'—' 1.09[0.57, 2.09]
Vidigal, 2017 (Mixed) i—-—-—l 1.30[0.68, 2.51]
[ T T T T T 1
0 05 1 2 3 4 5
(d) Apal (aa vs AA)
Author 0Odds Ratio [95% CI]
Sarcoma
Ruza, 2003 (Ewing Sarcoma) (Caucasian) ‘—'——* 0.81[0.32, 2.06]
Ruza, 2003 (Osteosarcoma) (Caucasian) —_ 1.61[0.74, 3.52]
Skin i
Randerson-Moor, 2009 (Study: Leeds CCS1) (Caucasian) —— 1.02[0.74, 1.41]
Randerson-Moor, 2009 (Study: Leeds CCS2) (Caucasian) e 1.46 [0.97, 2.19]
Lesiak, 2011 (BCC) (Caucasian) e 0.71[0.38, 1.32]
Kostner, 2012 (BCC) (Caucasian) —_— 1.00 [0.37, 2.69]
Kostner, 2012 (SCC) (Caucasian) —_— 0.79[0.30, 2.06]
Zeljic, 2014 (Caucasian) ] 0.68[0.35, 1.35]
Burns, 2017 (Caucasian) *——-—' 1.52[0.66, 3.50]
Thyroid H
Penna-Martinez, 2009 (Follicular) (Caucasian) 3.82[1.27, 11.49]
Penna-Martinez, 2009 (Papillary) (Caucasian) —— 0.95[0.55, 1.66]
Beysel, 2018 (Other) e 0.61[0.29, 1.25]
l T T T T T 1
0 05 1 2 3 4 5

Fig. 4.7 (continued)
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(e)

Author

Apal (aa vs AA)

0Odds Ratio [95% CI]

Lung
Dogan, 2009 (Other)

1.74(0.88, 3.43]

Liver

Falleti, 2010 (Caucasian)

1.34[0.60, 2.99]

Kaabachi, 2014 (African) i 0.45[0.25, 0.81]
Wu, 2016 (Asian) —— 0.921[0.64, 1.34]
Gromowski, 2017 (Caucasian) —— 1.05[0.80, 1.38]
Multiple Myeloma
Shafia, 2013 (Other) 2.48[1.09, 5.62]
Chen, 2017 (Asian) -— 0.58 [0.38, 0.87]
Ovary
Lurie, 2007 (Asian) —_— 0.89[0.34, 2.30]
Lurie, 2007 (Caucasian) . 0.52[0.22, 1.23]
Clendenen, 2008 (Caucasian) i 0.67 [0.35, 1.26]
Grant, 2013 (African-American) 6.38[1.78,22.89]
Grant, 2013 (Caucasian) -—-—- 0.95[0.65, 1.38]
[ ——
0 05 1
(f) Apal (aa vs AA)
Author Odds Ratio [95% CI]
Esophageal
Chang, 2012 (Caucasian) '—'—' 0.81[0.37,1.77]
Gallbladder
Li, 2013 (Asian) [ 1.09[0.72, 1.65]
Head and neck
Zeljic, 2012 (Caucasian) i 2.06 [1.04,4.09]
Kidney
Obara, 2007 (Asian) '—l—' 0.42[0.19,0.94]
Yang, 2016 (Asian) _-— 0.39[0.21,0.73]

Hung, 2014 (Asian)

Fig. 4.7 (continued)

0 05

1

1.97 [0.45, 8.62]
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(a) Apal (Aa vs AA)

Author Odds Ratio [95% CI]
Breast H
Curran, 1999 (Caucasian) '—'—‘ 1.54[0.85, 2.80]
Hou, 2002 (Asian) — 0.28[0.09, 0.87]
Sillanpaa, 2004 (Caucasian) '-I—‘: 0.70[0.51, 0.95]
Chakraborty, 2009 (Caucasian) '—-'—‘ 1.14[0.71,1.82]
Anderson, 2011 (Caucasian) "I-‘ 1.00[0.86, 1.18]
Kizildag, 2011 (male) (Other) '——-—' 1.14[0.46, 2.85]
Dalessandri, 2012 (Caucasian) '—-—' 1.64 [1.01, 2.67]
Engel, 2012 (Caucasian) '—'—' 0.90 [0.60, 1.20]
Huang, 2012 (Asian) HE— 0.42[0.27,0.67]
Mishra, 2013 (African-American) '—'—‘ 0.80 [0.30, 1.80]
Mishra, 2013 (Hispanic) '——'—‘ 1.30[0.70, 2.40]
Abd-Elsalam, 2015 (Other) .__-—. 1.44 [0.77, 2.69]
Guo, 2015 (Asian) —-— 0.52[0.29, 0.93]
Reimers, 2015 (Caucasian) '-I—‘ 1.17 [0.94, 1.45]

I T T T 1

0 1.25 25 3.75 5

(b) Apal (Aa vs AA)

Author Odds Ratio [95% CI]
Prostate H
Habuchi, 2000 (Asian) e 0.53[0.25, 1.14]
Suzuki, 2003 (Asian) '—-—' 1.32[0.60, 2.91]
Huang, 2004 (Asian) - 0.41[0.22, 0.75]
Maistro, 2004 (Mixed) '—'—‘ 1.11[0.70, 1.75]
Oakley-Girvan, 2004 (African-American) '—'—‘ 1.39[0.79, 2.43]
Oakley-Girvan, 2004 (Caucasian) '—-—‘ 1.17 [0.74, 1.85]
Chaimuagraj, 2006 (Asian) L E—1 0.64[0.14, 2.87]
Cicek, 2006 (Caucasian) —— 0.98[0.73, 1.33]
Onen, 2008 (Other) '—'—‘ 1.88[1.10, 3.20]
Bai, 2009 (Asian) '—'—‘ 0.83[0.31, 2.18]
Yousaf, 2014 (Caucasian) 4.58[1.26, 16.65]
Gilbert, 2015 (Caucasian) '—l—‘ 1.13[0.91, 1.41]
Jingwi, 2015 (African-American) —— 0.97 [0.65, 1.45]
Nunes, 2016 (Mixed) '—'——‘ 0.69[0.41, 1.15]
El Ez, 2017 (Other) ——i 0.59[0.29, 1.22]
Kambale, 2017 (Other) Ll 0.14[0.06, 0.33]

I : T T T 1

0 1.25 25 3.75 5

Fig. 4.8 Forest plot for the association between Apal Aa and AA genotype for (a) breast cancer; (b) prostate cancer; (c)
colorectal cancer; (d) cancers of the skin and thyroid, sarcoma, and pediatric solid tumors; (e) cancers of the lung and
ovary and multiple myeloma; (f) cancers of the esophagus, gallbladder, head and neck, kidney, and liver
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(c) Apal (Aa vs AA)

Author Odds Ratio [95% Cl]
CRC

Park, 2006 (Asian) i 0.61[0.30, 1.24]
Flugge, 2007 (Caucasian) e 1.03[0.68, 1.56]
Theodoratou, 2008 (Caucasian) HlH 1.07 [0.93, 1.24]
Mahmoudi, 2010 (Other) — 1.46 [0.89, 2.39]
Hughes, 2011 (Caucasian) —a— 0.97 [0.74, 1.28]
Lacmanska, 2014 (Caucasian) HE— 0.30[0.17, 0.52]
Rasool, 2014 (Other) A 0.36 [0.15, 0.85]
Sarkyssyan, 2014 (Other) —— 0.84 [0.48, 1.48]
Takeshige, 2015 (Asian) —— 1.03[0.71, 1.49]
Alkhayal, 2016 (Other) e 1.42[0.71, 2.84]
Vidigal, 2017 (Mixed) —_— 2.17[1.17,4.01]

T T T

0 1.25 25 3.75 5
(d) Apal (Aa vs AA)

Author Odds Ratio [95% Cl]
Sarcoma H
Ruza, 2003 (Ewing Sarcoma) (Caucasian) —_— 1.09[0.53, 2.23]
Ruza, 2003 (Osteosarcoma) (Caucasian) *—*-—' 1.16 [0.59, 2.28]
Skin
Randerson-Moor, 2009 (Study: Leeds CCS1) (Caucasian) 'vI—' 1.17[0.89, 1.53]
Randerson-Moor, 2009 (Study: Leeds CCS2) (Caucasian) = 1.17 [0.84, 1.62]
Lesiak, 2011 (BCC) (Caucasian) 1 1.51[0.84, 2.74]
Késtner, 2012 (BCC) (Caucasian) 1.56 [0.66, 3.67]
Kostner, 2012 (SCC) (Caucasian) —_— 1.14[0.50, 2.61]
Zeljic, 2014 (Caucasian) — 0.95[0.53, 1.68]
Burns, 2017 (Caucasian) ——y 0.79[0.37, 1.73]
Thyroid :
Penna-Martinez, 2009 (Follicular) (Caucasian) 3.79[1.40, 10.26]
Penna-Martinez, 2009 (Papillary) (Caucasian) ——— 0.82[0.52, 1.30]
Beysel, 2018 (Other) —— 1.00 [0.62, 1.61]

I T T T 1

0 1.25 25 3.75 5

Fig. 4.8 (continued)
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(e) Apal (Aa vs AA)
Author Odds Ratio [95% Cl]
Lung H
Dogan, 2009 (Other) —— 1.11[0.66, 1.86]
Kaabachi, 2014 (African) '—"'—' 0.87[0.60, 1.26]
Wu, 2016 (Asian) —.— 0.841[0.59,1.19]
Gromowski, 2017 (Caucasian) '-I"' 0.87[0.68,1.11]

Multiple Myeloma H
Shafia, 2013 (Other) —_—— 1.54[0.79, 3.01]

Chen, 2017 (Asian) '—I—' 0.69 [0.45, 1.05]
Ovary H
Lurie, 2007 (Asian) '—*—' 1.04[0.41,2.67]
Lurie, 2007 (Caucasian) '—'—' 0.79 [0.41, 1.55]
Clendenen, 2008 (Caucasian) —— 1.00[0.58, 1.73]
Grant, 2013 (African-American) '—-—' 1.40[0.65, 3.01]
Grant, 2013 (Caucasian) —— 1.10[0.81, 1.50]
I T 1 T T T 1
0 05 1 2 3 4 5
(f) Apal (Aa vs AA)
Author Odds Ratio [95% CI]
Esophageal :
Chang, 2012 (Caucasian) '—l—' 0.79[0.43, 1.43]
Gallbladder H
Li, 2013 (Asian) '—I—'—' 0.80[0.55, 1.15]

Head and neck

Zeljic, 2012 (Caucasian) 2.44[1.31,4.54]
Kidney i
Obara, 2007 (Asian) i 0.35[0.16, 0.78]
Yang, 2016 (Asian) '—.—"' 0.58[0.32, 1.08]
Liver :
Falleti, 2010 (Caucasian) '—'——' 0.88[0.48, 1.60]
Hung, 2014 (Asian) 1.00 [0.22, 4.56]
[ T T T T T 1
0 05 1 2 3 4 5

Fig. 4.8 (continued)
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Martinez [163], analyzing the thyroid follicular
and papillary carcinoma, showed no correlation
between Apal and cancer risk for the papillary
carcinoma, whereas an almost fourfold increased
risk was observed for the follicular type for aa vs
AA (OR = 3.82, 95%CI: 1.27, 11.49) and for Aa
vs AA (OR = 3.79, 95%CI: 1.40, 10.26). A
subsequent study in a Turkish [20] population
did not reveal any effect of Apal on papillary
carcinoma.

For renal cell carcinoma, we found two papers,
both showing a risk reduction for aa and Aa vs
AA. Other studies reported not association for the
Apal polymorphism and cancer risk.

Cdx2 and Cancer

Cdx2, located in the 5’ region of the VDR, has
been suggested to modulate promoter activity [9].

Since 2005 28 studies included Cdx2, 7 in
prostate cancer, 6 in breast cancer, 5 in colorectal
and 2 in skin cancer, and 9 in other cancer sites.
The studies were conducted mainly in North
America and Europe, three were in China, one
was in Pakistan, and one was in New Zealand
(Table 4.1; Figs. 4.9 and 4.10).

Data were summarized in a previous meta-
analysis published by Serrano et al. in 2016
[185] that estimated a modest but significant
increased risk for all cancer sites: SOR = 1.12
(95%CI: 1.00-1.25) for gg versus the GG geno-
type and 1.03 (95%CI: 0.96-1.10) for Gg versus
the GG genotype (Table 4.1; Figs. 4.9 and 4.10).

Breast Cancer

For breast cancer Anderson [6] had the largest
series with 1546 cases and 1627 controls.
Subjects with gg have a significant 50% increased
risk for breast cancer (OR = 1.49, 95%CI:
1.05-2.11), but in the same cohort, the Gg is
suggested to have a protective effect with a 17%
significant risk reduction (OR = 0.83, 95%CI:

P. Gnagnarella et al.

0.72-0.97). Pooling estimates, Serrano found a
non-significant increased risk for carriers of gg
genotype (Summary OR = 1.22, 95%CIL:
0.70-2.12) and a non-significant reduction in
breast cancer for carriers of heterozygous Gg
genotype (summary OR = 0.97, 95%CI:
0.70-1.36) [185]. In a meta-analysis published
by Zhou et al., Cdx2 might be associated with
the risk of breast cancer in African-Americans
[233], consistent with the data reported by
Huang et al. [94].

The three more recent studies (Clendenen et al.
[40] carried out in Sweden, Igbal et al. [100]
carried out in Pakistan, Amadori et al. [5] that
presented data for Cdx2 only for Italian subjects)
do not suggest any significant associations.

Prostate Cancer

Five of the seven studies [38, 86, 103, 137, 206]
were included in a recent meta-analysis
[185]. Cdx2 was found to be not associated with
prostate cancer: SOR was 1.09 (95%CI:
0.73-1.64) and 1.01 (95%CI: 0.83-1.22) for gg
and Gg versus the GG genotype, respectively.
Results of the two recent studies (Gilbert et al.
[67] that presented the results of the ProtecT
studies carried out in the UK and Deschasaux
et al. [48] that presented the results of the SU.
VI. MAX nested case-control study carried out in
France) also do not support an association.

Colorectal Cancer

In all studies but one [18] for CRC published
since 2007, a consistent trend toward an increased
risk is observed for subjects carrying gg genotype
[60, 154, 193, 203]; however, the SORs obtained
in the meta-analysis by Serrano et al. [185] do not
confirm a significant increased risk: 1.24 (95%CI:
0.94-1.63) and 1.09 (95%CI: 0.96-1.24) for gg
and Gg versus the GG genotype, respectively.
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(a) Cdx2 (gg vs GG)
Author Odds Ratio [95% CI]
Breast
Abbas, 2008 (Caucasian) '—l—' 0.94 [0.66, 1.33]
Anderson, 2011 (Caucasian) '—-—| 1.49[1.05, 2.11]
Yao, 2012 (African-American) !—-—' 1.94 [1.01, 3.74]
Yao, 2012 (Caucasian) '—'—' 0.83[0.39, 1.75]
Clendenen, 2015 (Caucasian) il 0.77 [0.54, 1.09]
Igbal, 2015 (Other) '—-—-—| 0.55[0.21, 1.44]
Amadori, 2017 (Caucasian) 1.30[0.29, 5.85]
I T T T T T 1
0 05 1 2 3 4 5
(b) Cdx2 (gg vs GG)
Author Odds Ratio [95% CI]
Prostate
John, 2005 (Caucasian) i 0.90 [0.48, 1.68]
Cicek, 2006 (Caucasian) '—I——' 0.63 [0.30, 1.31]
Mikhak, 2007 (Caucasian) —— 0.91[0.56, 1.49]
Torkko, 2008 (Caucasian) —_— 2.09[1.13, 3.85]
Torkko, 2008 (Hispanic) '—l——‘ 0.49[0.18, 1.37]
Rowland, 2013 (African-American) t—-—c 1.80[0.98, 3.33]
Rowland, 2013 (Caucasian) — 0.98 [0.64, 1.48]
Gilbert, 2015 (Caucasian) —— 1.31[0.86, 2.00]
Deschasaux, 2016 (Caucasian) 1.31[0.45, 3.78]
[ I—— T T T 1
0 05 1 2 3 4 5

Fig. 4.9 Forest plot for the association between Cdx2 gg and GG genotype for (a) breast cancer; (b) prostate cancer; (c)
colorectal cancer; (d) cancers of the skin, pediatric solid tumors, and tobacco-related cancers; (e) cancers of the brain,
esophagus, kidney, lung, and ovary
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(c)

Author

Cdx2 (gg vs GG)

Odds Ratio [95% CI]

CRC

Flugge, 2007 (Caucasian)
Ochs-Balcom, 2008 (Caucasian)
Theodoratou, 2008 (Caucasian)
Slattery, 2009 (Caucasian)

Bentley, 2012 (Caucasian)

(d)

— 1.00 [0.53, 1.87]

2.27[0.95, 5.41]

I 1.15[0.85, 1.57]

—— 1.29[0.96, 1.72]

— 0.80 [0.27, 2.37]
—— T T T 1
0 05 1 2 3 4 5

Cdx2 (gg vs GG)

Author 0Odds Ratio [95% CI]
Skin

Han, 2007 (Caucasian) —— 0.58(0.21, 1.58]
Han (BCC), 2007 (Caucasian) —— 0.94[0.45, 1.99]
Han (SCC), 2007 (Caucasian) —_— 1.35[0.67, 2.71]
Randerson-Moor, 2009 (Study: Leeds CCS1) (Caucasian) *—_'—4 1.20[0.69, 2.08]
Randerson-Moor, 2009 (Study: Leeds CCS2) (Caucasian) '—l—* 0.99[0.54, 1.84]
Solid tumor pediatric

Bienertova-Vaskua, 2016 (Caucasian) '——'—' 1.18[0.66, 2.10]
Tobacco-related cancers

Deschasaux, 2015 (Caucasian) ¢—I—'—1 0.46 [0.16, 1.28]

Fig. 4.9 (continued)
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(e)

Author

99

Cdx2 (gg vs GG)

0Odds Ratio [95% CI]

Brain

Anic, 2012 (Caucasian) 0.68[0.36, 1.28]
Esophageal
Gu, 2014 (Asian) —.-— 1.01[0.73, 1.40]
Kidney
Yang, 2016 (Asian) —— 1.10[0.68, 1.78]
Lung
Wu, 2016 (Asian) ‘-l—‘ 0.96 [0.79, 1.29]
Gromowski, 2017 (Caucasian) '—'—' 0.27 [0.08, 0.99]
Ovary
Lurie, 2007 (Asian) ‘—'~—‘ 0.90 [0.40, 1.80]
Lurie, 2007 (Caucasian) 1.50 [0.40, 5.20]
Tworoger, 2009 (Caucasian) '—-—' 1.00[0.71, 1.42]
[ I l I I 1
0 05 1 3 4 5

Fig. 4.9 (continued)

Other Cancers

Several studies presented risk estimates for other
cancer sites: skin cancer [79, 173], ovarian cancer
[127, 209], brain cancer [8] and esophageal can-
cer [72], renal cell cancer [222], lung cancer [69,
218], all solid pediatric tumor together [21], and
all tobacco-related cancers [47]. None of them
found significant association except for
Gromowski et al. [69] who observed a significant
inverse association with lung cancer of gg geno-
type vs GG (SOR = 0.27, 95%CI: 0.08-0.99)
(Table 4.1; Figs. 4.9 and 4.10).

Conclusions and Discussion

Over the last 30 years, an increasing number of
studies have examined the association of VDR
polymorphisms and cancer. We performed a com-
prehensive review of the literature on the VDR
Fokl, Bsml, Taql, Apal, and Cdx2
polymorphisms and cancer risk. We identified
176 independent studies published up to 2018
with data to calculate cancer risk estimates for
19 cancer sites. The four most studied cancer

types were prostate, breast, colorectal, and skin
cancer.

We found some significant associations with
VDR polymorphisms for all genotypes with pros-
tate, breast, and colon-rectum cancer, even if the
associations are sometime heterogeneous. VDR
Fokl polymorphisms might modulate the risk of
cancer of breast and possibly affect cancer risk at
any site. BsmI B allele was suggested to reduce
cancer risk at most sites, especially colon-rectal
and skin. Some opposite effect of B allele was
suggested for ovarian and bladder cancer and for
non-Hodgkin lymphoma, which could be spuri-
ous results due to the small number of studies and
included subjects. For some cancer sites, espe-
cially breast cancer, opposite risk estimates were
obtained in some studies, possibly suggesting
different effect of B allele in sub-populations
and/or interaction with other genetic and host
factors. This would be warranted to be further
investigated in future studies.

For skin cancer significant associations with
VDR polymorphisms have been reported for
Fokl, Bsml, and Taql.

No significant association has been reported
for esophageal cancer, non-Hodgkin lymphoma,
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(a)

Author

Cdx2 (Gg vs GG)

0Odds Ratio [95% CI]

Breast

Abbas, 2008 (Caucasian)
Anderson, 2011 (Caucasian)
Yao, 2012 (African-American)
Yao, 2012 (Caucasian)
Clendenen, 2015 (Caucasian)
Igbal, 2015 (Other)

Amadori, 2017 (Caucasian)

(b)

Author

0 05

Cdx2 (Gg vs GG)

1

1.08 [0.94, 1.25]
0.830.72, 0.97]
1.55[0.79, 3.03]
0.99 [0.72, 1.36]
1.15[0.93, 1.41]
0.52[0.30, 0.88]

0.710.28, 1.83]

0Odds Ratio [95% CI]

Prostate

John, 2005 (Caucasian)

Cicek, 2006 (Caucasian)

Mikhak, 2007 (Caucasian)

Torkko, 2008 (Caucasian)

Torkko, 2008 (Hispanic)

Rowland, 2013 (African-American)
Rowland, 2013 (Caucasian)
Gilbert, 2015 (Caucasian)

Deschasaux, 2016 (Caucasian)

0 05

1

0.86 [0.64, 1.15]
0.92[0.63, 1.34]
1.16 [0.90, 1.48]
1.011[0.76, 1.35]
0.83[0.53, 1.32]
1.55[0.82, 2.92)
0.89 [0.58, 1.36]
0.930.76, 1.13]

0.71[0.43, 1.17]

Fig. 4.10 Forest plot for the association between Cdx2 Gg and GG genotype for (a) breast cancer; (b) prostate cancer;
(c) colorectal cancer; (d) cancers of the skin, pediatric solid tumors, and tobacco-related cancers; (e) cancers of the brain,

esophagus, kidney, lung, and ovary
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(c)

Author

Cdx2 (Gg vs GG)

0Odds Ratio [95% CI]

CRC

Flugge, 2007 (Caucasian)
Ochs-Balcom, 2008 (Caucasian)
Theodoratou, 2008 (Caucasian)
Slattery, 2009 (Caucasian)

Bentley, 2012 (Caucasian)

(d)

Author

— 1.00 [0.69, 1.44]

—— 1.07[0.70, 1.63]

i 0 1.13[0.99, 1.29]

Y 1.07[0.93, 1.24]

I 0.850.28, 2.57]
—— T T T 1
0 05 1 2 3 4 5

Cdx2 (Gg vs GG)

0dds Ratio [95% CI]

Skin

Han, 2007 (Caucasian)

Han (BCC), 2007 (Caucasian)

Han (SCC), 2007 (Caucasian)

Randerson-Moor, 2009 (Study: Leeds CCS1) (Caucasian)

Randerson-Moor, 2009 (Study: Leeds CCS2) (Caucasian)
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sarcoma, pediatric solid tumor, and tobacco-
related cancers.

In a previous meta-analysis [171], we found
that VDR Fok1 and Bsml polymorphisms might
modulate the risk of cancer of the breast, skin, and
prostate and possibly affect cancer risk at any site
in Caucasians. We found a significant 30%
increase in skin cancer risk and 14% increase in
breast cancer risk with Fokl ff compared to FF
genotype. We found a significant 17% reduction
in prostate cancer risk with Bsml Bb compared to
bb genotype (SOR; 95%CI: 0.83; 0.69-0.99). In
Caucasian populations, both Bb and BB carriers
had a significant reduced risk of cancer at any site.

The more recent meta-analysis published by
Xu et al. [220] indicated that b allele of Bsml
polymorphism was a risk factor for cancer sus-
ceptibility. Moreover, f allele of Fokl polymor-
phism was a risk factor for ovarian and skin
cancer and a protective factor for glioma. Further-
more, ¢ allele of Taq ! polymorphism was found to
be positively associated with oral, breast, and
basal cell cancer and inversely with prostate can-
cer. Finally, a allele of Apal polymorphism was a
risk factor for basal cell cancer in Asian
population.

In 2015, another meta-analysis evaluated the
associations between VDR gene polymorphisms
(Cdx-2, Fokl, Bsml, Apal, and Taql) and female
reproductive cancers (breast, ovarian, cervical,
endometrial, uterine, and vaginal cancers)
[145]. Up to April 2014, the authors evaluated
the risks for reproductive cancers under the het-
erozygous, homozygous, dominant, and recessive
models with fixed or random effects models.
They indicated that the Fokl polymorphism was
related to increased risks for breast and ovarian
cancers, whereas the Bsml polymorphism was
associated with a decreased risk for developing
these cancers.

A meta-analysis published by Serrano et al. in
2016 [185] assessed the association of Tagql,
Apal, and Cdx2 SNPs with the risk of cancer
and estimated a modest but significant increased
risk for any cancer site for Cdx2: summary
OR = 1.12 (95%CI: 1.00-1.25) for gg versus
the GG genotype and 1.03 (95%CI: 0.96-1.10)
for Gg versus the GG genotype.

Two meta-analyses were recently published
[35, 228]. Yu found the 7t genotype of Tagl
inversely associated with lung cancer risk com-
pared with the Taql Tt + TT genotype
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(OR = 0.70, 95%CI = 0.55-0.90) [228], while
Chen [35] confirmed the association in particular
in Asian population and suggested that PCa
patients carrying the ¢ allele or 7 genotype were
less likely to progress to advanced stage.

There are several potential explanations for
contrasting results and inconsistencies in findings
for these common SNPs. Design issue or small
sample size may limit the generalizability of the
results. It is well established that VDR genotypes
vary widely by ethnicity and it is needed to eval-
uate these associations among ethnic subgroups
to evaluate differences in allele frequency
[168, 207]. We considered the deviation from
H-W disequilibrium in controls as an indication
that the alleles remain constant and are not
segregating independently. There are several
reasons for heterogeneity, including non-random
matching (which encompasses admixture), biased
selection of subjects from the population,
genotyping error, population stratification, and
adjustment for confounders. Sun exposure and
dietary consumption are potential modification
of the genotype-cancer associations.

To conclude, there is some indication that
VDR polymorphisms may modulate the risk of
some cancer sites and in future studies VDR
genetic variation should be integrated also with
prediagnostic biomarkers of vitamin D status.

Acknowledgments We thank the Fondazione Umberto
Veronesi (FUV) and Italian Association Against Cancer
for the financial support. This work was partially
supported by the Italian Ministry of Health with Ricerca
Corrente and 5x1000 funds.

References

1. Abbas S, Nieters A, Linseisen J, Slanger T, Kropp S,
Mutschelknauss EJ, Flesch-Janys D, Chang-Claude
J. Vitamin D receptor gene polymorphisms and
haplotypes and postmenopausal breast cancer risk.
Breast Cancer Res. 2008;10(2):R31.

2. Abd-Elsalam EA, Ismaeil NA, Abd-Alsalam
HS. Vitamin D receptor gene polymorphisms and
breast cancer risk among postmenopausal Egyptian
women. Tumour Biol J Int Soc Oncodev Biol Med.
2015;36(8):6425-31.

3. Akilzhanova A, Abilova Z, Sikhayeva N,
Shtefanov I, Makishev A, Adylkhanov T,

10.

11.

12.

13.

103

Rakhypbekov T, Zhumadilov Z, Momynaliev
K. Vitamin D receptor gene polymorphisms and
breast cancer risk in Kazakhstan. Cent Asian J Glob
Health. 2014;2(Suppl):95.

. Alkhayal KA, Awadalia ZH, Vaali-Mohammed MA,

Al Obeed OA, Al Wesaimer A, Halwani R, Zubaidi
AM, Khan Z, Abdulla MH. Association of vitamin D
receptor gene polymorphisms with colorectal cancer
in a Saudi Arabian population. PloS One. 2016;11(6):
e0155236.

. Amadori D, Serra P, Masalu N, Pangan A, Scarpi E,
Bugingo AM, Katabalo D, Ibrahim T,
Bongiovanni A, Miserocchi G, Spadazzi C,

Liverani C, Turri V, Tedaldi R, Mercatali
L. Vitamin D receptor polymorphisms or serum
levels as key drivers of breast cancer development?
the question of the vitamin D pathway. Oncotarget.
2017;8(8):13142-56.

. Anderson LN, Cotterchio M, Cole DE, Knight

JA. Vitamin D-related genetic variants, interactions
with vitamin D exposure, and breast cancer risk
among Caucasian women in Ontario. Cancer
Epidemiol Biomarkers Prev. 2011;20(8):1708-17.

. Andersson P, Varenhorst E, Soderkvist P. Androgen

receptor and vitamin D receptor gene polymorphisms
and prostate cancer risk. Eur J Cancer (Oxford,
England: 1990). 2006;42(16):2833-7.

. Anic GM, Thompson RC, Nabors LB, Olson JJ,

Browning JE, Madden MH, Murtagh FR, Forsyth
PA, Egan KM. An exploratory analysis of common
genetic variants in the vitamin D pathway including
genome-wide associated variants in relation to gli-
oma risk and outcome. Cancer Causes Control: CCC.
2012;23(9):1443-9.

. Arai H, Miyamoto KI, Yoshida M, Yamamoto H,

Taketani Y, Morita K, Kubota M, Yoshida S,
Ikeda M, Watabe F, Kanemasa Y, Takeda E. The
polymorphism in the caudal-related homeodomain
protein Cdx-2 binding element in the human vitamin
D receptor gene. J Bone Miner Res Off ] Am Soc
Bone Miner Res. 2001;16(7):1256-64.

Arjumand W, Ahmad ST, Seth A, Saini AK, Sultana
S. Vitamin D receptor Fokl and Bsml gene polymor-
phism and its association with grade and stage of
renal cell carcinoma in North Indian population.
Tumour Biol J Int Soc Oncodev Biol Med. 2012;33
(1):23-31.

Atoum MF, Al-Khatib YM. Association between
serum 25-hydroxy vitamin D concentration and
Tagl vitamin D receptor gene polymorphism
among Jordanian females with breast cancer. Chin
Med J. 2017;130(9):1074-8.

Atoum MF, Tchoporyan MN. Association between
circulating vitamin D, the Taql vitamin D receptor
gene polymorphism and colorectal cancer risk among
Jordanians. Asian Pac J Cancer Prev APJCP. 2014;15
(17):7337-41.

Atoum MF, AlKateeb D, AlHaj Mahmoud SA. The
Fok1 vitamin D receptor gene polymorphism and 25



104

14.

16.

17.

18.

19.

20.

21.

22.

23.

24.

(OH) D serum levels and prostate cancer among
Jordanian men. Asian Pac J Cancer Prev APJCP.
2015;16(6):2227-30.

BaiY,YuY, YuB,Gel,JiJ, LuH, Weil, Weng Z,
Tao Z, Lu J. Association of vitamin D receptor
polymorphisms with the risk of prostate cancer in
the Han population of Southern China. BMC Med
Genet. 2009;10:125-2350-10-125.

. Barroso E, Fernandez LP, Milne RL, Pita G,

Sendagorta E, Floristan U, Feito M, Aviles JA,
Martin-Gonzalez M, Arias JI, Zamora P, Blanco M,
Lazaro P, Benitez J, Ribas G. Genetic analysis of the
vitamin D receptor gene in two epithelial cancers:
melanoma and breast cancer case-control studies.
BMC Cancer. 2008;8(1):385.

Bektas-Kayhan K, Unur M, Yaylim-Eraltan I, Ergen
HA, Toptas B, Hafiz G, Karadeniz A, Isbir
T. Association of vitamin D receptor Taq I polymor-
phism and susceptibility to oral squamous cell carci-
noma. In Vivo (Athens, Greece). 2010;24(5):755-9.
Ben Fradj MK, Kallel A, Gargouri MM, Chehida
MA, Sallemi A, Ouanes Y, Rhouma SB, Riadh J,
Feki M, Nouira Y, Kaabachi N. Association of Fokl
polymorphism of vitamin D receptor with urothelial
bladder cancer in Tunisians: role of tobacco smoking
and plasma vitamin D concentration. Tumour Biol J
Int Soc Oncodev Biol Med. 2016;37(5):6197-203.
Bentley RW, Keown DA, Gearry RB, Cameron VA,
Keenan J, Roberts RL, Day AS. Vitamin D receptor
polymorphisms in colorectal cancer in New Zealand:
an association study. N Z Med J. 2012;125
(1356):47-51.

Berlin JA. Invited commentary: benefits of heteroge-
neity in meta-analysis of data from epidemiologic
studies. Am J Epidemiol JID — 7910653. 1995;142
(4):383-17.

Beysel S, Eyerci N, Pinarli FA, Apaydin M,
Kizilgul M, Caliskan M, Ozcelik O, Kan S, Cakal
E. VDR gene Fokl polymorphism as a poor prognos-
tic factor for papillary thyroid cancer. Tumour Biol J

Int  Soc Oncodev Biol Med. 2018;40
(11):1010428318811766.
Bienertova-Vasku J, Drabova K, Zlamal F,

Tomandl J, Kyr M, Splichal Z, Sterba J. Pre-treatment
VD levels and VDR receptors as potential predictors
of occurrence and overall survival in paediatric
patients with solid tumours-a single institution pilot
study. Tumour Biol J Int Soc Oncodev Biol Med.
2016;37(7):9209-19.

Blazer DG 3rd, Umbach DM, Bostick RM, Taylor
JA. Vitamin D receptor polymorphisms and prostate
cancer. Mol Carcinog. 2000;27(1):18-23.

Bouillon R, Carmeliet G, Verlinden L, van Etten E,
Verstuyf A, Luderer HF, Lieben L, Mathieu C,
Demay M. Vitamin D and human health: lessons
from vitamin D receptor null mice. Endocr Rev.
2008;29(6):726-76.

Braczkowski RS, Kwiatkowski R, Danikiewicz A,
Gorczynska-Kosiorz S, Trautsolt W,

25.

26.

217.

28.

29.

30.

31

32.

33.

34.

35.

P. Gnagnarella et al.

Braczkowska B, Grzeszczak W. Vitamin D receptor
gene polymorphisms and prostate cancer. J Biol
Regul Homeost Agents. 2018;32(5):1245-8.

Burns EM, Guroji P, Ahmad I, Nasr HM, Wang Y,
Tamimi IA, Stiefel E, Abdelgawwad MS, Shaheen A,
Muzaffar AF, Bush LM, Hurst CB, Griffin RL,
Elmets CA, Yusuf N. Association of vitamin D
receptor polymorphisms with the risk of
nonmelanoma skin cancer in adults. JAMA
Dermatol. 2017;153(10):983-9.

Buyru N, Tezol A, Yosunkaya-Fenerci E, Dalay
N. Vitamin D receptor gene polymorphisms in breast
cancer. Exp Mol Med. 2003;35(6):550-5.

Cauci S, Maione V, Buligan C, Linussio M,
Serraino D, Stinco G. Bsml (rs1544410) and Fokl
(rs2228570) vitamin D receptor polymorphisms,
smoking, and body mass index as risk factors of
cutaneous malignant melanoma in northeast Italy.
Cancer Biol Med. 2017;14(3):302—-18.
Chaimuangraj S, Thammachoti R,
Ongphiphadhanakul B, Thammavit W. Lack of asso-
ciation of VDR polymorphisms with Thai prostate
cancer as compared with benign prostate hyperplasia
and controls. Asian Pac J Cancer Prev APJCP.
2006;7(1):136-9.

Chakraborty A, Mishra AK, Soni A, Regina T,
Mohil R, Bhatnagar D, Bhatnagar A, Chintamani C,
Sharma PC, Saxena S. Vitamin D receptor gene
polymorphism(s) and breast cancer risk in north
Indians. Cancer Detect Prev. 2009;32(5-6):386-94.
Chang CK, Mulholland HG, Cantwell MM,
Anderson LA, Johnston BT, McKnight AJ,
Thompson PD, Watson RG, Murray LJ, FINBAR
Study Group. Vitamin d receptor gene variants and
esophageal adenocarcinoma risk: a population-based
case-control study. J Gastrointest Cancer. 2012;43
(3):512-17.

Chen H, Zhu J. Vitamin D receptor 1s2228570 poly-
morphism and susceptibility to ovarian cancer: an
updated meta-analysis. J Obstet Gynaecol Res.
2018;44(3):556-65.

Chen Y, Liu W, Sun T, Huang Y, Wang Y, Deb DK,
Yoon D, Kong J, Thadhani R, Li YC. 1,25-
Dihydroxyvitamin D promotes negative feedback
regulation of TLR signaling via targeting
microRNA-155-SOCS1 in macrophages. J Immunol
(Baltimore, Md: 1950). 2013;190(7):3687-95.

Chen J, Jiang CC, Jin L, Zhang XD. Regulation of
PD-L1: a novel role of pro-survival signalling in
cancer. Ann Oncol Off J Eur Soc Med Oncol/
ESMO. 2015;27(3):409-16.

Chen P, Du ZL, Zhang Y, Liu B, Guo Z, Lou JX, He
XP, Chen HR. Association of VEGF and VDR gene-
gene and gene- smoking interaction on risk of multi-
ple myeloma in Chinese Han population. Oncotarget.
2017;8(22):36509-16.

Chen L, Wei J, Zhang S, Lou Z, Wang X, Ren Y,
Qi H, Xie Z, Chen Y, Chen F, Wu Q, Fan X, Xu H,
Huang S, Weng G. Association of VDR gene Tag!



4 Vitamin D Receptor Polymorphisms and Cancer

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

polymorphism with the susceptibility to prostate can-
cer in Asian population evaluated by an updated
systematic meta-analysis. Onco Targets Ther.
2018;11:3267-80.

Cho YA, Lee J, Oh JH, Chang HJ, Sohn DK, Shin A,
Kim J. Vitamin D receptor Fokl polymorphism and
the risks of colorectal cancer, inflammatory bowel
disease, and colorectal adenoma. Sci Rep. 2018;8
(1):12899-018-31244-5.

Chokkalingam AP, McGlynn KA, Gao YT,
Pollak M, Deng J, Sesterhenn IA, Mostofi FK,
Fraumeni JF Jr, Hsing AW. Vitamin D receptor
gene polymorphisms, insulin-like growth factors,
and prostate cancer risk: a population-based case-
control study in China. Cancer Res. 2001;61
(11):4333-6.

Cicek MS, Liu X, Schumacher FR, Casey G, Witte
JS. Vitamin D receptor genotypes/haplotypes and
prostate cancer risk. Cancer Epidemiol Biomarkers
Prev. 2006;15(12):2549-52.

Clendenen TV, Arslan AA, Koenig KL, Enquist K,
Wirgin I, Agren A, Lukanova A, Sjodin H,
Zeleniuch-Jacquotte A, Shore RE, Hallmans G,
Toniolo P, Lundin E. Vitamin D receptor
polymorphisms and risk of epithelial ovarian cancer.
Cancer Lett. 2008;260(1-2):209-15.

Clendenen TV, Ge W, Koenig KL, Axelsson T,
Liu M, Afanasyeva Y, Andersson A, Arslan AA,
Chen Y, Hallmans G, Lenner P, Kirchhoff T,
Lundin E, Shore RE, Sund M, Zeleniuch-Jacquotte
A. Genetic polymorphisms in vitamin D metabolism
and signaling genes and risk of breast cancer: a nested
case-control  study. PloS One. 2015;10(10):
€0140478.

Colston K, Colston MJ, Feldman D. 1,25-
dihydroxyvitamin D3 and malignant melanoma: the
presence of receptors and inhibition of cell growth in
culture. Endocrinology. 1981;108(3):1083-6.

Cong L, Wang WB, Liu Q, Du JJ. Fokl polymor-
phism of the vitamin D receptor gene is associated
with susceptibility to gastric cancer: a case-control
study. Tohoku J Exp Med. 2015;236(3):219-24.
Correa-Cerro L, Berthon P, Haussler J, Bochum S,
Drelon E, Mangin P, Fournier G, Paiss T,
Cussenot O, Vogel W. Vitamin D receptor
polymorphisms as markers in prostate cancer. Hum
Genet. 1999;105(3):281-7.

Curran JE, Vaughan T, Lea RA, Weinstein SR,
Morrison NA, Griffiths LR. Association of A vitamin
D receptor polymorphism with sporadic breast cancer
development. Int J Cancer. Journal international du
cancer. 1999;83(6):723-6.

Dalessandri KM, Miike R, Wiencke JK, Farren G,
Pugh TW, Manjeshwar S, Defreese DC, Jupe
ER. Vitamin d receptor polymorphisms and breast
cancer risk in a high-incidence population: a pilot
study. J Am Coll Surg. 2012;215(5):652-7.

46.

47

48.

49.

50.

51

52.

53.

54.

55.

56.

105

DeLuca HF. Overview of general physiologic
features and functions of vitamin D. Am J Clin
Nutr. 2004;80(6 Suppl):1689S-96S.

. Deschasaux M, Souberbielle JC, Latino-Martel P,

Sutton A, Charnaux N, Druesne-Pecollo N,
Galan P, Hercberg S, Le Clerc S, Kesse-Guyot E,
Ezzedine K, Touvier M. Prospective associations
between vitamin D status, vitamin D-related gene
polymorphisms, and risk of tobacco-related cancers.
Am J Clin Nutr. 2015;102(5):1207-15.

Deschasaux M, Souberbielle JC, Latino-Martel P,
Sutton A, Charnaux N, Druesne-Pecollo N,
Galan P, Hercberg S, Le Clerc S, Kesse-Guyot E,
Ezzedine K, Touvier M. A prospective study of
plasma 25-hydroxyvitamin D concentration and pros-
tate cancer risk. Br J Nutr. 2016a;115(2):305-14.
Deschasaux M, Souberbielle JC, Latino-Martel P,
Sutton A, Charnaux N, Druesne-Pecollo N,
Galan P, Hercberg S, Le Clerc S, Kesse-Guyot E,
Ezzedine K, Touvier M. Weight status and alcohol
intake modify the association between vitamin D and
breast cancer risk. J Nutr. 2016b;146(3):576-85.
Dogan I, Onen HI, Yurdakul AS, Konac E, Ozturk C,
Varol A, Ekmekci A. Polymorphisms in the vitamin
D receptor gene and risk of lung cancer. Med Sci
Monit Int Med J Exp Clin Res. 2009;15(8):
BR232-42.

Dunning AM, McBride S, Gregory J, Durocher F,
Foster NA, Healey CS, Smith N, Pharoah PD, Luben
RN, Easton DF, Ponder BA. No association between
androgen or vitamin D receptor gene polymorphisms
and risk of breast cancer. Carcinogenesis. 1999;20
(11):2131-5.

Durrin LK, Haile RW, Ingles SA, Coetzee
GA. Vitamin D receptor 3'-untranslated region
polymorphisms: lack of effect on mRNA stability.
Biochim Biophys Acta. 1999;1453(3):311-20.
Eisman JA, Barkla DH, Tutton PJ. Suppression of
in vivo growth of human cancer solid tumor
xenografts by 1,25-dihydroxyvitamin D3. Cancer
Res. 1987;47(1):21-5.

El Ezzi AA, Boyko VG, Baker MT, Zaidan WR,
Hraiki KM, El Saidi MA, Kuddus RH. Association
of some polymorphisms in the VDR gene, CYP17
gene and SRD5A2 gene and prostate cancer among
lebanese men. Asian Pac J Cancer Prev: APJCP.
2017;18(1):93-100.

Elamin MB, Abu Elnour NO, Elamin KB, Fatourechi
MM, Alkatib AA, Almandoz JP, Liu H, Lane MA,
Mullan RJ, Hazem A, Erwin PJ, Hensrud DD, Murad
MH, Montori VM. Vitamin D and cardiovascular
outcomes: a systematic review and meta-analysis. J
Clin Endocrinol Metab. 2011;96(7):1931-42.
Elzehery RR, Baiomy AA, Hegazy MA, Fares R,
El-Gilany A, Hegazi R. Vitamin D status, receptor
gene Bsml (A/G) polymorphism and breast cancer in
a group of Egyptian females. Egypt J Med Hum
Genet. 2017;18(3):269-73.



106

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Engel LS, Orlow I, Sima CS, Satagopan J,
Mujumdar U, Roy P, Yoo S, Sandler DP, Alavanja
MC. Vitamin d receptor gene haplotypes and
polymorphisms and risk of breast cancer: a nested
case-control study. Cancer Epidemiol Biomarkers
Prev. 2012;21(10):1856-67.

Evans SR, Houghton AM, Schumaker L, Brenner
RV, Buras RR, Davoodi F, Nauta RJ, Shabahang
M. Vitamin D receptor and growth inhibition by
1,25-dihydroxyvitamin D3 in human malignant mel-
anoma cell lines. J Surg Res. 1996;61(1):127-33.
Falleti E, Bitetto D, Fabris C, Cussigh A, Fontanini E,
Fornasiere E, Fumolo E, Bignulin S, Cmet S,
Minisini R, Pirisi M, Toniutto P. Vitamin D receptor
gene polymorphisms and hepatocellular carcinoma in
alcoholic cirrhosis. World J Gastroenterol: WIG.
2010;16(24):3016-24.

Flugge J, Krusekopf S, Goldammer M, Osswald E,
Terhalle W, Malzahn U, Roots I. Vitamin D receptor
haplotypes protect against development of colorectal
cancer. Eur J Clin Pharmacol. 2007;63
(11):997-1005.

Fu B, Wang H, Wang J, Barouhas I, Liu W,
Shuboy A, Bushinsky DA, Zhou D, Favus
MJ. Epigenetic regulation of BMP2 by 1,25-
dihydroxyvitamin D3 through DNA methylation
and histone modification. PloS One. 2013;8(4):
e61423.

FuY,LiJ, Zhang Y. Polymorphisms in the vitamin D
receptor gene and the lung cancer risk. Tumour Biol J
Int Soc Oncodev Biol Med. 2014;35(2):1323-30.
Fuhrman BJ, Freedman DM, Bhatti P, Doody MM,
Fu YP, Chang SC, Linet MS, Sigurdson AJ. Sunlight,
polymorphisms of vitamin D-related genes and risk
of breast cancer. Anticancer Res. 2013;33(2):543-51.
Gandini S, Boniol M, Haukka J, Byrnes G, Cox B,
Sneyd MJ, Mullie P, Autier P. Meta-analysis of
observational studies of serum 25-hydroxyvitamin
D levels and colorectal, breast and prostate cancer
and colorectal adenoma. Int J Cancer, Journal inter-
national du cancer. 2011;128(6):1414-24.

Gapska P, Scott RJ, Serrano-Fernandez P,
Huzarski T, Byrski T, Kladny J, Gronwald J,
Gorski B, Cybulski C, Lubinski J, Debniak

T. Vitamin D receptor variants and breast cancer
risk in the Polish population. Breast Cancer Res
Treat.  2009a;115(3):629-33.  https://doi.org/10.
1007/s10549-008-0107-1

Gapska P, Scott RJ, Serrano-Fernandez P,
Mirecka A, Rassoud I, Gorski B, Cybulski C,
Huzarski T, Byrski T, Nagay L, Maleszka R,
Sulikowski M, Lubinski J, Debniak T. Vitamin D
receptor variants and the malignant melanoma risk:
a population-based study. Cancer Epidemiol.
2009b;33(2):103-7.

Gilbert R, Bonilla C, Metcalfe C, Lewis S, Evans
DM, Fraser WD, Kemp JP, Donovan JL, Hamdy
FC, Neal DE, Lane JA, Smith GD, Lathrop M, Martin
RM. Associations of vitamin D pathway genes with
circulating 25-hydroxyvitamin-D, 1,25-

68.

69.

70.

71

72.

73.

74.

75.

76.

1.

P. Gnagnarella et al.

dihydroxyvitamin-D, and prostate cancer: a nested
case-control study. Cancer Causes Control CCC.
2015;26(2):205-18.

Grant DJ, Hoyo C, Akushevich L, Iversen ES,
Whitaker R, Marks J, Berchuck A, Schildkraut
JM. Vitamin D receptor (VDR) polymorphisms and
risk of ovarian cancer in Caucasian and African
American women. Gynecol Oncol. 2013;129
(1):173-8.

Gromowski T, Gapska P, Scott RJ, Kaklewski K,
Marciniak W, Durda K, Lener M, Gorski B,
Cybulski C, Sukiennicki G, Kaczmarek K,
Jaworska-Bieniek K, Paszkowska-Szczur K,
Waloszczyk P, Lubinski J, Debniak T. Serum 25
(OH)D concentration, common variants of the VDR
gene and lung cancer occurrence. Int J Cancer.
2017;141(2):336-41.

Gross C, Krishnan AV, Malloy PJ, Eccleshall TR,
Zhao XY, Feldman D. The vitamin D receptor gene
start codon polymorphism: a functional analysis of
Fokl variants. J Bone Miner Res Off J Am Soc Bone
Miner Res. 1998;13(11):1691-9.

. Grunhage F, Jungck M, Lamberti C, Berg C,

Becker U, Schulte-Witte H, Plassmann D,
Rahner N, Aretz S, Friedrichs N, Buettner R,
Sauerbruch T, Lammert F. Association of familial
colorectal cancer with variants in the E-cadherin
(CDH1) and cyclin D1 (CCND1) genes. Int J Color
Dis. 2008;23(2):147-54.

Gu H, Wang X, Zheng L, Tang W, Dong C, Wang L,
Shi Y, Shao A, Ding G, Liu C, Liu R, Chen S, Yin
J. Vitamin D receptor gene polymorphisms and
esophageal cancer risk in a Chinese population: a
negative study. Med Oncol (Northwood, London,
England). 2014;31(2):827-013-0827-x.. Epub 2014
Jan 1

Gunduz M, Cacina C, Toptas B, Yaylim-Eraltan I,
Tekand Y, Isbir T. Association of vitamin D receptor
gene polymorphisms with colon cancer. Genet Test
Mol Biomarkers. 2012;16(9):1058-61.

Guo B, Jiang X, Hu X, Li F, Chen X. Association
between vitamin D receptor gene polymorphisms and
breast cancer in a Chinese population. Int J Clin Exp
Med. 2015;8(5):8020-4.

Guy M, Lowe LC, Bretherton-Watt D, Mansi JL,
Colston KW. Approaches to evaluating the associa-
tion of vitamin D receptor gene polymorphisms with
breast cancer risk. Recent results in cancer research
Fortschritte der Krebsforschung Progres dans les
recherches sur le cancer. 2003;164:43-54.

Habuchi T, Suzuki T, Sasaki R, Wang L, Sato K,
Satoh S, Akao T, Tsuchiya N, Shimoda N, Wada Y,
Koizumi A, Chihara J, Ogawa O, Kato T. Association
of vitamin D receptor gene polymorphism with pros-
tate cancer and benign prostatic hyperplasia in a
Japanese population. Cancer Res. 2000;60(2):305-8.
Haikal Ali NM, El-Hussiny MA, Farouk O, Hashem
Abo EM. Bsml gene polymorphism of the vitamin D
receptor in breast cancer patients: influence of obesity


https://doi.org/10.1007/s10549-008-0107-1
https://doi.org/10.1007/s10549-008-0107-1

4 Vitamin D Receptor Polymorphisms and Cancer

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

and relevant drugs. Comp Clin Pathol. 2017;26
(1):127-34.

Han J, Colditz GA, Hunter DJ. Risk factors for skin
cancers: a nested case-control study within the
Nurses” Health Study. Int J Epidemiol. 2006;35
(6):1514-21.

Han J, Colditz GA, Hunter DJ. Polymorphisms in the
MTHEFR and VDR genes and skin cancer risk. Carci-
nogenesis. 2007;28(2):390-7.

Hansen CM, Madsen MW, Arensbak B, Skak-
Nielsen T, Latini S, Binderup L. Down-regulation
of laminin-binding integrins by 1 alpha,25-
dihydroxyvitamin D3 in human melanoma cells
in vitro. Cell Adhes Commun. 1998;5(2):109-20.
Hayes VM, Severi G, Padilla EJ, Eggleton SA,
Southey MC, Sutherland RL, Hopper JL, Giles
GG. Genetic variants in the vitamin D receptor gene
and prostate cancer risk. Cancer Epidemiol
Biomarkers Prev. 2005;14(4):997-9.

Hefler LA, Tempfer CB, Grimm C, Lebrecht A,
Ulbrich E, Heinze G, Leodolter S, Schneeberger C,
Mueller MW, Muendlein A, Koelbl H. Estrogen-
metabolizing gene polymorphisms in the assessment
of breast carcinoma risk and fibroadenoma risk in
Caucasian women. Cancer. 2004;101(2):264-9.
Hewison M. An update on vitamin D and human
immunity. Clin Endocrinol. 2012;76(3):315-25.
Holick MF. Vitamin D deficiency. N Engl J Med.
2007;357(3):266-81.

Holick CN, Stanford JL, Kwon EM, Ostrander EA,
Nejentsev S, Peters U. Comprehensive association
analysis of the vitamin D pathway genes, VDR,
CYP27B1, and CYP24Al, in prostate cancer. Cancer
Epidemiol Biomarkers Prev. 2007;16(10):1990-9.
Holt SK, Kwon EM, Peters U, Ostrander EA,
Stanford JL. Vitamin D pathway gene variants and
prostate cancer risk. Cancer Epidemiol Biomarkers
Prev. 2009;18(6):1929-33.

Hossain S, Beydoun MA, Beydoun HA, Chen X,
Zonderman AB, Wood RJ. Vitamin D and breast
cancer: A systematic review and meta-analysis of
observational ~ studies. Clin  Nutr  ESPEN.
2019;30:170-84.

Hou MF, Tien YC, Lin GT, Chen CJ, Liu CS, Lin
SY, Huang TJ. Association of vitamin D receptor
gene polymorphism with sporadic breast cancer in
Taiwanese patients. Breast Cancer Res Treat.
2002;74(1):1-7.

HuJ, QiuZ, Zhang L, Cui F. Kallikrein 3 and vitamin
D receptor polymorphisms: potentials environmental
risk factors for prostate cancer. Diagn Pathol.
2014;9:84-1596-9-84.

Huang. Relationship between genotypes and
haplotypes of vitamin D receptor gene and breast
cancer. ] Med Res. 2012;41:89-91.

Huang SP, Chou YH, Wayne Chang WS, Wu MT,
Chen YY, Yu CC, Wu TT, Lee YH, Huang JK, Wu
WIJ, Huang CH. Association between vitamin D
receptor polymorphisms and prostate cancer risk in

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

107

a Taiwanese population. Cancer Lett. 2004;207
(1):69-717.

Huang SP, Huang CY, Wu WJ, Pu YS, Chen J, Chen
YY, Yu CC, Wu TT, Wang JS, Lee YH, Huang JK,
Huang CH, Wu MT. Association of vitamin D recep-
tor Fokl polymorphism with prostate cancer risk,
clinicopathological features and recurrence of pros-
tate specific antigen after radical prostatectomy. Int J
Cancer, Journal international du cancer. 2006;119
(8):1902-17.

Huang X, Cao Z, Zhang Z, Yang Y, Wang J, Fang
D. No association between vitamin D receptor gene
polymorphisms and nasopharyngeal carcinoma in a
Chinese Han population. Biosci Trends. 2011;5
(3):99-103.

Huang J, Huang J, Ma Y, Wang H, Yang J, Xiong T,
Du L. The Cdx-2 polymorphism in the VDR gene is
associated with increased risk of cancer: a meta-
analysis. Mol Biol Rep. 2013;40(7):4219-25.
Hughes DJ, Hlavata I, Soucek P, Pardini B,
Naccarati A, Vodickova L, Jenab M, Vodicka
P. Variation in the vitamin D receptor gene is not
associated with risk of colorectal cancer in the Czech
Republic. J Gastrointest Cancer. 2011;42(3):149-54.
Hung CH, Chiu YC, Hu TH, Chen CH, Lu SN,
Huang CM, Wang JH, Lee CM. Significance of vita-
min D receptor gene polymorphisms for risk of hepa-
tocellular carcinoma in chronic hepatitis C. Transl
Oncol. 2014;7(4):503-7.

Ingles SA, Haile RW, Henderson BE, Kolonel LN,
Nakaichi G, Shi CY, Yu MC, Ross RK, Coetzee
GA. Strength of linkage disequilibrium between two
vitamin D receptor markers in five ethnic groups:
implications for association studies. Cancer
Epidemiol Biomarkers Prev. 1997;6(2):93-8.

Ingles SA, Coetzee GA, Ross RK, Henderson BE,
Kolonel LN, Crocitto L, Wang W, Haile
RW. Association of prostate cancer with vitamin D
receptor haplotypes in African-Americans. Cancer
Res. 1998;58(8):1620-3.

Igbal MUN, Khan TA. Association between vitamin
D receptor (Cdx 2, Fokl, Bsml, Apa 1, Bgl 1, Taql,
and Poly (A)) gene polymorphism and breast cancer:
a systematic review and meta-analysis. Tumour Biol
J Int Soc Oncodev Biol Med. 2017;39
(10):1010428317731280.

Igbal M, Khan TA, Magbool SA. Vitamin D receptor
Cdx-2 polymorphism and premenopausal breast can-
cer risk in southern Pakistani patients. PloS One.
2015;10(3):e0122657.

Jenab M, McKay J, Bueno-de-Mesquita HB, van
Duijnhoven FJ, Ferrari P, Slimani N, Jansen EH,
Pischon T, Rinaldi S, Tjonneland A, Olsen A,
Overvad K, Boutron-Ruault MC, Clavel-Chapelon F,
Engel P, Kaaks R, Linseisen J, Boeing H, Fisher E,
Trichopoulou A, Dilis V, Oustoglou E, Berrino F,
Vineis P, Mattiello A, Masala G, Tumino R,
Vrieling A, van Gils CH, Peeters PH, Brustad M,
Lund E, Chirlaque MD, Barricarte A, Suarez LR,



108

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

Molina E, Dorronsoro M, Sala N, Hallmans G,
Palmqvist R, Roddam A, Key TJ, Khaw KT,
Bingham S, Boffetta P, Autier P, Byrnes G,
Norat T, Riboli E. Vitamin D receptor and calcium
sensing receptor polymorphisms and the risk of colo-
rectal cancer in European populations. Cancer
Epidemiol Biomarkers Prev. 2009;18(9):2485-91.
Jingwi EY, Abbas M, Ricks-Santi L, Winchester D,
Beyene D, Day A, Naab TJ, Kassim OO, Dunston
GM, Copeland RL Jr, Kanaan YM. Vitamin D recep-
tor genetic polymorphisms are associated with PSA
level, Gleason score and prostate cancer risk in
African-American men. Anticancer Res. 2015;35
(3):1549-58.

John EM, Schwartz GG, Koo J, Van Den Berg D,
Ingles SA. Sun exposure, vitamin D receptor gene
polymorphisms, and risk of advanced prostate cancer.
Cancer Res. 2005;65(12):5470-9.

John EM, Schwartz GG, Koo J, Wang W, Ingles
SA. Sun exposure, vitamin D receptor gene
polymorphisms, and breast cancer risk in a multieth-
nic population. Am J Epidemiol. 2007;166
(12):1409-19.

Kaabachi W, Kaabachi S, Rafrafi A, Amor AB,
Tizaoui K, Haj Sassi F, Hamzaoui K. Association of
vitamin D receptor Fok! and Apal polymorphisms
with lung cancer risk in Tunisian population. Mol
Biol Rep. 2014;41(10):6545-53.

Kadiyska T, Yakulov T, Kaneva R, Nedin D,
Alexandrova A, Gegova A, Savov A, Mitev V,
Kremensky I. Vitamin D and estrogen receptor gene
polymorphisms and the risk of colorectal cancer in
Bulgaria. Int J Color Dis. 2007;22(4):395-400.
Kambale PR, Haldar D, Kabi BC, Kambale
KP. Study of vitamin D receptor gene polymorphism
(Fokl, Taql and Apal) among prostate cancer
patients in North India. J Clin Diagn Res. 2017;11
(6):BC0O5-8.

Kang S, Zhao Y, Liu J, Wang L, Zhao G, Chen X,
Yao A, Zhang L, Zhang X, Li X. Association of
Vitamin D receptor Fok I polymorphism with the
risk of prostate cancer: a meta-analysis. Oncotarget.
2016;7(47):77878-89.

Karami S, Brennan P, Hung RJ, Boffetta P, Toro J,
Wilson RT, Zaridze D, Navratilova M, Chatterjee N,
Mates D, Janout V, Kollarova H, Bencko V,
Szeszenia-Dabrowska N, Holcatova I, Moukeria A,
Welch R, Chanock S, Rothman N, Chow WH, Moore
LE. Vitamin D receptor polymorphisms and renal
cancer risk in Central and Eastern Europe. J Toxicol
Environ Health Part A. 2008;71(6):367-72.

Keum N, Giovannucci E. Vitamin D supplements
and cancer incidence and mortality: a meta-analysis.
Br J Cancer. 2014;111(5):976-80.

Kizildag S, Gulsu E, Bagci O, Yuksel E, Canda
T. Vitamin D receptor gene polymorphisms and
male breast cancer risk in Turkish population. J B.
U.ON. Off J Balkan Union Oncol. 2011;16(4):640-5.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

P. Gnagnarella et al.

Kostner K, Denzer N, Muller CS, Klein R, Tilgen W,
Reichrath J. The relevance of vitamin D receptor
(VDR) gene polymorphisms for cancer: a review of
the literature. Anticancer Res. 2009;29(9):3511-36.
Kostner K, Denzer N, Koreng M, Reichrath S,
Graber S, Klein R, Tilgen W, Vogt T, Reichrath
J. Association of genetic variants of the vitamin D
receptor (VDR) with cutaneous squamous cell
carcinomas (SCC) and Basal Cell Carcinomas
(BCC): a pilot study in a German population. Anti-
cancer Res. 2012;32(1):327-33.

Laczmanska I, Laczmanski L, Bebenek M,
Karpinski P, Czemarmazowicz H, Ramsey D,
Milewicz A, Sasiadek MM. Vitamin D receptor
gene polymorphisms in relation to the risk of colo-
rectal cancer in the Polish population. Tumour Biol J
Int Soc Oncodev Biol Med. 2014;35(12):12397-401.
Lee YH, Gyu Song G. Vitamin D receptor Fokl,
Bsml, Taql, Apal, and EcoRV polymorphisms and
susceptibility to melanoma: a meta-analysis. J B.U.
ON. Off J Balkan Union Oncol. 2015;20(1):235-43.
Lesiak A, Norval M, Wodz-Naskiewicz K,
Pawliczak R, Rogowski-Tylman M, Sysa-
Jedrzejowska A, Sobjanek M, Wlodarkiewicz A,
Narbutt J. An enhanced risk of basal cell carcinoma
is associated with particular polymorphisms in the
VDR and MTHFR genes. Exp Dermatol. 2011;20
(10):800-4.

Li H, Stampfer MJ, Hollis JB, Mucci LA, Gaziano
JM, Hunter D, Giovannucci EL, Ma J. A prospective
study of plasma vitamin D metabolites, vitamin D
receptor polymorphisms, and prostate cancer. PLoS
Med. 2007;4(3):e103.

Li C, Liu Z, Wang LE, Gershenwald JE, Lee JE,
Prieto VG, Duvic M, Grimm EA, Wei Q. Haplotype
and genotypes of the VDR gene and cutaneous mela-
noma risk in non-Hispanic whites in Texas: a case-
control study. Int J Cancer. Journal international du
cancer. 2008;122(9):2077-84.

LiC,Li Y, Gao LB, Wang YY, Zhou B, Lv ML, Lu
HM, Zhang L. Vitamin D receptor gene
polymorphisms and the risk of colorectal cancer in a
Chinese population. Dig Dis Sci. 2009;54(3):634-9.
Li Z, Yuan WT, Ning SJ, Zhang SJ. Vitamin D
receptor genetic variants are associated with suscep-
tibility of gallbladder adenocarcinoma in a Chinese
cohort. Genet Mol Res: GMR. 2014;13(3):5387-94.
LiL, Shang F, Zhang W, Zhang C, LiJ, Wang C, Wei
L. Role of vitamin D receptor gene polymorphisms in
pancreatic cancer: a case-control study in China.
Tumour Biol J Int Soc Oncodev Biol Med. 2015;36
(6):4707-14.

Li J, Li B, Jiang Q, Zhang Y, Liu A, Wang H,
Zhang J, Qin Q, Hong Z, Li BA. Do genetic
polymorphisms of the vitamin D receptor contribute
to breast/ovarian cancer? a systematic review and
network meta-analysis. Gene. 2018;677:211-27.

Liu JH, Li HW, Wang JQ, Li M, Xin DQ, Na X,
Zhang M, Ye SY, Na YQ. Vitamin D receptor gene



4 Vitamin D Receptor Polymorphisms and Cancer

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

Bsm I polymorphism and the susceptibility to pros-
tate cancer in northern Chinese Han population.
Zhonghua nan ke xue = Natl J Androl. 2003;9
(6):413-6.

Liu Z, Calderon JI, Zhang Z, Sturgis EM, Spitz MR,
Wei Q. Polymorphisms of vitamin D receptor gene
protect against the risk of head and neck cancer.
Pharmacogenet Genomics. 2005;15(3):159-65.

Liu S, Cai H, Cheng W, Zhang H, Pan Z, Wang
D. Association of VDR polymorphisms (Taq I and
Bsm I) with prostate cancer: a new meta-analysis. J
Int Med Res. 2017;45(1):3-10.

Lu D, Jing L, Zhang S. Vitamin D receptor polymor-
phism and breast cancer risk: a meta-analysis. Medi-
cine. 2016;95(18):e3535.

Lurie G, Wilkens LR, Thompson PJ, McDuffie KE,
Carney ME, Terada KY, Goodman MT. Vitamin D
receptor gene polymorphisms and epithelial ovarian
cancer risk. Cancer Epidemiol Biomarkers Prev.
2007;16(12):2566-71.

Lurie G, Wilkens LR, Thompson PJ, Carney ME,
Palmieri RT, Pharoah PD, Song H, Hogdall E,
Kjaer SK, DiCioccio RA, McGuire V, Whittemore
AS, Gayther SA, Gentry-Maharaj A, Menon U,
Ramus SJ, Goodman MT, Ovarian Cancer Associa-
tion Consortium. Vitamin D receptor rs2228570
polymorphism and invasive ovarian carcinoma risk:
pooled analysis in five studies within the Ovarian
Cancer Association Consortium. Int J Cancer. Journal
international du cancer. 2011;128(4):936-43.

Ma J, Stampfer MJ, Gann PH, Hough HL,
Giovannucci E, Kelsey KT, Hennekens CH, Hunter
DJ. Vitamin D receptor polymorphisms, circulating
vitamin D metabolites, and risk of prostate cancer in
United States physicians. Cancer Epidemiol
Biomarkers Prev. 1998;7(5):385-90.

Mahmoudi T, Mohebbi SR, Pourhoseingholi MA,
Fatemi SR, Zali MR. Vitamin D receptor gene Apal
polymorphism is associated with susceptibility to
colorectal cancer. Dig Dis Sci. 2010;55(7):2008-13.
Mahmoudi T, Karimi K, Mohebbi SR, Fatemi SR,
Zali MR. Start codon Fokl and intron 8 Bsml
variants in the vitamin D receptor gene and suscepti-
bility to colorectal cancer. Mol Biol Rep. 2011;38
(7):4765-70.

Maistro S, Snitcovsky I, Sarkis AS, da Silva IA,
Brentani MM. Vitamin D receptor polymorphisms
and prostate cancer risk in Brazilian men. Int J Biol
Markers. 2004;19(3):245-9.

McKay JD, McCullough ML, Ziegler RG, Kraft P,
Saltzman BS, Riboli E, Barricarte A, Berg CD,
Bergland G, Bingham S, Brustad M, Bueno-de-
Mesquita HB, Burdette L, Buring J, Calle EE,
Chanock SJ, Clavel-Chapelon F, Cox DG,
Dossus L, Feigelson HS, Haiman CA, Hankinson
SE, Hoover RN, Hunter DJ, Husing A, Kaaks R,
Kolonel LN, Le Marchand L, Linseisen J, McCarty
CA, Overvad K, Panico S, Purdue MP, Stram DO,
Stevens VL, Trichopoulos D, Willett WC, Yuenger J,

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

109

Thun MJ. Vitamin D receptor polymorphisms and
breast cancer risk: results from the National Cancer
Institute Breast and Prostate Cancer Cohort Consor-
tium. Cancer Epidemiol Biomarkers Prev. 2009;18
(1):297-305.

Medeiros R, Morais A, Vasconcelos A, Costa S,
Pinto D, Oliveira J, Lopes C. The role of vitamin D
receptor gene polymorphisms in the susceptibility to
prostate cancer of a southern European population. J
Hum Genet. 2002;47(8):413-8.

Meng F, Ma P, Sui C, Tian X, Li Y, Fu L, Jiang T,
Wang Y, Jiang Y. The association between VDR
polymorphisms and renal cell carcinoma susceptibil-
ity: a meta-analysis. Tumour Biol J Int Soc Oncodev
Biol Med. 2014;35(6):6065-72.

Mi YY, Chen YZ, Chen J, Zhang LF, Zuo L, Zou
JG. Updated analysis of vitamin D receptor gene
Fokl polymorphism and prostate cancer susceptibil-
ity. Arch Med Sci. 2017;13(6):1449-58.

Mikhak B, Hunter DJ, Spiegelman D, Platz EA,
Hollis BW, Giovannucci E. Vitamin D receptor
(VDR) gene polymorphisms and haplotypes,
interactions with plasma 25-hydroxyvitamin D and
1,25-dihydroxyvitamin D, and prostate cancer risk.
Prostate. 2007;67(9):911-23.

Mishra DK, Bid HK, Srivastava DS, Mandhani A,
Mittal RD. Association of vitamin D receptor gene
polymorphism and risk of prostate cancer in India.
Urol Int. 2005;74(4):315-8.

Mishra DK, Wu Y, Sarkissyan M, Sarkissyan S,
Chen Z, Shang X, Ong M, Heber D, Koeffler HP,
Vadgama JV. Vitamin D receptor gene
polymorphisms and prognosis of breast cancer
among African-American and Hispanic women.
PloS One. 2013;8(3):e57967.

Mittal RD, Manchanda PK, Bhat S, Bid
HK. Association of vitamin-D receptor (Fok-I) gene
polymorphism with bladder cancer in an Indian pop-
ulation. BJU Int. 2007;99(4):933-7.

Mohapatra S, Saxena A, Gandhi G, Koner BC, Ray
PC. Vitamin D and VDR gene polymorphism (FokI)
in epithelial ovarian cancer in Indian population. J
Ovarian Res. 2013;6(1):37-2215-6-37.

Moossavi M, Parsamanesh N, Mohammadoo-
Khorasani M, Moosavi M, Tavakkoli T,
Fakharian T, Naseri M. Positive correlation between
vitamin D receptor gene Fok! polymorphism and
colorectal cancer susceptibility in South-Khorasan
of Iran. J Cell Biochem. 2018;119(10):8190-4.
Morrison NA, Yeoman R, Kelly PJ, Eisman
JA. Contribution of trans-acting factor alleles to nor-
mal physiological variability: vitamin D receptor
gene polymorphism and circulating osteocalcin.
Proc Natl Acad Sci U S A. 1992;89(15):6665-9.
Mostowska A, Sajdak S, Pawlik P, Lianeri M,
Jagodzinski PP. Polymorphic variants in the vitamin
D pathway genes and the risk of ovarian cancer
among non-carriers of BRCA1/BRCA2 mutations.
Oncol Lett. 2016;11(2):1181-8.



110

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

Mun MJ, Kim TH, Hwang JY, Jang WC. Vitamin D
receptor gene polymorphisms and the risk for female
reproductive cancers: a meta-analysis. Maturitas.
2015;81(2):256-65.

Murtaugh MA, Sweeney C, Ma KN, Potter JD, Caan
BJ, Wolff RK, Slattery ML. Vitamin D receptor gene
polymorphisms, dietary promotion of insulin resis-
tance, and colon and rectal cancer. Nutr Cancer.
2006;55(1):35-43.

Muscogiuri G, Sorice GP, Ajjan R, Mezza T, Pilz S,
Prioletta A, Scragg R, Volpe SL, Witham MD,
Giaccari A. Can vitamin D deficiency cause diabetes
and cardiovascular diseases? Present evidence and
future perspectives. Nutr Metab Cardiovasc Dis.
2012;22(2):81-7.

Nam RK, Zhang WW, Trachtenberg J, Jewett MA,
Emami M, Vesprini D, Chu W, Ho M, Sweet J,
Evans A, Toi A, Pollak M, Narod
SA. Comprehensive assessment of candidate genes
and serological markers for the detection of prostate
cancer. Cancer Epidemiol Biomarkers Prev. 2003;12
(12):1429-37.

Nemengani DM, Karam RA, Amer MG, Abd El
Rahman TM. Vitamin D receptor gene
polymorphisms and steroid receptor status among
Saudi women with breast cancer. Gene. 2015;558
(2):215-9.

Newton-Bishop JA, Beswick S, Randerson-Moor J,
Chang YM, Affleck P, Elliott F, Chan M, Leake S,
Karpavicius B, Haynes S, Kukalizch K, Whitaker L,
Jackson S, Gerry E, Nolan C, Bertram C, Marsden J,
Elder DE, Barrett JH, Bishop DT. Serum
25-hydroxyvitamin D3 levels are associated with
breslow thickness at presentation and survival from
melanoma. J Clin Oncol Off J Am Soc Clin Oncol.
2009;27(32):5439-44.

Nunes SB, de Matos Oliveira F, Neves AF, Araujo
GR, Marangoni K, Goulart LR, Araujo
TG. Association of vitamin D receptor variants with
clinical parameters in prostate cancer. SpringerPlus.
2016;5:364-016-2009-8.. eCollection 2016
Oakley-Girvan I, Feldman D, Eccleshall TR,
Gallagher RP, Wu AH, Kolonel LN, Halpern J,
Balise RR, West DW, Paffenbarger RS Ir,
Whittemore AS. Risk of early-onset prostate cancer
in relation to germ line polymorphisms of the vitamin
D receptor. Cancer Epidemiol Biomarkers Prev.
2004;13(8):1325-30.

Obara W, Suzuki Y, Kato K, Tanji S, Konda R,
Fujioka T. Vitamin D receptor gene polymorphisms
are associated with increased risk and progression of
renal cell carcinoma in a Japanese population. Int J
Urol: Off J Jpn Urol Assoc. 2007;14(6):483-7.
Ochs-Balcom HM, Cicek MS, Thompson CL,
Tucker TC, Elston RCJ, Plummer S, Casey G, Li
L. Association of vitamin D receptor gene variants,
adiposity and colon cancer. Carcinogenesis. 2008;29
(9):1788-93.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

P. Gnagnarella et al.

Onen IH, Ekmekci A, Eroglu M, Konac E, Yesil S,
Biri H. Association of genetic polymorphisms in
vitamin D receptor gene and susceptibility to spo-
radic prostate cancer. Exp Biol Med (Maywood, N.
J.). 2008;233(12):1608—-14.

Osborne JE, Hutchinson PE. Vitamin D and systemic
cancer: is this relevant to malignant melanoma? Br J
Dermatol. 2002;147(2):197-213.

Ou C, Zhao HL, Zhu B, Huang LS, Li PZ, Lao
M. Association of vitamin D receptor gene polymor-
phism with the risk of renal cell carcinoma: a meta-
analysis. J Recept Signal Transduct Res. 2014;34
(6):463-8.

Pan Z, Chen M, Hu X, Wang H, Yang J, Zhang C,
Pan F, Sun G. Associations between VDR gene
polymorphisms and colorectal cancer susceptibility:
an updated meta-analysis based on 39 case-control
studies. Oncotarget. 2018;9(16):13068-76.

Parisi E, Rene JM, Cardus A, Valcheva P, Pinol-
Felis C, Valdivielso JM, Fernandez E. Vitamin D
receptor levels in colorectal cancer. Possible role of
Bsml polymorphism. J Steroid Biochem Mol Biol.
2008;111(1-2):87-90.

Park K, Woo M, Nam J, Kim JC. Start codon
polymorphisms in the vitamin D receptor and colo-
rectal cancer risk. Cancer Lett. 2006;237(2):199-206.
Pena-Chilet M, Ibarrola-Villava M, Martin-
Gonzalez M, Feito M, Gomez-Fernandez C,
Planelles D, Carretero G, Lluch A, Nagore E, Ribas
G. rs12512631 on the group specific complement
(vitamin D-binding protein GC) implicated in mela-
noma susceptibility. PloS One. 2013;8(3):e59607.
Peng Q, Yang S, Lao X, Li R, Chen Z, Wang J,
Qin X, Li S. Association of single nucleotide
polymorphisms in VDR and DBP genes with
HBV-related hepatocellular carcinoma risk in a Chi-
nese population. PloS One. 2014;9(12):e116026.
Penna-Martinez M, Ramos-Lopez E, Stern J,
Hinsch N, Hansmann ML, Selkinski I, Grunwald F,
Vorlander C, Wahl RA, Bechstein WO, Zeuzem S,
Holzer K, Badenhoop K. Vitamin D receptor
polymorphisms in differentiated thyroid carcinoma.
Thyroid: Off J Am Thyroid Assoc. 2009;19
(6):623-8.

Pilz S, Tomaschitz A, Drechsler C, Dekker JM, Marz
W. Vitamin D deficiency and myocardial diseases.
Mol Nutr Food Res. 2010;54(8):1103-13.

Pilz S, Tomaschitz A, Drechsler C, Zittermann A,
Dekker JM, Marz W. Vitamin D supplementation: a
promising approach for the prevention and treatment
of strokes. Curr Drug Targets. 2011a;12(1):88-96.
Pilz S, Tomaschitz A, Marz W, Drechsler C, Ritz E,
Zittermann A, Cavalier E, Pieber TR, Lappe IM,
Grant WB, Holick MF, Dekker JM. Vitamin D, car-
diovascular disease and mortality. Clin Endocrinol.
2011b;75(5):575-84.

Pinczewski J, Slominski A. The potential role of
vitamin D in the progression of benign and malignant



4 Vitamin D Receptor Polymorphisms and Cancer

168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

melanocytic neoplasms. Exp Dermatol. 2010;19
(10):860-4.

Porter PL, Lund MJ, Lin MG, Yuan X, Liff JM,
Flagg EW, Coates RJ, Eley JW. Racial differences
in the expression of cell cycle-regulatory proteins in
breast carcinoma. Cancer. 2004;100(12):2533-42.
Purdue MP, Hartge P, Davis S, Cerhan JR, Colt JS,
Cozen W, Severson RK, Li Y, Chanock SJ,
Rothman N, Wang SS. Sun exposure, vitamin D
receptor gene polymorphisms and risk of
non-Hodgkin lymphoma. Cancer Causes Control
CCC. 2007a;18(9):989-99.

Purdue MP, Lan Q, Kricker A, Vajdic CM,
Rothman N, Armstrong BK. Vitamin D receptor
gene polymorphisms and risk of non-Hodgkin’s lym-
phoma. Haematologica. 2007b;92(8):1145-6.
Raimondi S, Johansson H, Maisonneuve P, Gandini
S. Review and meta-analysis on vitamin D receptor
polymorphisms and cancer risk. Carcinogenesis.
2009;30(7):1170-80.

Raimondi S, Pasquali E, Gnagnarella P, Serrano D,
Disalvatore D, Johansson HA, Gandini S. Bsm/ poly-
morphism of vitamin D receptor gene and cancer risk:
a comprehensive meta-analysis. Mutat Res.
2014;769:17-34.

Randerson-Moor JA, Taylor JC, Elliott F, Chang
YM, Beswick S, Kukalizch K, Affleck P, Leake S,
Haynes S, Karpavicius B, Marsden J, Gerry E,
Bale L, Bertram C, Field H, Barth JH, Silva Idos S,
Swerdlow A, Kanetsky PA, Barrett JH, Bishop DT,
Bishop JA. Vitamin D receptor gene polymorphisms,
serum 25-hydroxyvitamin D levels, and melanoma:
UK case-control comparisons and a meta-analysis of
published VDR data. Eur J Cancer (Oxford, England:
1990). 2009;45(18):3271-81.

Rashid MU, Muzaffar M, Khan FA, Kabisch M,
Muhammad N, Faiz S, Loya A, Hamann
U. Association between the BsmI polymorphism in
the vitamin D receptor gene and breast cancer risk:
results from a Pakistani case-control study. PloS One.
2015;10(10):e0141562.

Rasool S, Kadla SA, Khan T, Qazi F, Shah NA,
Basu J, Khan BA, Ahktar Q, Sameer AS, Ganai
BA. Association of a VDR gene polymorphism with
risk of colorectal cancer in Kashmir. Asian Pac J
Cancer Prev: APJCP. 2013;14(10):5833-7.

Rasool S, Kadla SA, Rasool V, Qazi F, Khan T, Shah
NA, Ganai BA. Role of the VDR Bsm I and Apa I
polymorphisms in the risk of colorectal cancer in
Kashmir. Oncol Res Treat. 2014;37(6):345-9.
Reimers LL, Crew KD, Bradshaw PT, Santella RM,
Steck SE, Sirosh I, Terry MB, Hershman DL,
Shane E, Cremers S, Dworakowski E, Teitelbaum
SL, Neugut AI, Gammon MD. Vitamin D-related
gene polymorphisms, plasma 25-hydroxyvitamin D,
and breast cancer risk. Cancer Causes Control: CCC.
2015;26(2):187-203.

178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

111

Rollison DE, Cole AL, Tung KH, Slattery ML,
Baumgartner KB, Byers T, Wolff RK, Giuliano
AR. Vitamin D intake, vitamin D receptor
polymorphisms, and breast cancer risk among
women living in the southwestern U.S. Breast Cancer
Res Treat. 2012;132(2):683-91.

Rowland GW, Schwartz GG, John EM, Ingles
SA. Protective effects of low calcium intake and
low calcium absorption vitamin D receptor genotype
in the California Collaborative Prostate Cancer
Study. Cancer Epidemiol Biomarkers Prev. 2013;22
(1):16-24.

Ruggiero M, Pacini S, Aterini S, Fallai C,
Ruggiero C, Pacini P. Vitamin D receptor gene poly-
morphism is associated with metastatic breast cancer.
Oncol Res. 1998;10(1):43-6.

Ruza E, Sotillo E, Sierrasesumaga L, Azcona C,
Patino-Garcia A. Analysis of polymorphisms of the
vitamin D receptor, estrogen receptor, and collagen
Talphal genes and their relationship with height in
children with bone cancer. J Pediatr Hematol Oncol.
2003;25(10):780-6.

Santonocito C, Capizzi R, Concolino P, Lavieri MM,
Paradisi A, Gentileschi S, Torti E, Rutella S,
Rocchetti S, Di Carlo A, Di Stasio E, Ameglio F,
Zuppi C, Capoluongo E. Association between cuta-
neous melanoma, Breslow thickness and vitamin D
receptor Bsml polymorphism. Br J Dermatol.
2007;156(2):277-82.

Sarkissyan M, Wu Y, Chen Z, Mishra DK,
Sarkissyan S, Giannikopoulos I, Vadgama
JV. Vitamin D receptor Fokl gene polymorphisms
may be associated with colorectal cancer among Afri-
can American and Hispanic participants. Cancer.
2014;120(9):1387-93.

Schwalfenberg GK. A review of the critical role of
vitamin D in the functioning of the immune system
and the clinical implications of vitamin D deficiency.
Mol Nutr Food Res. 2011;55(1):96-108.

Serrano D, Gnagnarella P, Raimondi S, Gandini
S. Meta-analysis on vitamin D receptor and cancer
risk: focus on the role of Tagl, Apal, and Cdx2
polymorphisms. Eur J Cancer Prev Off J European
Cancer Prevention Organisation (ECP). 2016;25
(1):85-96.

Shafia S, Qasim I, Aziz SA, Bhat IA, Nisar S, Shah
ZA. Role of vitamin D receptor (VDR)
polymorphisms in susceptibility to multiple myeloma
in ethnic Kashmiri population. Blood Cells Mol Dis.
2013;51(1):56-60.

Shahabi A, Alipour M, Safiri H, Tavakol P,
Alizadeh M, Milad Hashemi S, Shahabi M, Halimi
M. Vitamin D receptor gene polymorphism: associa-
tion with susceptibility to early-onset breast cancer in
Iranian, BRCA1/2-mutation carrier and non-carrier
patients. Pathol Oncol Res: POR. 2018;24(3):601-7.



112

188.

189.

190.

191.

192.

193.

194.

195.

196.

197.

198.

Shahbazi S, Alavi S, Majidzadeh-A K,
Ghaffarpour M, Soleimani A, Mahdian R. Bsm/ but
not Fokl polymorphism of VDR gene is contributed
in breast cancer. Med Oncol (Northwood, London,
England). 2013;30(1):393-012-0393-7.. Epub 2013
Jan 1

Shaker OG, Senousy MA. Association of SNP-SNP
interactions between RANKL, OPG, CHI3L1, and
VDR genes with breast cancer risk in Egyptian
women. Clin Breast Cancer. 2018;19(1):e220-38.
Sillanpaa P, Hirvonen A, Kataja V, Eskelinen M,
Kosma VM, Uusitupa M, Vainio H, Mitrunen
K. Vitamin D receptor gene polymorphism as an
important modifier of positive family history related
breast cancer risk. Pharmacogenetics. 2004;14
(4):239-45.

Sinotte M, Rousseau F, Ayotte P, Dewailly E,
Diorio C, Giguere Y, Berube S, Brisson J. Vitamin
D receptor polymorphisms (Fokl, Bsml) and breast
cancer risk: association replication in two case-
control studies within French Canadian population.
Endocr Relat Cancer. 2008;15(4):975-83.

Slattery ML, Wolff RK, Herrick JS, Caan BJ, Potter
JD. IL6 genotypes and colon and rectal cancer. Can-
cer Causes Control: CCC. 2007;18(10):1095-105.
Slattery ML, Wolff RK, Curtin K, Fitzpatrick F,
Herrick J, Potter JD, Caan BJ, Samowitz
WS. Colon tumor mutations and epigenetic changes
associated with genetic polymorphism: insight into
disease pathways. Mutat Res. 2009;660(1-2):12-21.
Smedby KE, Eloranta S, Duvefelt K, Melbye M,
Humphreys K, Hjalgrim H, Chang ET. Vitamin D
receptor genotypes, ultraviolet radiation exposure,
and risk of non-Hodgkin lymphoma. Am J
Epidemiol. 2011;173(1):48-54.

Souberbielle JC, Body JJ, Lappe JM, Plebani M,
Shoenfeld Y, Wang TJ, Bischoff-Ferrari HA,
Cavalier E, Ebeling PR, Fardellone P, Gandini S,
Gruson D, Guerin AP, Heickendorff L, Hollis BW,
Ish-Shalom S, Jean G, von Landenberg P, Largura A,
Olsson T, Pierrot-Deseilligny C, Pilz S, Tincani A,
Valcour A, Zittermann A. Vitamin D and musculo-
skeletal health, cardiovascular disease, autoimmunity
and cancer: recommendations for clinical practice.
Autoimmun Rev. 2010;9(11):709-15.

Southard EB, Roff A, Fortugno T, Richie JP Jr,
Kaag M, Chinchilli VM, Virtamo J, Albanes D,
Weinstein S, Wilson RT. Lead, calcium uptake, and
related genetic variants in association with renal cell
carcinoma risk in a cohort of male Finnish smokers.
Cancer Epidemiol Biomarkers Prev. 2012;21
(1):191-201.

Speer G, Cseh K, Winkler G, Takacs I, Barna I,
Nagy Z, Lakatos P. Oestrogen and vitamin D receptor
(VDR) genotypes and the expression of ErbB-2 and
EGEF receptor in human rectal cancers. Eur J Cancer
(Oxford, England: 1990). 2001;37(12):1463-8.
Suzuki K, Matsui H, Ohtake N, Nakata S, Takei T,
Koike H, Nakazato H, Okugi H, Hasumi M,

199.

200.

201.

202.

203.

204.

205.

206.

207.

208.

P. Gnagnarella et al.

Fukabori Y, Kurokawa K, Yamanaka H. Vitamin D
receptor gene polymorphism in familial prostate can-
cer in a Japanese population. Int J Urol Off J Jpn Urol
Assoc. 2003;10(5):261-6.

Szendroi A, Speer G, Tabak A, Kosa JP, Nyirady P,
Majoros A, Romics I, Lakatos P. The role of
vitamin D, estrogen, calcium sensing receptor
genotypes and serum calcium in the pathogenesis of
prostate cancer. Can J Urol. 2011;18(3):5710-6.
Takeshige N, Yin G, Ohnaka K, Kono S, Ueki T,
Tanaka M, Maehara Y, Okamura T, Ikejiri K,
Maekawa T, Yasunami Y, Takenaka K, Ichimiya H,
Terasaka R. Associations between vitamin D receptor
(VDR) gene polymorphisms and colorectal cancer
risk and effect modifications of dietary calcium and
vitamin D in a Japanese population. Asian Pac J
Cancer Prev: APJCP. 2015;16(5):2019-26.

Talaneh S, Ghorbani A, Bakhshaiesh TO, Jafari
B. Fokl and Bsml polymorphisms of the VDR gene
and breast cancer risk. Multidiscip Cancer Investig.
2017;1(1):21-5.

Tang JY, Fu T, Lau C, Oh DH, Bikle DD, Asgari
MM. Vitamin D in cutaneous carcinogenesis: part L. J
Am Acad Dermatol. 2012;67(5):803.e1-12.. quiz
815-6

Theodoratou E, Farrington SM, Tenesa A,
McNeill G, Cetnarskyj R, Barnetson RA, Porteous
ME, Dunlop MG, Campbell H. Modification of the
inverse association between dietary vitamin D intake
and colorectal cancer risk by a FoklI variant supports
a chemoprotective action of vitamin D intake
mediated through VDR binding. Int J Cancer, Journal
international du cancer. 2008;123(9):2170-9.
Thompson SG, Sharp SJ. Explaining heterogeneity in
meta-analysis: a comparison of methods. Stat Med.
1999;18(20):2693-708.

Toptas B, Kafadar AM, Cacina C, Turan S, Yurdum
LM, Yigitbasi N, Gokce MO, Zeybek U, Yaylim
I. The vitamin D receptor (VDR) gene
polymorphisms in Turkish brain cancer patients.
Biomed Res Int. 2013;2013:295791.

Torkko KC, van Bokhoven A, Mai P, Beuten J,
Balic I, Byers TE, Hokanson JE, Norris JM, Baron
AE, Lucia MS, Thompson IM, Leach RJ. VDR and
SRD5A2 polymorphisms combine to increase risk
for prostate cancer in both non-Hispanic White and
Hispanic White men. Clin Cancer Res. 2008;14
(10):3223-9.

Touvier M, Chan DS, Lau R, Aune D, Vieira R,
Greenwood DC, Kampman E, Riboli E, Hercberg S,
Norat T. Meta-analyses of vitamin D intake,
25-hydroxyvitamin D status, vitamin D receptor
polymorphisms, and colorectal cancer risk. Cancer
Epidemiol Biomarkers Prev. 2011;20(5):1003-16.
Trabert B, Malone KE, Daling JR, Doody DR,
Bernstein L, Ursin G, Marchbanks PA, Strom BL,
Humphrey MC, Ostrander EA. Vitamin D receptor
polymorphisms and breast cancer risk in a large
population-based case-control study of Caucasian



4 Vitamin D Receptor Polymorphisms and Cancer

209.

210.

211.

212.

213.

214.

215.

216.

217.

218.

219.

220.

and African-American women. Breast Cancer Res:
BCR. 2007;9(6):R84.

Tworoger SS, Gates MA, Lee IM, Buring JE, Titus-
Ernstoff L, Cramer D, Hankinson
SE. Polymorphisms in the vitamin D receptor and
risk of ovarian cancer in four studies. Cancer Res.
2009;69(5):1885-91.

Uitterlinden AG, Fang Y, Van Meurs JB, Pols HA,
Van Leeuwen JP. Genetics and biology of vitamin D
receptor polymorphisms. Gene. 2004;338(2):143-56.
VandeVord PJ, Wooley PH, Darga LL, Severson RK,
Wu B, Nelson DA. Genetic determinants of bone
mass do not relate with breast cancer risk in US
white and African-American women. Breast Cancer
Res Treat. 2006;100(1):103-7.

Vidigal VM, Silva TD, de Oliveira J, Pimenta CAM,
Felipe AV, Forones NM. Genetic polymorphisms of
vitamin D receptor (VDR), CYP27B1 and CYP24A1
genes and the risk of colorectal cancer. Int J Biol
Markers. 2017;32(2):e224-30.

Von Schuckmann LA, Law MH, Montgomery GW,
Green AC, Van Der Pols JC. Vitamin D pathway
gene polymorphisms and keratinocyte cancers: a
nested case-control study and meta-analysis. Anti-
cancer Res. 2016;36(5):2145-52.

Wang G, Li BQ, Zhou HH. Polymorphism of vitamin
D receptor Fok I and colorectal cancer risk in Chi-
nese. Zhong nan da xue xue bao. Yi xue ban =]
Central South Univ. Med Sci. 2008;33(5):399-403.
Wang K, Wu G, Li J, Song W. Role of vitamin D
receptor gene Cdx2 and Apal polymorphisms in
prostate cancer susceptibility: a meta-analysis. BMC
Cancer. 2016;16(1):674-016-2722-2.

Whitfield GK, Remus LS, Jurutka PW, Zitzer H, Oza
AK, Dang HT, Haussler CA, Galligan MA, Thatcher
ML, Encinas Dominguez C, Haussler
MR. Functionally relevant polymorphisms in the
human nuclear vitamin D receptor gene. Mol Cell
Endocrinol. 2001;177(1-2):145-59.

Wong HL, Seow A, Arakawa K, Lee HP, Yu MC,
Ingles SA. Vitamin D receptor start codon polymor-
phism and colorectal cancer risk: effect modification
by dietary calcium and fat in Singapore Chinese.
Carcinogenesis. 2003;24(6):1091-5.

Wu X, Cheng J, Yang K. Vitamin D-related gene
polymorphisms, plasma 25-hydroxy-vitamin D, ciga-
rette smoke and Non-Small Cell Lung Cancer
(NSCLC) risk. Int J Mol Sci. 2016;17(10):1597.
https://doi.org/10.3390/ijms17101597.

Xu Y, Shibata A, McNeal JE, Stamey TA,
Feldman D, Peehl DM. Vitamin D receptor start
codon polymorphism (Fokl) and prostate cancer pro-
gression. Cancer Epidemiol Biomarkers Prev.
2003;12(1):23-7.

Xu Y, He B, Pan Y, Deng Q, Sun H, Li R, Gao T,
Song G, Wang S. Systematic review and meta-
analysis on vitamin D receptor polymorphisms and
cancer risk. Tumour Biol J Int Soc Oncodev Biol
Med. 2014;35(5):4153-69.

221.

222.

223.

224.

225.

226.

227.

228.

229.

230.

231.

113

Yang Y, Wang S, Ye Z, Yang W. Association of
single nucleotide polymorphism of vitamin D recep-
tor gene start codon and the susceptibility to prostate
cancer in the Han nationality in Hubei area.
Zhonghua nan ke xue = Natl J Androl. 2004;10
(6):411-4.

Yang C, Li J, Li Y, Wu D, Sui C, Jiang Y, Meng
F. The vitamin D receptor gene Apal polymorphism
is associated with increased risk of renal cell carci-
noma in Chinese population. Sci Rep. 2016;6:25987.
Yao S, Zirpoli G, Bovbjerg DH, Jandorf L, Hong CC,
Zhao H, Sucheston LE, Tang L, Roberts M,
Ciupak G, Davis W, Hwang H, Johnson CS, Trump
DL, McCann SE, Ademuyiwa F, Pawlish KS,
Bandera EV, Ambrosone CB. Variants in the vitamin
D pathway, serum levels of vitamin D, and estrogen
receptor negative breast cancer among African-
American women: a case-control study. Breast Can-
cer Res: BCR. 2012;14(2):R58.

Yaylim-Eraltan I, Arzu Ergen H, Arikan S, Okay E,
Ozturk O, Bayrak S, Isbir T. Investigation of the
VDR gene polymorphisms association with suscepti-
bility to colorectal cancer. Cell Biochem Funct.
2007;25(6):731-7.

Yilmaz B, Tokuc GA, Koc A, Yesil E. Investigation
of vitamin D receptor gene polymorphism in pediat-
ric patients with brain cancer. Indian J Med Paediat
Oncol Off J Indian Soci Med Paediat Oncol. 2017;38
(2):128-32.

Yin J, Pan H, Long T, Lv L, Zhai P, Liu C, Shao A,
Shi Y, Sun Y, Zhu J, Wang L, Ding G, Chen S,
Tang W, Qian C, Tan L, Gu H. Polymorphisms of
VDR gene and risk of gastric cardiac adenocarci-
noma in Chinese population. Oncotarget. 2017;8
(28):45531-43.

Yousaf N, Afzal S, Hayat T, Shah J, Ahmad N,
Abbasi R, Ramzan K, Jan R, Khan I, Ahmed J,
Siraj S. Association of vitamin D receptor gene
polymorphisms with prostate cancer risk in the
Pakistani population. Asian Pac J Cancer Prev:
APJICP. 2014;15(22):10009-13.

Yu ZH, Chen M, Zhang QQ, Hu X. The association
of vitamin D receptor gene polymorphism with lung
Cancer risk: an update meta-analysis. Comb Chem
High Throughput Screen. 2018;21(10):704-10.
Yudoh K, Matsuno H, Kimura T. lalpha,25-
dihydroxyvitamin D3 inhibits in vitro invasiveness
through the extracellular matrix and in vivo pulmo-
nary metastasis of B16 mouse melanoma. J Lab Clin
Med. 1999;133(2):120-8.

Zeljic K, Supic G, Stamenkovic Radak M, Jovic N,
Kozomara R, Magic Z. Vitamin D receptor,
CYP27B1 and CYP24Al1 genes polymorphisms
association with oral cancer risk and survival. J Oral
Pathol Med Official Publ Int Assoc Oral Pathol Am
Acad Oral Pathol. 2012;41(10):779-87.

Zeljic K, Kandolf-Sekulovic L, Supic G, Pejovic J,
Novakovic M, Mijuskovic Z, Magic Z. Melanoma


https://doi.org/10.3390/ijms17101597

114 P. Gnagnarella et al.

risk is associated with vitamin D receptor gene 233.Zhou ZC, Wang J, Cai ZH, Zhang QH, Cai ZX, Wu

polymorphisms. Melanoma Res. 2014;24(3):273-9. JH. Association between vitamin D receptor gene

232.Zhao XZ, Yang BH, Yu GH, Liu SZ, Yuan Cdx2 polymorphism and breast cancer susceptibility.
ZY. Polymorphisms in the vitamin D receptor Tumour Biol J Int Soc Oncodev Biol Med. 2013;34
(VDR) genes and skin cancer risk in European popu- (6):3437-41.

lation: a meta-analysis. Arch Dermatol Res. 2014;306
(6):545-53.



Pelle G. Lindqvist

Abstract

Increasing sun exposure is related to lower
prevalence of death in cardiovascular disease
(CVD), type 2 diabetes, and other noncancer
non-CVD. In this chapter we aim to make a
short update on the knowledge regarding sun
exposure and all-cause mortality. Data support
the hypothesis that low sun exposure habits are
a major risk factor for all-cause mortality. Low
sun exposure is related to an increased risk of
death due to CVD and noncancer/non-CVD,
and a minor reduction in risk of cancer. Active
sun exposure habits have a dual effect; it
increases the incidence of skin cancer, but
also improves the prognosis in terms of
all-cause mortality. In a low solar intensity
region, we should carefully assess both risk
and benefits of sun exposure in order to obtain
balanced recommendations.
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Check for
updates

In this chapter we aim to make a short update on
the knowledge regarding sun exposure and
all-cause mortality. Data support the hypothesis
that low sun exposure habits is a major risk factor
for all-cause mortality. Low sun exposure is
related to an increased risk of death due to cardio-
vascular disease (CVD) and noncancer/non-CVD
and a minor reduction in risk of cancer. Active
sun exposure habits have a dual effect; it
increases the incidence of skin cancer but also
improves the prognosis in terms of all-cause mor-
tality. In a low solar intensity region, we should
carefully assess both risk and benefits of sun
exposure in order to obtain balanced
recommendations.

In 2011, a 30% lower rate of all-cause mortal-
ity was reported among those who took a
sunbathing vacation at least once a year over the
course of three decades [1]. A 15-year prospec-
tive follow-up of the melanoma in Southern
Sweden (MISS) cohort of women demonstrated
a significant dose-dependent decrease in all-cause
mortality with increasing sun exposure habits [2]
(Fig. 5.1), and the mortality rate was doubled
(2.0, 95% CI 1.6-2.5) among those avoiding sun
exposure compared to the highest sun exposure
group (Fig. 5.2). The population attributable risk
(PAR) for mortality for the group avoiding sun
exposure was estimated to be 3%. In a 20-year
follow-up of the same cohort, analyzed in a com-
peting risk scenario, it was shown that the shorter
life expectancy of women who avoided sun expo-
sure was mainly due to a dose-dependent
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Fig. 5.1 The melanoma in
Southern Sweden (MISS)
cohort included 1000
women from each age from
25 to 64 years, without
cancer from the population
registry 1990, and 29,518
women entered the study.
Adjusted all-cause survival
plot of all 29,518 women in
the MISS cohort.
Significance of difference
P < 0.001 among all three
sun exposure groups. (Used
with permission from Wiley

100

© ©
< <

Mean survival (%)

©
T

924

P. G. Lindqvist

Avoiding sun exposure
————- Moderate sun exposure

ey e

Most active sun exposure

Fig. 5.2 Mortality rate by
sun exposure with attained
age as time variable. As
compared to the highest sun
exposure group, the
mortality rate was twofold
higher (2.0, 95% CI
1.6-2.5) among avoiders of
sun exposure and increased
by 40% (1.4, 95% CI
1.1-1.7) in those with
moderate exposure. (Used
with permission from Wiley

2D

-==-===== Most active sun exposure A
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All casuse mortality rate per 1000 person years

significantly increased risk of cardiovascular dis-
ease (CVD) and noncancer/non-CVD deaths,
compared to the moderate and high sun exposure
groups (Fig. 5.3, top) [3]. While the risk of dying
in the CVD and noncancer/non-CVD groups
decreased with increasing sun exposure, the rela-
tive contribution of death due to cancer increased
as a result of extended life expectancy (Fig. 5.3,
bottom) [3]. Thus, the overall prevalence of death

40 60 80 100

Attained age

due to cancer increased, but not the age-adjusted
risk. In an analysis stratified for smoking, there
was a similar risk of death among nonsmokers
avoiding sun exposure as for smokers in the
highest sun exposure groups (Fig. 5.4) [3]. We
interpreted this that sun exposure avoidance is a
risk factor for all-cause death of the same magni-
tude as smoking.
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Fig. 5.3 Probability of death by sun exposure habits in a
competing risk scenario. Upper three graphs show death
categorized into CVD, cancer, and other (noncancer/non-
CVD) according to time in years since study inclusion.
Bottom three graphs show relative contribution to death is
sun exposure habits. As compared to highest sun exposure
group, the subdistribution hazard ratios (sHRs) of CVD

Skin Cancer and All-Cause Mortality

Sunlight exposure and fair skin are major
determinants of both skin cancer and vitamin D
production. Due to similar etiology and progno-
sis, basal cell carcinoma and squamous cell carci-
noma are often grouped as non-melanoma skin
cancer (NMSC). NMSC is mainly related to
cumulative UV radiation and has a good progno-
sis in terms of all-cause mortality. Cutaneous
malignant melanoma (MM) is the skin malig-
nancy mainly related to increased mortality and
is related to (episodic) overexposure to UV radia-
tion and genetic causes [4]. There is a relationship
between high sun exposure and MM incidence
but an inverse relationship to prognosis [2]. Thus,

mortality among sun exposure avoidance and moderate
exposure were sHR = 2.3 95% CI 1.8-3.1, and 1.5 95%
CI 1.2-1.8, respectively. The corresponding sHRs for
noncancer-non-CVD death were 2.1, 95% CI 1.7-2.8,
and 1.57, 95% CI 1.3-1.9 and for cancer 1.4, 95% CI
1.04-1.6, and 1.1, 95% CI 0.9-1.4, respectively. (Used
with permission from Wiley [3])

high UV exposure increases the incidence, while
low sun exposure habits/vitamin D levels have
been linked to thicker, more aggressive
melanomas with shorter survival times [2, 5—
7]. The incidence of MM has shown the greatest
increase of all cancers during the last 30 years.
The disease is reported to be fatal in approxi-
mately 20% of patients. In line with this, out of
those contracting MM in the MISS cohort, 35%
of women with low sun exposure and 10% of
those with the greatest sun exposure habits died
during the follow-up period [3]. Further, when
grouping women based on skin cancer status
(no skin cancer, NMSC, or MM) and sun expo-
sure habits (low sun exposure, moderate expo-
sure, or highest exposure), in all three
skin cancer groups there was an inverse
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Fig. 5.4 Mean survival by age groups and sun exposure habits, stratified by smoking status, and calculations of mean
difference in life expectancy by age groups among smokers and nonsmokers using restricted mean survival, i.e., the area
under the curve between two time points based on flexible parametric survival analysis. (Used with permission from

Wiley [3])

relationship between sun exposure and all-cause
mortality (Fig. 5.5) [3]. In agreement with our
findings, US Navy personnel have a higher risk
of skin cancer and a reduced risk of other internal
cancers, resulting in a 26% reduced all-cause
mortality rate [8].

Plausible Explanations for the Inverse
Relation Between Sun Exposure

and CVD or Noncancer/Non-CVD
Mortality

Both coronary heart disease (CHD) and cerebro-
vascular disease show an increased risk during
winter/spring compared to summer in countries
at higher latitudes [9-11]. There are several
noncancer/non-CVD conditions that increase the

risk of all-cause mortality. In the UK, the risk of
autoimmune diseases has been found to be signif-
icantly influenced by the season of birth,
suggesting the presence of seasonal risk factors
such as UVB exposure [12]. Multiple sclerosis
(MS) is an immunopathological autoimmune
condition with a positive association with both
latitude and seasonal differences [13]. The risk
of MS is reported to increase approximately
threefold among those with low sun exposure
habits during their childhood and youth
[14]. The incidence of childhood type 1 diabetes
mellitus (T1DM) has been shown to have
latitude-dependent occurrence with the nadir
close to the equator [15]. In a Danish study,
mothers exposed to more sunshine during the
third trimester had male offspring with a lower
risk of developing TIDM before the age of
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We show in all three SC groups a dose dependent worse prognosis with decreasing sun exposure habits.

* The upper visker was cut out in the figure.

Fig. 5.5 0Odds of all-cause mortality of skin cancer (sc) groups by sun exposure groups

15 compared to those who had less sun exposure
[16]. Finnish newborns supplemented with vita-
min D had an 80% reduced risk of contracting
childhood or adolescent TIDM [17]. In the MISS
cohort, we showed that there was a dose-
dependent reduced risk of incidental type 2 DM
(T2DM) with increasing sun exposure and that
the risk reduction was accentuated among
non-overweight women and independent of phys-
ical exercise [18].

Since 1.25 vitamin D induces antimicrobial
peptide production, such as cathelicidin and
B-defensin, much research has focused on the
role of vitamin D in respiratory tract infections
[19]. For example, two RCTs with vitamin D
supplementation showed reduced antibiotic con-
sumption in patients with primary immune defi-
ciency (60% reduction) and > 70 years of age
(50% reduction) compared to the placebo group
[20, 21]. These observations could be explained
by a direct effect of vitamin D. Vitamin D can
modulate IL-8 response to infection through the
action of IL-10-producing regulatory
lymphocytes IL-1 [22, 23].

Solar UV A radiation causes decreased blood
pressure and cardiovascular morbidity. This
might be due to an increase in skin-derived nitric
oxide (NO) bioactivity and to the mobilization of
NO stores [24, 25]. Both high chronic and acute
stress levels may activate coagulation and thereby
increase the risk of CVD [26, 27]. Sun exposure
attenuate stress levels by induced p-endorphin
synthesis and, thus, have a cardioprotective effect
[28]. The endorphins also induce mood enhance-
ment and feelings of relaxation and socialization
[29, 30]. An inborn awarding system to UVB
exposure may be interpreted as an evolutionary
mechanism indicating that sun exposure is impor-
tant for our health. Atherosclerosis is a chronic
inflammatory condition with cardiovascular dys-
function leading to increased risk of myocardial
infarction, stroke, and thromboembolism. In ath-
erosclerosis angiotensin II, levels are increased
and NO levels decreased, which might be
normalized by sun exposure. Depletion of sun
exposure or low levels of vitamin D alone can
probably not induce and propagate autoimmune
diseases but could facilitate a progression of



120

cascade events, initiated by virus or other exoge-
nous factors, toward a manifest disease.

There seem to be several plausible
mechanisms explaining the inverse relationship
between sun exposure and both CVD and
noncancer/non-CVD death.

Strengths and Limitations
of the Inverse Relation Between Sun
Exposure and All-Cause Death

Since the results of an inverse relation between
sun exposure and all-cause mortality is observa-
tional, it is hypothesis-generating and not neces-
sarily causal.

Serum levels of vitamin D are lower in many
diseases. Measurement of circulating vitamin D
levels may only provide a surrogate measure of
sun exposure [31]. The major shortcoming is,
however, that we still cannot exclude the possi-
bility that a bias exists between a healthy lifestyle
and high sun exposure habits for which we might
not control [18]. Bias due to possible reversed
causation has to be taken into consideration.
Compared to women with low sun exposure,
women in the highest sun exposure group might
be better educated, have higher income, smoke
less, exercised more, have a better diet, and have
had fewer diseases at the inception of the study. In
the study we only included women without a
diagnosis of cancer, and we adjusted for comor-
bidity in our analysis. In addition, while omitting
the first 10 years in the analysis, the HR for
all-cause death were similar [2]. Further, we
adjusted for family income, educational level,
smoking habits, and marital status in the survival
analysis [3].

The findings that there was a dose dependency
in sun exposure to inversed risk of all-cause mor-
tality and the magnitude of the differences indi-
cate a causal relationship and not only an
association.

P. G. Lindqvist

Public Health Implications

The MISS cohort is comprised of Swedish-born
women before 1966, i.e., before widespread
immigration took place, and consists almost
entirely of Caucasian women. If avoidance of
sun exposure is a major risk factor for all-cause
mortality, the problem may even be more serious
among women who traditionally cover their skin
or who are more densely pigmented. For exam-
ple, black women in the USA were reported to
have a 26% excess all-cause mortality, as com-
pared to Caucasians [32].

Different health issues stand in opposition to
each other regarding UV exposure, and a careful
weighing of both hazards and benefits is required
to get a balanced view. As compared to Northern
Australia with strong UV radiation (UV index
>6) during most days of the year, Sweden has
low UV intensity (UV index <3) 8-9 months of
the year, increasing to strong UV radiation only a
few days per year. However, even if there are less
than 5 days a year with strong sun, there is a
recommendation to stay out of the sun between
1100 and 1400 [33]. Although the use of sun
blockers has a very minor position in our present
sun protection guidelines, the general perception
is “as long as they use sun blockers they can be
out for long.” This has, however, never been
showed. Thus, a plausible explanation for the
increasing MM incidence in Sweden is that the
old recommendations to rely on sunscreens use
result in UV overexposure, explaining the double
risk of MM among sunscreen users in Sweden
[34, 35]. More  importantly, strong
recommendations to avoid sun exposure seem to
increase the risk of CVD and noncancer-non-
CVD morbidity and excess death in our
population.

We conclude that the increased mortality rate
among those who avoid sun exposure is mainly
due to an increased risk of death from CVD and
noncancer/non-CVD. We hope our findings add
to a more balanced and adequate view regarding
the effects of sun exposure on our health.
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Abstract exposure to sunlight. The frequency of its
occurrence is closely associated with the con-
stitutive color of the skin and the geographical
zone. Changes in outdoor activities and expo-
sure to sunlight during the past 70 years are an
important factor for the increasing incidence of
melanoma. Mortality rates of melanoma show
stabilization in the USA, Australia, and in
European countries. In the USA even dropping
numbers of death cases were recently reported,
probably reflecting efficacy of the new sys-
temic treatments.

Among younger cohorts in some
populations (e.g., Australia and
New Zealand,), stabilizing or declining inci-
dence rates of CM are observed, potentially
caused by primary prevention campaigns
aimed at reducing UV exposure. In contrast,
incidence rates of CM are still rising in most
European countries and in the USA. Ongoing
trends towards thinner melanoma are largely
ascribed to earlier detection.

Melanoma and keratinocyte skin cancer (KSC)
are the most common types of cancer in
White-skinned populations. Both  tumor
entities showed increasing incidence rates
worldwide but stable or decreasing mortality
rates. Rising incidence rates of cutaneous mel-
anoma (CM) and KSC are largely attributed to
increasing exposure to ultraviolet
(UV) radiation, the main causal risk factor for
skin cancer.

Incidence rates of KSC, comprising of
basal cell carcinoma (BCC) and squamous
cell carcinoma (SCC), are much higher than
that of melanoma. BCC development is
mainly the cause of an intensive UV exposure
in childhood and adolescence, while SCC
development is related to chronic, cumulative
UV exposure over decades. Although mortal-
ity is relatively low, KSC is an increasing
problem for health care services causing sig-
nificant morbidity.

Cutaneous melanoma is rapidly increasing
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Introduction

Skin cancers are currently the most frequent solid
cancers in White populations, while they are rare
in African and Asian populations because these
populations have effective pigment protection.
The main forms are melanoma, originating from
pigment cells of the skin, and basal cell carcinoma
and squamous cell carcinoma, originating from
keratinocytes. All skin cancers in White
populations are caused in 90-95% by UV radia-
tion and are therefore considered to be predomi-
nantly caused by population attributable factors
[1]. This means that skin cancers could be
avoided as far as possible by changing the behav-
ior and avoiding UV exposure.

The important role of UV radiation in the
development of skin cancer is also reflected in
the mutation patterns of these tumors. The inves-
tigation of tumor mutational burden in 27 different
tumors showed the following picture: the lowest
tumor mutational burden was found in hemato-
logical and pediatric tumors, and the highest
tumor mutational burden was found in lung can-
cer and melanoma [2]. These are characteristi-
cally caused by exogenous carcinogens such as
cigarette smoke and UV radiation. The mutation
pattern in melanoma with C-T transitions in about
90% of all mutations is also characteristic for
UV-induced mutations. Further studies on skin
tumors showed that the mutation load in squa-
mous cell carcinoma of the skin is even signifi-
cantly higher than in melanomas. In squamous
cell carcinoma, 61 mutations/Mb were found, in
melanoma just 13/Mb [3].

Incidence and mortality of melanoma are well
documented in many registers worldwide.
Observed cases are recorded in cancer registries,
and estimates based on these data are made for
new cancer cases or deaths. The estimates are
made in advance and are therefore more up-to-
date than the cases observed. The American Can-
cer Society’s Department of Epidemiology and
Surveillance Research has been making such
case number estimates since 1970 and has
reported reliable estimates on melanoma since
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1975. The data for the USA are summarized in
Table 6.1 for the period 1975-2019 [4-16]. Dur-
ing this period, the number of melanoma cases
increased more than tenfold and deaths doubled
between 1975 and 2016. While the number of
new cases continued to increase and even doubled
between 2000 and 2019, the number of deaths
showed an interesting development: from 2016
to 2019, there was a significant decrease in the
number of deaths. In 2019, 2900 fewer patients
died from melanoma than in 2016. Most likely
because of the efficacy of the new targeted
therapies and the new immunotherapies, probably
a certain percentage of patients with metastatic
melanoma are currently being cured.

The incidence of keratinocyte skin cancer is
much higher than that of melanoma, but
keratinocyte skin cancer has a very low mortality
rate. This is the reason why keratinocyte is hardly
recorded by cancer registries worldwide. In the
USA, there is no cancer registry data on
keratinocyte skin cancer. In order to collect data
on keratinocyte skin cancer, evaluations of health
insurance data were carried out. It turned out that
2-3,000,000 procedures for the treatment of
keratinocyte were billed annually [17]. In
Germany, keratinocyte skin cancer is recorded
by several cancer registries in different federal
states. Here it was shown that the incidence of
keratinocyte skin cancer is about ten times higher
than that of melanoma. For 2010, 25 cases of
melanoma and 250 cases of keratinocyte skin
cancer per 100,000 inhabitants per year were
registered in Germany [18, 19]. About 80% of
keratinocyte skin cancers are basal cell
carcinomas, and about 20% are squamous cell
carcinomas.

The purpose of this review is to provide an
overview of the data available worldwide on the
epidemiology of melanoma and skin cancer. The
causal role of UV exposure in the development of
melanomas and skin cancer will be addressed in
particular. Trends of increases in incidence and
mortality are analyzed. Particular attention will be
paid to detecting the onset of plateau formation or
even a decrease in incidence.
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Table 6.1 Annual estimates of new melanoma cases and deaths by the American Cancer Society’s Department of
Epidemiology and Surveillance Research for the USA from 1975 to 2019

Year Estimated new cancer cases Estimated cancer deaths
1975 9000 5000
1980 14,100 4600
1985 22,000 5500
1990 27,600 6300
1995 34,100 7200
2000 47,700 7700
2005 59,580 7770
2010 68,130 8700
2015 73,870 9940
2016 76,380 10,130
2017 87,110 9730
2018 91,270 9320
2019 96,480 7230

Keratinocyte Skin Cancer
Incidence of Keratinocyte Skin Cancer

Keratinocyte skin cancer (KSC) is by far the most
frequent cancer in White populations, and numer-
ous studies have shown that incidence rates of
KSC are increasing worldwide [20-25]. KSC
generally occurs in persons older than 50 years,
and in this age group, its incidence is increasing
rapidly. In the USA the estimated case numbers
of KSC is more than 1000.000 per year of which
roughly 20-30% are SCC and 70-80% are BCC
[26]. In the White population in the USA,
Canada, and Australia, a mean annual increase
of KSC of 3-8% was observed since 1960
[20, 26-28]. Few studies found nearly 50-fold
differences in the incidence of basal cell carci-
noma (BCC) and 100-fold differences in squa-
mous cell carcinoma (SCC) between Caucasian
populations in Northern Europe and Australia
[20, 29]. Within Australia there is a marked
North to South gradient with the most extreme
incidence rates of KSC recorded in Queensland
[30]. Age-standardized incidence rates (ASIR) of
KSC, reported by a 3-year study (2011-2014),
were 3105/100,000/year for men and 2296/
100,000/year for women [30]. This study also
showed that within the 3-year study period, 47%
of the patients suffered from multiple KSC which
strongly correlated with higher ages. Age-specific

incidence increased from 26/100,000/year among
20-24-year-old people and reached rates of more
than 6000/100,000/year among those aged
80-84.

In Germany, the age-standardized incidence
rate of KSC was reported to be 113.2/100,000/
year in men and 85.1/100,000/year in women in
2014 (European Standard Population ESP)
[31]. Between 2007 and 2014, the estimated
annual percentage change (EAPC) of the
age-standardized incidence rate of keratinocyte
skin cancer was 3.6% among men and 5.2%
among women [32]. The KSC incidence rates in
Germany corresponded well with data from
Denmark (126.5/100,000/year for males and
124,8/100,000/year for females in 2012)
(Fig. 6.1e) [33].

Increasing incidence rates of BCC and SCC
have been reported in several European countries.
A study from the Scottish cancer registry over a
period of 12 years revealed an annual increase of
1.4-3.5% [25]. The Danish cancer registry also
evaluated the incidence rates of BCC and SCC
over a period of 30 years, and the incidence rates
have risen between 3.1 and 4.6% per year
[24]. Finally, a German study, including data
from 11 cancer registries over a period of
13 years, reported an annual increase of
3.3-11.6% for BCC and SCC [23]. In the German
Federal State of Saarland between 1970 and
2016, the KSC age-standardized incidence rates
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increased from 12.0 to 115.6/100,000/year in
males and from 9.7 to 102.7/100,000/year in
females (Fig. 6.1a) [34]. Age-specific incidence
rates continuously increased between 1970 and
2016. Throughout the entire period, the highest
incidence rates were observed in persons 80 years
and older. In this age group, incidence rates
increased from 85.3 in 1970 to 950.1/100,000/
year in 2016 in males and from 126.8 to 554.5/
100,000/year in females. In the same period, con-
siderably lower incidence rates were observed in
the youngest age group (40 years and younger).
Between 1970 and 2016, the incidence rates
increased for both sexes from less than 0.01 to
6.4/100,000/year in males and to 11.1/100,000/
year in females (Fig. 6.1c, d).

These incidence rates may be underestimated
as only the first keratinocyte tumor is registered in
many registries. To overcome this problem, a
cohort study from the UK, assessing the first
BCC and SCC per patient per annum for the
period 2013-2015, identified 51% additional
tumors, leading to threefold higher incidence
rates [35]. In this time period, the mean annual
percentage increase was 5% for both BCC
and SCC.

Basal Cell Carcinoma

Basal cell carcinoma is worldwide the most fre-
quent cancer in fair-skinned people and occurs
more frequently than SCC. It is more commonly
found in men than in women. In a cohort study
from the UK, BCC incidence in 2013-2015 was
352/100,000/year for men and 219/100,000/year
for women [35] (Table 6.2), which is clearly
higher than the incidence rate found in Germany.
Here, an incidence rate for BCC was reported
with 113.8/100,000/year in men and 102.5/
100,000/year in women [21], similar to rates
found in Scotland 2016 (190.1/100,000/year for
men and 132/100,000/year for women) [36]
(Table 6.2, Fig. 6.1f). According to estimates
from the Robert Koch Institute, in 2014 about
43,863 men and 44,257 women were diagnosed
with BCC for the first time [37]. Compared to
Northern European countries as Scotland or
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Germany, incidence rates were found to be
three- to tenfold higher in the USA and 10- to
20-fold higher in Australia. In Australia highest
yearly age-standardized incidence rates were
found dependent on the latitude, in Queensland
for BCC with 1538/100,000/year for men and
1191/100,000/year for women [30] (Table 6.2).

Squamous Cell Carcinoma

Squamous cell carcinoma is mostly associated
with an older age (mean age 70 years at diagno-
sis), especially in males, who are about twice
frequently affected. About 80% of cases occur
in people aged 60 years and above
[28, 38]. Highest incidence rates were found in
Australia. In Queensland, incidence rates in
2011-2014 accounted for 573/100,000/year in
men and for 371/100,000/year in women [30]
(Table 6.2). In the USA, incidence rates were
lower, 207.5/100,000/year for men and 128.8/
100,000/year for women [26] (Table 6.2). In the
UK the estimated annual percentage change was
6% in the 3-year period from 2013 to 2015.
Incidence rates for cutaneous SCC were
111/100,000/year in men and 42/100,000/year in
women [35] (Table 6.2). According to estimates
from the Robert Koch Institute, in 2014 about
29,300 men and 20,100 women in Germany
were diagnosed with SCC for the first time [37].
The incidence of SCC in Germany has increased
fourfold in the last 30 years [21, 23].

Decrease of Mortality in Keratinocyte
Skin Cancer

Compared to the incidence, the mortality of KSC
is quite low. The age-adjusted US mortality rate
for KSC from 1969 to 2000 was 0.69/100,000/
year; the rate among men was twice higher than
among women. Overall, SCC and BCC death
rates have declined [39]. According to the
Rhode Island study, decreasing SCC mortality
rates for men and women have been observed
when comparing two time periods (1979-1987
and 1988-2000) [40, 41]. Also, the BCC
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Table 6.2 Incidence rate of basal cell carcinoma and squamous cell carcinoma in Europe (Germany/Federal State of
Schleswig-Holstein [21], Scotland [36], UK [35]), the USA (Minnesota) [26], and Australia (Queensland) [30]

Incidence rates per 100,000 inhabitants and year

Basal cell carcinoma

Germany 2008-2010

Men 113.8
Women 102.5
Scotland 2016

Men 190.1
Women 132.0
US Minnesota 2000-2010

Men 360
Women 292.9
Australia Queensland 2011-2014

Men 1538
Women 1191
UK 2013-2015%

Men 352
Women 219

Squamous cell carcinoma

30.0
15.6

113.0
35.8

207.5
128.8

573
371

111
42

Incidence rates per 100,000 inhabitants and year, age-standardized for the European Standard Population 1976, US
Standard Population 2000 and for the Australian Standard Population
Calculated for the first BCC and the first SCC per patient per year

mortality rate for the current period was estimated
at 0.05 compared with 0.10 for the earlier period.
In Europe, similarly, a decrease of mortality rates
was found [42]. In the Netherlands, SCC mortal-
ity rates decreased by —1.9% (95% CI: —3.1% to
—0.7%) from 1989 to 2008 annually [43]. A
meta-analysis from Wehner et al. [44] compared
rates from four countries, Germany [45],
Denmark [46], the USA [47], and the Netherlands
[43]. For BCC all studies showed similar
outcomes with a standard mortality rate reaching
from 0.87 to 0.97. For SCC the rates were higher,
reaching 1.17 in Germany, 1.3 in Denmark, 1.25
in the USA, and 1.27 in the Netherlands. There-
fore, patients with SCC had a 25% increased risk
of all-cause mortality compared to the general
population. Mortality rates from 1970 to 2016 in
western Germany (the Federal State of Saarland)
revealed a continuous decrease since the 1970s.
In men, the age-standardized mortality rate
(European Standard Population) decreased from
1.7/100,000/year in 1970 to 0.9/100,000/year in
2016, and in women this rate decreased from 1.1/
100,000/year to 0.5/100.000/year for the same
period [34] (Fig. 6.1b).

Clinical Epidemiology of KSC

Keratinocyte skin cancers constitute more than
one-third of all cancers in the USA, and the
standardized ratio of BCC to SCC is roughly
4:1.2 [48]. Recent studies however reported a
more balanced overall BCC/SCC incidence ratio
of 1.4:1, which equalized as age increases,
reaching 1.1:1 in age groups older than 60 years
[49, 50].

KSC generally occurs in persons older than
50 years, and in this age group, its incidence is
increasing rapidly, patients with SCC were gen-
erally older at the time of diagnosis [28, 51,
52]. The anatomic pattern of increase in BCC
and SCC incidence was consistent with an effect
of higher sunlight exposure. Over 80% of KSC
occur on sun-exposed body sites. For KSC the
highest body site-specific incidence rates were
found for lip, orbit, nasolabial and ear, nose,
cheek, and the dorsum of the hands [53]. In
2008 Brantsch et al. [54] showed that tumor
thickness is an independent prognostic factor in
SCC. Key prognostic factors for metastasis were
increased tumor thickness (hazard ratio HR 4.79),
immunosuppression (HR 4.32), localization at the
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ear (HR 3.61), and increased horizontal size
(HR 2.22). The risk of local recurrence depended
on increased tumor thickness (HR 6.03) and
desmoplasia (HR 16.11) [54].

Sun Exposure and Keratinocyte Skin
Cancer

Sun exposure has since long been regarded to be
the major environmental risk factor for
nonmelanoma skin cancer [55, 56]. Lifelong
cumulative sun exposure has been postulated to
be a causal factor for SCC [55], while mixed
effects of intermittent and cumulative sun expo-
sure have been discussed as being causal for BCC
[56]. A dose-response curve for sun exposure and
BCC could be reported by several authors [56].
There is strong evidence to suggest that the
role of UV radiation in the development of skin
cancer is multifold: [1] it causes mutations in
cellular DNA that might ultimately lead to unre-
strained growth and tumor formation, (and [2]) it
induces a state of relative cutaneous immune-
suppression that might prevent tumor rejection
and [3] might allow the persistent infection with
human papilloma viruses (HPV) as shown in
immunosuppression  patients  [57].  Most
UV-induced damage to the cellular DNA is
repaired; however, mutations may occur as a
result of base mispairing of the cellular DNA.
The genes involved in the repair process are also
potential UV targets. p53 is a nucleoprotein
encoded by a tumor suppressor gene. Mutations
of the tumor suppressor gene p53 are implicated
in the genesis of a wide variety of human neopla-
sia including KSC [58]. These mutations were
reported to be present in 50% to 90% of SCC
[58] and approximately 55% of BCC including
very small lesions [59]. A second tumor suppres-
sor gene, the gene for the patched (PTCH) protein
in the epidermal growth-stimulating Hedgehog
pathway, the human gene homolog of the Dro-
sophila segment polarity gene patched, has also
been shown to be mutated in more than 90% of
sporadic BCC, in patients with Gorlin-Goltz syn-
drome, and with xeroderma pigmentosum [60—
62]. Furthermore, it has been reported that the
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observed point mutations both in the PTCH and
the p53 genes were predominantly UV-specific
transitions [61, 63]. These results provide the
first genetic evidence that UV radiation is the
principal causal factor for KSC. So far, mutations
in the PTCH gene seem to be specific for BCC
transformation, apart from SCC in patients with a
history of multiple BCC [63].

Recently, some studies report on occupational
risk factors for the development of KSC. Occupa-
tional exposure to tar, mineral oils, and infrared
radiation has also been identified as causative
agents for KSC. Now, there is consistent epide-
miological evidence for a positive association
between occupational UV light exposure and an
increased risk of SCC and BCC [64, 65]. In
Germany, KSC has been defined as an industrial
disease in outdoor workers [66, 67].

A systematic review and meta-analysis
published in 2011 demonstrated that working
people with many years of outdoor employment
have a significantly higher risk of SCC compared
to people who work indoors [64]. In addition, the
causal relationship between UV radiation and the
development of cutaneous SCC carcinoma and
actinic keratoses is established from a pathophys-
iological, experimental, and epidemiological
point of view.

Melanoma

Increase of Melanoma Incidence
in White Populations

The incidence of cutaneous melanoma (CM) has
steadily increased over the past 70 years [28, 68—
73]. Steep increases were mainly reported from
industrial countries with Caucasian populations
(Northern America [74-76], Northern Europe
[77, 78], and Australia and New Zealand [79—
81]), whereas in populations with greater pigmen-
tation (Asia and Africa), melanoma incidence has
remained largely unchanged [69, 82]. A variety of
behavioral changes in lifestyle (i.e., increased
outdoor recreational activities, desire to tan,
more frequent holidays spent in tropical
climates), associated with increasing exposure to
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UV radiation, have largely contributed to the
observed increase in melanoma incidence in the
past [68, 69, 83, 84]. The highest incidence rates
were reported from Australia and New Zealand.
In Australia, the age-standardized incidence rates
(WHO standard population, Segi) in 2014 were
41/100,000/year for men and 29.4/100,000/year
for women [85].

In the USA, the age-standardized incidence
rates (US Standard Population, 2000) increased
between 1975 and 2015 from 9.4 to 39.3/
100,000/year for men and from 8.2 to 27.2/
100,000/year for women (Fig. 6.2a) [86].

Incidence rates within Europe show great var-
iation [69, 72, 87]. The highest incidence rates
have been reported from North and West Europe,
where age-standardized melanoma incidence
rates (European Standard Population, 1976) for
2018 ranged between 23 and 25/100,000/year for
both sexes. The lowest incidence rates in Europe
were found in the Mediterranean and Eastern
countries (7-12/100,000/year), which are less
than half of that of Western and Northern Europe
[82, 88].

In all European countries, incidence rates of
CM have steadily increased since the 1950s. Dur-
ing the period 1990-2007, incidence rates have
risen by an average of +3.8% p.a. for women and
by +4.2% for men [73]. The strongest increases
were observed in Northern Europe, followed by
Western and later also in Eastern and Southern
Europe [69].

Long-term incidence trends are reported from
the Scandinavian countries, where first cancer
registration had already begun in the 1940s
[89, 90]. The Danish Cancer Registry recorded
melanoma patients from 1943 to 2015.
Age-standardized incidence rates (European
Standard Population, 1976) increased from 0.9/
100,000/year for men and 0.8/100,000/year for
women in 1943 to 29.4/100,000/year for men
and 36.8/100,000/year for women in 2015
(Fig. 6.2¢) [91].

In Germany, melanoma incidence data since
the 1970s are recorded in the Federal State of
Saarland. For men, age-standardized incidence
rates (European Standard Population) increased
from 2.3/100,000/year in 1970 to 12.0/100,000/

U. Leiter et al.

year in 2016 and in women from 2.4/100,000/
year  to 11.4/100,000/year,  respectively
(Fig. 6.2e). While incidence rates of melanoma
continue to rise in most European countries (i.e.,
in Southern and Eastern Europe), particularly in
higher age groups, there have been recent reports
from several Northern and Western European
countries, Australia, New Zealand, Canada, and
the USA of declining incidence rates among
younger birth cohorts [69, 79, 81].

Stabilization of Mortality Rates

Mortality from CM has been increasing until the
late 1980s in young- and middle-aged
populations from most European countries
[70, 83, 92] as well as from North America,
Australia, and New Zealand [5, 74, 79, 93]. Mor-
tality rates peaked in 1988-1990. Thereafter,
mortality trends developed differently. Mortality
rates were still rising in several European
countries (e.g., Southeastern Europe), particularly
for middle-aged and old patients, whereas trends
of stabilization or decline were visible among
younger cohorts [18, 83, 94-98]. The favorable
mortality trends are largely the result of changing
patterns of sunshine exposure and sunburn in
younger generations as well as to a better and
earlier diagnosis of CM [18, 79, 92, 95, 99,
100]. Additionally, a trend towards thinner and
less invasive melanomas in both Central Europe
and Queensland was observed in the last three
decades [101-103].

Age-standardized mortality rates are available
for the USA from 1975 onwards. Between 1975
and 2015, the age-standardized mortality rate for
men increased from 2.9/100,000/year to 4.1/
100,000/year and remained largely the same for
women (1.7-1.8/100,000/year) (Fig. 6.2b). Mor-
tality rates have been recorded in Denmark from
1950 to 2015. During this period, mortality rates
among men increased from 1.2/100,000/year to
4.0/100,000/year with peaks of up to 4.7/100,000/
year in-between. For women, the
age-standardized mortality rate increased from
0.9/100,000/year to 2.3/100,000/year with peaks
around the 1990s from 3.5/100,000/year
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(Fig. 6.2d). In the German Federal State of
Saarland, age-standardized mortality rates for
men rose from 0.4/100,000/year in 1970 to 3.3/
100,000/year in 2016, with peaks around 1990 of
3.6/100,000/year, while mortality rates for
women only slightly increased from 1.0/
100,000/year to 1.3/100,000/year, with peaks of
2.5/100,000/year in 1989 and of 2.8/100,000/year
in 2007 (Fig. 6.2f).

Clinical Epidemiology

Incidence trends of melanoma including clinical
and histopathological characteristics are based on
data from the Central Malignant Melanoma Reg-
istry (CMMR). The CMMR is the largest clinical-
based melanoma registry worldwide, which was
founded in 1983 by the German Dermatological
Society [104, 105].

Over the last four decades, the CMMR devel-
oped into a large multicenter project, recording
data retro- and prospectively from patients
diagnosed with CM in more than 70 dermatologi-
cal centers in Germany (including data from the
former Federal Republic of Germany and the
former German Democratic Republic), Austria,
and the Switzerland. Between 1983 and 2018, a
total of 130,600 cases with CM were registered.

Compared to the 1970s where almost 2/3 of
CM patients were women (63.5%), equalization
in both sexes (51% women and 49% men) was
visible in the 1990s in Germany.

In most countries, incidence rates of CM are
similar in men and women. Exceptions, with a
higher incidence in men, are observed from sev-
eral high-risk countries (e.g., Australia,
New  Zealand, and the US  Whites)
[99, 106]. Higher rates among women are found
in countries with lower CM incidence (e.g., Great
Britain) [69, 107].

Anatomic Site

The anatomic site varies according to gender. In
men most of the tumors are localized on the trunk,
and in women the preferred site is lower
extremities (Table 6.3). In men 52% of CM are
localized at the trunk, thereof 37% at the back,
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followed by the lower leg (17%). In women 37%
of CM are localized at the lower extremity, with
18% at the lower leg, followed by the trunk
(27%). CM localized at the head and neck region
are nearly equivalent in both sexes [104, 108].

The site-specific incidence of melanoma varies
according to age. The incidence of melanoma
localized on the trunk and on the lower extremity
decreases in higher ages, whereas a significant
increase of melanoma localized in head and
neck areas was found in older patients
[109, 110]. Nearly 80% of melanoma in age
groups of 80 and more years were found in head
and neck areas. Melanomas developing at differ-
ent body sites are associated with distinct patterns
of sun exposure. Melanomas of the head and neck
are associated with chronic patterns of sun expo-
sure, whereas trunk melanomas are associated
with intermittent patterns of sun exposure,
supporting the hypothesis that melanomas may
arise through divergent causal pathways [110-
112].

Histological Subtype

The most frequent histological subtype is superfi-
cial spreading melanoma which covers nearly
50% of all CM followed by nodular melanoma
(16% of all CM), lentigo maligna melanoma
(10% of CM), and acrolentiginous melanoma
(4% of CM).

Different age distributions are found for the
respective histological subtypes. The peak for
superficial spreading melanomas is found in
patients of 55 to 59 years, for nodular and
acrolentiginous melanomas in patients of 65 to
69 years, and in lentigo maligna melanoma in
patients of 70 to 74 years.

Tumor Thickness

The tumor thickness is the most important prog-
nostic factor in primary melanoma [101, 113]. In
Germany there is an ongoing trend towards thin-
ner melanoma since the 1980s with stabilization
from the mid-1990s onwards [114]. For men, the
median tumor thickness decreased from 1.61 mm
in 1982 to 0.91 mm in 2018 and in women from
1.44 mm to 0.90 mm, respectively (Fig. 6.3).
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Table 6.3 Anatomic sites of CM in the CMMR, according to gender. The median age is given at the time point of

diagnosis
Anatomic site Men Women
% Median age %o Median age
Face 8.7% 68 9.7% 71
Scalp 7.0% 67 2.6% 64
Neck 2.7% 60 1.8% 57
Anterior trunk 15.3% 58 8.0% 47
Posterior trunk 36.5% 59 18.6% 51
Genital region 0.2% 63 0.5% 64
Upper extremity 11.6% 61 19.4% 60
Lower extremity 16.5% 56 37.0% 54
Others 1.6% 63 2.4% 66
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Fig. 6.3 Median tumor thickness of melanoma, recorded in the CMMR (1982-2018), by sex

The tumor thickness at the time point of pri-
mary diagnosis is also age dependent. Generally
there is a significant decrease of melanoma with a
tumor thickness of 1.0 mm or less in higher ages
and is less than 50% at the age of 70. In contrast
the proportion of thick melanoma increases sig-
nificantly and reaches 22% at the age of 80 years
in both genders.

An analysis of the prognosis of 19,693 patients
with primary CM considering tumor thickness
was performed based on data recorded by the
CMMR since 2000.

In patients with a tumor thickness of 0.8 mm or
less, 10-year melanoma-specific survival rates
were 97%; for those with a tumor thickness
between 0.8 and 1.0 mm, 10-year survival was
90% and decreased to 87% in patients with a
tumor thickness of >1.0 to 2.0 mm and to 76%
in patients with a tumor thickness of
>2.0-4,0 mm. Ten-year survival rates were low-
est (58%) in patients with a tumor thickness of
more than 4 mm (Fig. 6.4).
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Sun Exposure and Melanoma

Population Attributable Fraction: UV
Radiation and Melanoma

A series of epidemiological and biological studies
have provided sufficient evidence for the causal
role of UV exposure in melanoma development
[115, 116].

The population attributable fraction (PAF)
quantifies the proportion and the numbers of mel-
anoma cases that can be attributed to exposure to
UV radiation and that could potentially be
avoided by complete elimination of sun exposure.
It is helpful in prioritizing melanoma control
strategies and for the evaluation of the potential
impact of interventions seeking to reduce expo-
sure to UV.

The population attributable fraction is
estimated by comparing the observed incidence
rates in an “exposed” population with those of a
“minimal-exposed” or “low-incidence” reference
population (as approximation of an “unexposed”
population). The differences in incidence rates are
then attributed to corresponding differences in
exposure to UV between reference and study
population [1, 117].

Population Attributable Fraction: Global
Estimates

The proportion of melanoma cases caused by UV
exposure varies greatly across different regions,
ranging from less than 1% to >95%, with the
lowest and highest PAF observed in East Asia
and Oceania [118, 119]. Most recent estimates
for 2012 revealed that around 168,000 cases of
melanoma were attributed to excess exposure to
UV radiation, representing 75.7% of all mela-
noma cases worldwide. The burden was higher
in men (81.3% attributable cases) than in women
(69.4% attributable cases). The vast majority
(around 89%, 149,340 of 168,000 cases) of
UV-attributable melanoma cases occurred in
countries with a very high Human Development
Index (HDI), where 86.6% of all melanoma cases
(91% among men and 81.4% among women)
were due to high UV exposure. This was most
pronounced in Australia and New Zealand, where
97.4% of all melanomas in men and 93.4% in
women, respectively, were attributable to UV
radiation [120]. Similarly high values were
estimated for the White US population, with a
PAF ranging between 85 and 92% in females
and between 94 and 96% in males [1, 121]. Within
Europe, the proportion of melanomas attributed to
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excess sun exposure shows a great variation. The
highest values for the PAF were reported from
Northern (90-95%) and Western Europe (86%);
lower PAFs were estimated for Eastern (68%) and
Southern European countries (78%) [117, 118,
122, 123].

Conclusion

Melanoma and keratinocyte skin cancer (KSC)
are now the most common types of cancer in
White populations. Both tumor entities show an
increasing incidence rate worldwide. The rising
incidence rates are predominantly caused by
increased exposure to UV radiation. An intensive
UV exposure in childhood and adolescence was
causative for the development of basal cell carci-
noma (BCC), whereas for the etiology of SCC a
chronic UV exposure in the earlier decades was
accused. Melanoma risk seems to be associated
with intermittent and also chronic UV exposure.
Although a stabilization of CM incidence rates
are observed in younger cohorts in Australia and
New Zealand, the impact of primary prevention
measures on incidence rates of melanoma is
unlikely to be seen in the near future, and rather
increasing incidence rates to 40-50/100,000/year
should be expected in Europe and in the USA in
the next decades.
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Abstract

Solar UV exposure is critical and complex in
the etiology and prognosis of skin cancer, par-
ticularly cutaneous malignant melanoma. Sun
exposure and one of its “derivatives,”
vitamin D, have been implicated in protection
against mortality from melanoma. However,
the relationships are inconsistent. At this
time, it is not possible to make clear
recommendations for or against sun exposure
in relationship to melanoma prognosis. How-
ever, this relationship deserves continued
exploration.
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Introduction
Skin Cancer

The three major skin cancers — cutaneous malig-
nant melanoma (CMM), squamous cell carci-
noma (SCC), and basal cell carcinoma (BCC) —
are considered “sun-related” cancers, as detailed
by Gordon [18]. Although CMM is considered to

M. Berwick (0X)) - A. Garcia

University of New Mexico, Albuquerque, NM, USA
e-mail: mberwick @salud.unm.edu; ammgarcia@salud.
unm.edu

© Springer Nature Switzerland AG 2020

be the most lethal of the three major types of skin
cancer, SCC can also be quite lethal. A major
problem in the assessment of the impact of BCC
and SCC is the fact that most, though not all,
national tumor registries do not track these skin
tumors due to their large numbers and supposed
low impact. BCC and SCC are commonly
referred to as ‘“nonmelanoma skin cancer” or
NMSC. NMSC is the most frequently diagnosed
cancer in North America and in Australia and
New Zealand. Globocan [7] estimated that there
were 1,042,056 new cases of NMSC worldwide
in 2018, with 65,155 deaths, or approximately 6%
of deaths, attributable to NMSC (mostly SCC).
These data are similar to those reported from
Spain [37] where overall survival with SCC is
90.1% and with BCC 99.8%. Norway is one of
the few countries keeping records for SCC.
Robsahm et al. [36] reported that SCC incidence
was increasing but that SCC mortality was stable.
One group with a high overall mortality of all skin
cancer is organ transplant patients [30]. In the
United States, skin cancer-specific mortality
among organ transplant patients was 35.27 per
100,000 person years. Of the skin cancers in
these patients, mortality was greatest for CMM
(11.48 per 100,000), followed by SCC (4.94 per
100,000) and others such as Merkel cell
carcinoma [17].
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Incidence and Mortality of CMM

Worldwide estimate for the number of CMM
diagnosed in 2018 was 287,723, with 60,712
deaths, approximately 21% [7], 3.5 times the
rate as NMSC. CMM incidence has increased in
developed countries, in places such as Australia,
the United States, and Europe. Currently in most
developed countries, CMM incidence has gener-
ally increased among those with thinner lesions.
In the United States, female mortality with CMM
has not increased and hovers at 1.9 per 100,000,
whereas mortality among males with CMM has
continued to increase slightly over time, from
2.88 per 100,000 in 1975 to 4.44 per 100,000,
based on 2011-2015 deaths (Fig. 7.1, [28]). The
reasons for the differences in male and female
rates have been controversial. Some consider
behavior to be the determining factor, and others
focus on genetic and hormonal factors.

One suggestion to explain the fact that inci-
dence is increasing far faster than mortality is
“over-diagnosis,” a tendency to diagnose more
early lesions than previously [31]. Of course, it
is probably best to find lesions early, but it may be
that lesions that would not have been called mel-
anoma in the past are now being called melanoma
[12]. Over-diagnosis occurs when there is an
increase in incidence but little or no
corresponding increase in mortality [44]. Over-
diagnosis is difficult to prove, but curves for
CMM incidence and mortality fit that description.
The result is that there is potentially over-
diagnosis among the very thin lesions in
particular.

Sun Exposure

Behavior and type of sun exposure critically inter-
act in the development and progression of mela-
noma. Sun exposure is generally divided into
three categories: chronic, intermittent, and total.
Chronic Sun Exposure. Chronic sun exposure
is defined as a constant or consistently high level
of sun exposure. The chronic sun exposure path-
way in sun-sensitive people is particularly
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damaging, although sun-sensitive individuals
usually develop melanoma somewhat later in
life. This type of exposure has often been
measured as occupational exposure.

Intermittent Sun Exposure. Intermittent sun
exposure is the type of exposure that indoor
workers generally get as they are indoors and
relatively sun protected during the week and
then outdoors on the weekend. Often this type
of exposure is associated with sunbathing, water
sports and vacations in sunny places, or simply
being outdoors on the weekend.

Timing of Sun Exposure. Many studies indi-
cate that early life sun exposure is critical to the
development of melanoma later in life. Our
unpublished data, based on 3578 individuals,
shows that individuals with high levels of early
life sun exposure also have high levels of sun
exposure throughout their lifetime, so it is some-
what difficult to differentiate the effects of early
life sun exposure from that over the lifetime. It is
logical that children might have a stronger associ-
ation with melanoma risk with excessive sun
exposure as their bodies are experiencing rapid
cell growth and thus likely to multiply the effects
of sun damage more than adults; however, this
thesis has not been rigorously tested.

Sun Exposure Measurement. Sun exposure is
generally measured by (a) ground-level meter
readings, (b) satellite measurement, (c) self-
reported outdoor activities, (d) wearable monitors
for sun exposure, and (e) a combination of self-
reported outdoor activities and satellite measures
of ambient ultraviolet radiation (UVR). None of
these measures is totally accurate for obtaining an
individual’s actual sun exposure; each has
drawbacks. Ground-level meter readings are geo-
graphically distant, so that an individual relatively
far from one does not have an accurate measure.
Satellite measures are somewhat better but suffer
from over-generalization, such that they measure
the exposure at a specific spot but do not take into
account individual behaviors indoors and out-
doors. Self-reported outdoor activities rely on an
individual’s memory and thus vary considerably
over time. Wearable monitors are excellent but
can only cover a short time period. Combinations
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SEER Observed Incidence, SEER Delay Adjusted Incidence and US Death Rates®
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Fig. 7.1 Incidence and mortality for melanoma among different racial/ethnic groups [28]

of various measures suffer from the problems of
each measure; however, they are more likely to
get at real exposure.

Anatomic Site

The appearance of melanomas on any particular
anatomic site is confounded by multiple factors
[11]. For example, as more melanomas appear on
the legs in females than in males, and as females
often wear skirts, many have assumed that they
have more exposure, albeit limited, on the legs.
However, there is some evidence to suggest that
anatomic site may be due to a sex-linked genetic
factor or hormonal differences.

Age and Sex Differences. Males are more
likely to develop melanoma on the trunk and
later in life, while females are more likely to
develop melanoma on the legs and earlier in life

[2]; however, females also develop melanoma on
the trunk and males on the legs, so this relation-
ship is not rigid.

Mutation Status. There appears to be agree-
ment that BRAF-mutated tumors tend to appear
in younger individuals on the trunk, whereas
NRAS-mutated tumors tend to segregate among
older individuals on the trunk and upper
extremities [40]. As it is quite difficult to
sequence primary tumors, there has been little
data to date; however, technology is improving
and it is likely that more information will be
forthcoming.

Survival Difference. Melanomas of the scalp
and neck have poorer survival as has been shown
many times (e.g., [20]). Those melanomas on the
trunk and arms have the next poorer survival,
while those on the legs have relatively good
survival.
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UV and DNA Damage

It has been repeatedly shown that melanomas
have more “UV signature mutations” (i.e.,
C > T or CC > TT transitions) and more total
mutations than other cancers in a comparison of
the tumor mutations among multiple cancer types
from the Cancer Genome Atlas (TCGA)
[21]. Strangely, the more mutations, the less
“lethal” the melanoma. Perhaps that is due to the
development of neo-antigens as the mutations
increase. Thus, the tumor is being recognized
and combatted by the body’s immune system.

Relationships of Sun Exposure
and Melanoma Mortality

Studies have found reduced mortality of mela-
noma located on anatomic areas with increased
sun exposure (Table 7.1). Some newer studies
demonstrate  that melanoma tumors on
sun-protected  sites have poor  survival
[19, 35]. However, it is unclear whether that is
due to an inability to see those tumors at an early
stage or that is due to a different etiology for
tumors with poor survival. In addition, different
authors describe “sun protected” differently, with
some using mucosal and acral lentiginous
melanomas as “sun protected” [34] and others
using body sites usually covered by clothing,
such as the chest, back of the neck, shoulders,
and thighs, as “sun protected” or ‘“highly
intermittent” [19].

Other studies have evaluated associations of
sun exposure and melanoma prognostic factors
[16], who found that higher levels of individually
reported sun exposure were inversely associated
with Breslow thickness and ulceration. In several
studies overall survival was associated with
reported sun exposure ([6, 23, 46] (supplementary
data)). However, in Italy, Fortes et al. [14] found
no association between reported sun exposure or
estimated UVB levels and melanoma survival,
and Lin et al. [22] estimated continuous UVR
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exposure and found a small association with
increased melanoma mortality.

Epidemiologic studies have multiple issues
that preclude definitive answers to the role of
sun exposure and melanoma survival. However,
those studies, such as those by Pozniak et al. [35]
and Trucco et al. [42], which evaluate both
biological and genetic associations may give
insights to this association. Trucco found that
patients with UV “signature” mutations had lon-
ger disease-free survival and better overall sur-
vival independent of stage at diagnosis. This
finding was replicated in the TCGA data. Trucco
then evaluated the role of UV signature mutations
in a BRAF"*°" mouse model. While UVA and
UVB accelerated melanomagenesis and increased
tumor burden, the mice with UV signature
mutations had significantly longer survival. Stud-
ies such as these provide strong evidence that UV
exposure is in fact associated with better survival.
These findings need to be evaluated in the context
of UV exposure which is also causative for mela-
noma. Further evaluation is critical to understand-
ing these complex relationships.

Vitamin D and Melanoma Mortality

Numerous case-control, cohort, and ecological
studies have shown an inverse relationship
between serum vitamin D levels and melanoma
mortality (Table 7.1). Timerman et al. [41] found
that initial vitamin D deficiency and inadequate
repletion confer a worse prognosis. Fang et al.
[13] demonstrated that lower vitamin D levels at
diagnosis were associated with poorer survival,
after adjusting for CRP level. In a small study in
Australia, Wyatt et al. [45] reported a strong
association between low levels of serum vitamin
D and increased Breslow thickness, the major
prognostic factor for melanoma, as did
Gambichler et al. [15] in Germany. In a large
cohort in Leeds, Newton-Bishop et al. [27]
demonstrated that lower vitamin D levels at diag-
nosis were associated with poorer survival. Bade
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Table 7.1 Studies addressing sun exposure or vitamin D and melanoma mortality

Country of | Time Number of deaths or
Author, year | population period Number followed hazard ratio Comments
Sun exposure and melanoma mortality
Trucco, United 2012-2014 | 126 primary TCGA: HR = 0.43 Developed a 10-gene
2019 Kingdom melanomas, (95% C1 025, 0.73) for | recurrent mutation set
and France 112 mice and TCGA | signature 7; HR 0.53 from the “signature 7"
sun-exposed (0.36, 0.80) for (UV-related) mutation
(n =372) and non- | 10 gene set; UK-Fr: set
sun-exposed sites HR 0.29 (0.20, 0.84)
(n =47)
PozZniak, United 2001-2003 | 703 HR 1.64 [95% CI, Melanoma on
2019 Kingdom 1.11-2.41] sun-protected body
sites was associated
with worse melanoma-
specific survival
Gordon, Sweden 1976-2003 | 5973 HR 1.3 [95% CI, Melanoma on high and
2017 1.1-1.5] moderate
UVR-exposed
anatomic areas (face,
hands, lateral arms,
lower legs, dorsum of
the feet) was associated
with a more favorable
prognosis
Gandini, Italy 2010-2013 | 2738 Ulcerated melanoma Holidays with sun
2016 in patients with exposure prior to
vacation sun exposure: | diagnosis and the
OR 0.76 [95% CI, number of weeks of
0.61-0.93] vacation with sun
exposure were
statistically
significantly inversely
related to Breslow
thickness and
ulceration
Fortes, 2016 | Italy 2001-2003 | 972 HR 1.02 [95% CI, No protective effect for
0.43-2.41] UVB or individual sun
exposure variables on
melanoma mortality.
Berwick, Australia, 1998-2003 | 3578 HR 0.27 [95% CI, This study found only
2014 Canada, 0.09-0.85] weak evidence that
Italy, and high levels of sun
the United exposure before
States melanoma diagnosis

increased survival. Of
the recent sun exposure
variables, only one or
more sunburns in a year
in the decade prior to
diagnosis was
significantly associated
with reduced risk of
death from melanoma

(continued)
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Table 7.1 (continued)

Country of | Time Number of deaths or
Author, year | population period Number followed hazard ratio Comments
Lindqvist, Sweden 1990-1992 |29,518 MR 2.0 [95% CI, Data was obtained
2014 1.6-2.5] from the melanoma in
southern Sweden
cohort. The all-cause
mortality rate was
twofold higher in those
that avoided sun
exposure
Lin, 2013 United 1995-1996 | 346,615 HR 1.13 [95% CI, Continuous UVR
States (417 melanoma) 1.02-1.25] exposure was

associated with
increased melanoma
mortality

Serum levels of vitamin D and melanoma mortality
Timerman, United 2007-2013 | 252 HR 1.93 [95% CI, Retrospective study
2017 States 1.15-3.22] found 25(OH)D
deficiency on
presentation and
insufficient repletion
were associated with
Wworse prognosis in
patients with metastatic
melanoma
Fang, 2016 United 1997-2009 | 3189 HR for overall survival | Lower vitamin D levels
States 1.03 per unit decrease | in melanoma patients
of vitamin D [95% CI, | were associated with
1.01-1.04] worse outcomes when
adjusted for CRP level
Saiag, 2015 | France 2003-2008 | 1171 HR 0.90 [95% CI, Vitamin D3 levels
0.82-0.99] for each during follow-up is an
20 nmol/L increase in | independent prognostic
vitamin D levels marker, but not its level
without adjusting for at diagnosis
Breslow thickness
Wyatt, 2015 | Australia 2010-2011 | 100 OR 3.82 [95% CI, <50 nmol/L levels of
1.03-14.14] 25(0OH)D levels were
associated with a nearly
fourfold increased risk
of greater Breslow
thickness
Bade, 2014 Germany 2000-2004 | 324 None Primary tumors in

patients with low
serum levels of 25(OH)
D concentrations had
significantly higher
Breslow thickness.
Patients with lower
serum vitamin D
concentrations had
decreased survival

(continued)



7 Solar UV Exposure and Mortality from Skin Tumors: An Update

149

Table 7.1 (continued)

Author, year

Country of
population

Time
period

Number followed

Number of deaths or
hazard ratio

Comments

Newton-
Bishop,
2015

United
Kingdom

2001-2013

2182

HR 1.79 [95% CI,
1.15-2.78]

Lower vitamin D levels
at melanoma diagnosis
were associated with
thicker primary tumors
and worse survival.
Vitamin D levels

<20 nmol/L were
significantly associated
with increased risk of
melanoma-related
death

Gambichler,
2013

Germany

2009-2012

764

Regression
coefficient — 1.45
(Breslow) -0.79
(AJCC stage)

Case series that found
that lower vitamin D
levels were
significantly associated
with higher Breslow
tumor thickness and
higher American Joint
Committee on Cancer
2002 melanoma stage

Ogbah, 2013

Spain

2004-2008

81

OR 1.1 [95% CI,
0.78-1.54] p = 0.583

Case series that did not
find a significant
association between
vitamin D levels and
Breslow thickness

Vitamin D SNPs and melanoma mortality

Orlow, 2018 | Australia, 1998-2003 | 3336 Each VDR haplotype | Measured sun exposure
Canada, had variable HRs. The | around the time of
Italy, and most significant had a | diagnosis modifies
the United HR of 0.67 [95% CI, survival in melanoma
States 0.52-0.88] patients
Sikora, 2018 | Poland 243 None No correlation was
found between VDR
genotype and Breslow
thickness
Vasilovici, International | Reviewed 17 studies reviewed | None Systematic review
2018 studies which concluded that
published the vitamin D receptor
from 2000 gene is implicated in
to 2018 the pathogenesis and
progression of
melanoma
Luo, 2017 International 2578 Each SNP had variable | No improvement in
HRs. After correction, | melanoma prognosis
none reached FDR by including vitamin D

cut-off of 0.05

pathway SNPs into
known major
prognostic measures
(i.e., Breslow
thickness, ulceration,
etc.)

(continued)



150

Table 7.1 (continued)

Country of | Time
Author, year | population period

Morgese, Italy 2012-2016 |88

2017

Orlow, 2016 | Australia,
Canada,
Italy, and
the United
States

1998-2003 | 3566

Davies, United 2001-2013 |3.137

2014 Kingdom

Brozyna, Poland 2003-2009 |69

2014

Vitamin D supplementation and cancer mortality

Manson, United 2011-2017 | 25,871
2019 States

et al. [4] found similar results in Germany. How-
ever, in a small study, Ogbah et al. [29] saw no
association between vitamin D levels and
Breslow thickness. Saiag et al. [38] measured
vitamin D levels in patients through follow-up
and concluded that it was the change in serum
vitamin D levels that was important rather than
only vitamin D levels at diagnosis.

Number followed

Number of deaths or
hazard ratio

Recessive
homozygous PIK3CA
152699887 SNPs
showed worse overall
survival than dominant
or heterozygous
genotypes. HR 0.28
[95% CI, 0.02-3.61]

Each VDR haplotype
had variable HRs. The
most significant had a
HR of 1.22 [95% CI,
1.02-1.45)

HR 1.22 [95% CI,
1.04-1.43]

None

HR 0.83 [95% CI,
0.67-1.02], for death
from cancer of any

type

melanoma

M. Berwick and A. Garcia

Comments

Significant correlation
between certain VDR
SNPs and longer
progression-free
survival and disease
control rate during
treatment with anti-
BRAF in patients with
melanoma
Researchers found
several SNPs mostly
located in the coding
region for the VDR
gene that were
associated with
melanoma-specific
survival. The SNPs
were not associated
with Breslow
thickness, mitosis, or
ulceration

Statistically significant
increased risk from
melanoma death with
SNPs associated with
lower vitamin D levels

VDR expression was
inversely correlated
with melanoma
progression

Randomized controlled
trial of vitamin D
administration for the
prevention of cancer
and cardiovascular
disease.
Supplementation with
vitamin D did not result
in lower incidence of
invasive cancer

Vitamin D Receptors and Melanoma
Mortality

Research interest has grown in vitamin D receptor
characteristics ~ and
(Table 7.1). Brozyna et al. [8] in a small study
of 69 found that high VDR expression is
associated with reduced melanoma mortality. In

survival
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a large international study, Orlow et al. [32] found
that VDR SNPs were associated with melanoma
survival, and then in 2018 [33], they reported an
interaction of VDR SNPs with sun exposure that
reduced survival in melanoma. However, Luo
et al. [24] reported that the addition of VDR
genotype to host and clinical factors had no influ-
ence on prognosis of melanoma. Sikora et al. [39]
in a much smaller study found no association with
VDR genotypes and Breslow thickness at diag-
nosis. This finding is in contrast to a systematic
review by Vasilovici et al. [43] demonstrating
that the VDR gene is important in progression
of melanoma as did Morgese et al. [26].
Underlining this conclusion is the study by
Davies et al. [10] demonstrating a small but sta-
tistically ~ significantly increased risk for
melanoma-specific death related to SNPs
associated with lower vitamin D levels.

Vitamin D Supplements
and Melanoma Mortality

Despite these promising results, the role of vita-
min D in clinical treatment is still not clear. Clini-
cal trials exploring the effects of vitamin D
supplementation have been largely inconclusive.
In a large randomized controlled trial, Manson
et al. [25] concluded that supplemental vitamin
D does not lower the incidence of invasive cancer
or other chronic diseases. In a meta-analysis,
Caini et al. [9] found that vitamin D taken from
diet or supplements was not protective against the
development of skin cancer. They propose that
the active form of vitamin D produced in the skin
may serve a different function from the systemic
form. Indirect proof for this theory comes from
different regulatory mechanisms for vitamin D
activated in the kidney and that activated in the
skin. While supplementation may not confer pro-
tection, serum vitamin D levels at diagnosis have
been inversely associated with cutaneous mela-
noma Breslow thickness and survival, so it is
critical to understand the factors leading to this

inverse association. Such factors may be solar
UV, or some other factors less obvious.

Conclusion

Findings are inconsistent regarding the role of sun
exposure and melanoma mortality. The
populations studied are not necessarily represen-
tative of the general population, even though
some are quite large. At this point it is difficult
to separate the role of sun exposure from several
other factors: site of sun exposure, serum vitamin
D levels, and the genetic signature for sun expo-
sure. For example, many studies demonstrate that
melanoma tumors on sun-protected sites have
poor survival. However, it is unclear whether
that is due to an inability to see those tumors at
an early stage or that is due to a different etiology
for tumors with poor survival. As pointed out
throughout this volume, high or adequate serum
vitamin D levels are important and have been
associated with better melanoma survival. How-
ever, as Autier et al. [3] has pointed out, “This
possibility is supported by the observation that of
all vitamins and anti-oxidative compounds found
in the serum, the 25(OH)D concentration is prob-
ably the most sensitive to changes in health sta-
tus.” Thus, perhaps this is a function of what
epidemiologists call “reverse causation,” so that
healthy serum vitamin D levels are a result not a
cause of good health. Manson’s [25] ground-
breaking  randomized  controlled  study
demonstrates clearly that vitamin D supplementa-
tion will not improve risk for disease. Trucco
et al. [42] recently demonstrated in humans that
a subset of “signature 7” [1] genes were strongly
associated with longer disease-free survival and
better overall survival in melanoma. They verified
this finding in a melanoma mouse model. Pozniak
et al. [35] reporting on gene expression data in
703 patients from a population-based cohort of
2184 patients in Leeds, UK, focused on immune
subgroups and the role of tobacco smoking
among patients. However, they also controlled
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for site of melanoma — sun-exposed vs. non-sun-
exposed — which was strongly associated with
survival: those with melanomas in non-sun-
exposed sites had an increased hazard ratio for
melanoma-specific survival (HR 1.64, 95% CI
1.71-2.41). The hazard ratio was increased
among each immune subgroup, but only signifi-
cant overall and among the low immune sub-
group, where it was equal in strength to AJCC
stage.

Finally, Bataille [5] has called into question
the emphasis on sun exposure in melanoma inci-
dence, suggesting more complex etiologies:
(1) melanocyte differentiation in embryogenesis
may be important for initiation and progression;
(2) reduced senescence and increased longevity;
(3) body weight and energy expenditure; as well
as (4) new gene discoveries. These areas may also
be relevant for melanoma survival and should
continue to be investigated along with any new
leads.

There are multiple strands of evidence
supporting different areas of investigation for
melanoma mortality. Sun exposure is particularly
difficult to measure over a lifetime and after diag-
nosis of melanoma. Indirect clues lie with histo-
pathologic variables such as solar elastosis,
individual reporting of sun exposure over the
lifetime, integration of individual reports of sun
exposure with ultraviolet radiation flux, serum
vitamin D levels, mutations indicating UV expo-
sure, host characteristics such as age and sex, and
each of these as interacting with specific host
genetic factors. What is most critical is that
investigators continue to look for a variety of
causes for mortality from melanoma and the nat-
ural history of melanoma leading to melanoma-
specific mortality. Only by casting a wide net and
continuing to investigate hypotheses — new and
old — will we be able to improve survival from
melanoma.

While sun exposure appears to play a role in
lower melanoma mortality, it is unclear how. It is
becoming more evident that oral vitamin D sup-
plementation will not improve survival, even as it
may increase serum vitamin D levels. At this
time, there is no clear recommendation for the
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role of sun exposure in melanoma mortality. Cau-
tion is always the best route.
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Check for
updates

Barbara Burgard and Jorg Reichrath

Abstract evidence levels are low due to severe
limitations (including unobserved or unre-
corded confounding), which leads to bias. It
must be recognized that in the majority of
studies, published to date, many of the
confounding factors, including sun exposure,
sunburns and skin type, have not been ade-
quately and systematically recorded and
adjusted for. We conclude that the many
limitations of the individual studies and the
resulting low levels of evidence and grades
of recommendation do at present not allow
postulation of a causal relationship between
solarium use and melanoma risk. At present,
there is no convincing evidence that moder-
ate/responsible  solarium use increases
melanoma risk.

To shed further light on the ongoing debate
whether sunbed use may increase melanoma
risk, we have critically assessed the scientific
literature that is at present available, focus-
sing on a meta-analysis that we published
recently. Our literature search identified sev-
eral meta-analyses that report a weak associ-
ation for ever-exposure to UV radiation from
a solarium with melanoma risk. However, the
quality of studies included in these meta-
analyses and the resulting evidence levels
and grades of recommendation were very
low due to the lack of interventional trials
and because of severe limitations of many of
the observational studies. The results of
cohort and case—control studies published
until today do not prove causality, not even
by the Hill criteria. The overall quality of
these observational studies and the resulting Artificial ultraviolet radiation - Cancer -
Environmental risk factors - Malignant
melanoma - Melanoma - Public health - Skin
cancer - Skin cancer prevention - Skin cancer
prevention campaigns - Solarium - Sunbed -
Ultraviolet radiation
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is the ultraviolet (UV) range (UV-C:
200-280 nm; UV-B: 280-315 nm; UV-A:
315400 nm) of solar radiation, because exposure
to solar or artificial UV exerts both positive and
negative effects on human health [1-59]. While
some of the beneficial UV effects are due to the
UV-B-mediated cutaneous synthesis of vitamin D
[1-5], hazardous effects include the initiation and
promotion of skin photocarcinogenesis [5]. The
relevance of the UV-B spectrum in promoting
non-melanoma skin cancer (most importantly
basal and squamous cell carcinomas; risk factor:
high cumulative UV exposure, via, e.g. induction
of DNA mutations) and melanoma (risk factor:
high intermittent UV exposure, e.g. UV burns,
most importantly in childhood) is generally
accepted. Besides other effects that include
immunomodulation, UV-B radiation is thought
to lead in target cells to direct DNA damage
through cyclobutane pyrimidine dimer formation
and also the production of DNA damaging
photoproducts. Recent animal and laboratory
studies have indicated a possible additional con-
tribution of the UV-A spectrum to skin photocar-
cinogenesis [5, 81]. It was demonstrated that
UV-A radiation produces reactive oxygen spe-
cies, thereby causing indirect DNA damage [5,
81]. Malignant melanoma, which develops from
uncontrolled proliferation of pigment-producing
cells (melanocytes), represents the most aggres-
sive form of skin cancer. Cutaneous melanoma is
the 12th most common cancer worldwide, with an
estimated age-standardized incidence rate of 3.0
per 100,000 [7]. In contrast to melanoma death
rates, which had more than doubled in light-
skinned populations between 1955 and 1985,
melanoma mortality rates were decreasing from
1985 to 1990 in Australia, the United States and
in many European countries [7].

While the most common form of melanoma is
cutaneous, it can also arise in the uveal tract,
mucosal surfaces and leptomeninges. At present,
the pathogenesis of malignant melanoma is far
from being completely understood. It has been
reported that genetic, epigenetic and environmen-
tal factors are of importance for the development
of malignant melanoma. One factor that is always
mentioned as an important contributor to the
development of malignant melanoma is the

B. Burgard and J. Reichrath

exposure to ultraviolet radiation (UV-light) either
from the sun or from artificial sources, such as
tanning devices (e.g. named sunbed, sunlamp,
tanning bed, solarium). Since the 1980s, solarium
use has become common in Western and Northern
Europe, Canada and the United States [8]. Since
2000, it has become common even in sun-rich
countries such as Australia [8§]. Modern tanning
devices produce mostly UV-A radiation; less than
5% of the radiation that they emit is UV-B radia-
tion; UV-C radiation is not being produced [8, 9].

In 2009 and 2012, the International Agency for
Research on Cancer (IARC) classified UV-emitting
tanning devices as the highest category of carcino-
gen (Group 1) [6, 9.83]. Based on this evaluation,
the World Health Organization recommended to
avoid UV-emitting tanning devices.

This decision was based on several observa-
tional studies, either cohort or case—control stud-
ies, which had been systematically reviewed in
subsequent meta-analyses [17-59].

However, the above-mentioned studies had not
only been criticized for limitations, unbalanced
view and errors, but also because of the study
design, the results can show associations but not
prove causality [6, 64—68]. Randomized interven-
tional clinical trials had not been performed.

In this chapter, we summarize our present sci-
entific knowledge between solarium use and mel-
anoma risk, focussing on a recent meta-analysis
that we published in 2018 [6].

The Association Between Solarium Use
and Melanoma Risk: Major Findings
Focussing on a Recent Meta-analysis

Study Characteristics of a Recent
Meta-analysis (Table 8.1)

Regarding the association between ever-exposure to
UV radiation from a solarium and melanoma risk.
Most studies included in a recent meta-analysis were
conducted in Europe (64.5%), followed by North
America (29.0%) and Australia (6.5%). Samples
were mainly recruited before 2000 (80.0%), and
differed in age and gender distributions. Overall,
the included studies comprised 11,706 malignant
melanoma cases and 93,236 controls.


https://www.sciencedirect.com/topics/medicine-and-dentistry/pyrimidine-dimer
https://en.wikipedia.org/wiki/Melanocyte
https://en.wikipedia.org/wiki/Ultraviolet_light
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Table 8.1 Characteristics of studies (n = 31) included in a recent meta-analysis (Ref [19-49]; modified from Ref [6])

Study (reference Recruitment Gender Age (range Place of

number) Design | period Matching | (f/m %) in years) Ethnicity | recruitment

Adam et al. [19] | CC 1971-1976 |FM 100%/0% | 15-49 Caucasian | GBR

Autier et al. [20] | CC 1991-n/s FM n/s 20-n/s Caucasian | GER, FRA, BEL

Bataille et al. CcC 1989-1993 FM 60.3%/ 16-75 n/s GBR

[21] 39.7%

Bataille et al. CcC 1998-2001 FM 64.5%/ 1849 Caucasian | BEL, NLD, FRA,

[22] 35.5% SWE, GBR

Chen et al. [23] | CC 1987-1989 | FM n/s n/s Caucasian | USA

Clough-Gorr CC 1995-1998 FM 48.1%/ 20-69 n/s USA

et al. [24] 51.9%

Cust et al. [25] CC 2000-2002 FM 60.1%/ 18-39 Caucasian | AUS
39.9%

Dunn-Lane CcC 1985-1986 | FM 71.0%/ 15-82 n/s IRL

et al. [26] 29.0%

Elliott et al. [27] | CC 2000-2005 M 59.6%/ 17-76 n/s GBR
40.4%

Elwood et al. CcC 1981-1984 ™M 70.0%/ 18-82 n/s GBR

[28] 30.0%

Farley et al. [29] | CC 2001-2013 NM 56.5%/ 18-50 n/s USA
43.5%

Fears et al. [30] | CC 1991-1992 FM n/s 20-79 Caucasian | USA

Garbe et al. [31] | CC 1983-1990 NM n/s n/s n/s AUT, GER, CHE

Han et al. [32] NCC 1989-2000 ™M 100%/0% | 43-68 Caucasian | USA

Holly et al. [33] | CC 1981-1986 |FM 100%/0% | 25-59 Caucasian | USA

Holman et al. CC 1980-1981 FM n/s n/s n/s AUS

[34]

Kaskel et al. CC 1997-1999 NM 50.5%/ 19-90 Caucasian | GER

[35] 49.5%

Landi et al. [36] | CC 1994-1999 |FM 51.4%/ 17-77 Caucasian | ITA
48.6%

Lazovich et al. CC 2004-2007 FM 59.7%/ 25-59 Caucasian | USA

[37] 40.3%

MacKie et al. CC 1987 ™M 64.6%/ 11-n/s n/s GBR

[38] 35.4%

Naldi et al. [39] | CC 1992-1995 NM n/s n/s n/s ITA

Nielsen et al. CO 1990-1992 n/a 100%/0% | 25-64 n/s SWE

[40]

(sterlind et al. CC 1982-1985 FM n/s 20-79 n/s DNK

[41]

Swerdlow et al. | CC 1979-1984 FM n/s 15-84 n/s GBR

[42]

Ting et al. [43] | CC n/s n/s 61.2%/ n/s Caucasian | USA
38.8%

Veiergd et al. CO 1991-1992 n/a 100%/0% | 30-50 n/s NOR, SWE

[44]

Walter et al. CC 1984-1986 |FM 53.0%/ 20-69 n/s CAN

[45] 47.0%

Westerdahl CcC 1988-1990 ™M 51.4%/ 15-75 n/s SWE

et al. [46] 48.6%

Westerdahl CC 1995-1997 ™M n/s 16-80 n/s SWE

et al. [47]

(continued)
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Study (reference Recruitment Gender Age (range Place of

number) Design | period Matching | (f/m %) in years) Ethnicity | recruitment

Wolf et al. [48] | CC 1993-1994 |NM 57.6%/ 15-83 n/s AUT
42.4%

Zanetti et al. CcC 1984-1986 | NM 54.5%/ 17-92 n/s ITA

[49] 45.5%

Rounding errors may occur in data table. Gender proportions are approximated for total sample sizes, and may differ

from original data

AUS Australia, AUT Austria, BEL Belgium, CAN Canada, CC case—control study, CHE Switzerland, CO cohort study,
DNK Denmark, f female, FM frequency matching, FRA France, GER Germany, GBR United Kingdom of Great Britain
and Northern Ireland, HRV Croatia, IM individual matching, /RL Ireland, ITA Italy, m male, n/a not applicable, NCC
nested case—control study, NLD The Netherlands, NM no matching, NOR Norway, n/s not stated, SWE Sweden, USA

United States of America

Assessment of Study Quality, Level
of Evidence and Grade
of Recommendation

The overall quality of studies included in this
meta-analysis and the resulting evidence levels
were low due to the lack of interventional trials
and severe limitations (including unobserved or
unrecorded confounding) of many of the observa-
tional studies, which might cause a high risk of
bias [6]. It has to be emphasized that the results of
these cohort and case—control studies published to
date represent associations and do not prove cau-
sality. Remarkably, in all the studies included in
this meta-analysis, risk of bias resulted most
likely in an overestimation of melanoma risk.
Scores on the modified Newcastle-Ottawa Qual-
ity Assessment Scale were on average low, as
67.7% of the 31 included cohort and case—control
studies scored less than four stars [6]. Assessing
all individual studies according to the
recommendations of the Oxford Centre for Evi-
dence-Based Medicine, the association of ever-
exposure, first exposure at younger age and high/
low exposure to UV radiation from a solarium
with melanoma risk was defined as level four of
evidence (poor quality cohort and case-control
studies) and grade C of recommendation [6].
Only a minority of studies included in this meta-
analysis reported risk estimates (odds ratios, ORs)
that were adjusted for the same confounding
factors (Table 8.2). As many as 35.5% (n = 11)
of all the included studies did not account for a
single confounder. The remaining studies

(n = 20) adjusted mainly for age (n = 15), sex
(n = 11) and skin colour (n = 11). Fewer studies
adjusted for hair colour (n = 10), sun exposure
(n = 8), sunburns (n = 8), family history of
melanoma (n = 7), naevi (n = 7), freckles
(n = 5) and education (n = 5). Moreover, indi-
vidual confounders were assessed across the
included studies differently, and were only partly
comparable. Overall, a relatively high heteroge-
neity across the included studies (e.g. ever-
exposure: I’ = 76.89%) was observed, and there-
fore the authors performed a random-effects
meta-analysis.

Association Between Ever-Exposure
to UV Radiation from a Solarium
and Melanoma Risk

The summary risk estimate of this random-effects
meta-analysis showed for all studies (cohort and
case—control studies combined) a statistically sig-
nificant weak association for ever-exposure to
UV radiation from a solarium with melanoma
risk compared with non-exposure (relative risk
[RR] = 1.19; 95% CI = 1.05-1.34; Q [30] =
114.33; p < 0.001; I = 74.55%) (Tables 8.2
and 8.3). Exclusion of the study by Nielsen
et al. [40], which reported an HR instead of an
OR, altered results only slightly (Table 8.3; OR =
1.19;95% CI = 1.04-1.35; Q [29] = 114.33; p <
0-001; 1> = 75.98%). The funnel plot did not
show evidence of publication bias (Egger’s test;
p=0.169).
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Table 8.2 Risk estimates for case—control and cohort studies (n = 31) included in a recent meta-analysis (Ref [19-49];

modified from Ref [6])
Sample size (n) | Ever exposure vs non-exposure
Crude OR Adjusted OR/HR
Study Cases | Controls | Cases | Controls | (95% CI) (95% CI) Adjustment
Adamet al. [19] | 111 342 9/102 | 11/331 2.66 n/s n/a
(1.07-6.59)*
Autier et al. [20] | 420 447 110/ 120/327 0.97 n/s n/a
310 0.72-1.31)°
Bataille et al. 413 416 95/ 106/306 | 0.87 1.19 (0.84-1.68) a,p
[21] 314 (0.64-1.20)*
Bataille et al. 597 622 315/ |354/268 | 0.85 0.90 (0.71-1.14) a,p,q
[22] 282 (0.67-1.06)"
Chen et al. [23] | 624 512 141/ | 95/417 1.28 1.13 (0.82-1.54) a,p,q,s
483 (0.96-1.71)*
Clough-Gorr 423 678 267/ | 460/218 |0.81 1.22 (0.83-1.80) a,ef,g,p,s.t
et al. [24] 156 (0.63-1.05)*
Cust et al. [25] 604 479 137/ | 84/395 1.38 1.41 (1.01-1.96) a,c.e,l,p,q.s,t
467 (1.02-1.87)*
Dunn-Lane et al. | 100 100 17/83 | 15/85 1.16 n/s n/a
[26] (0.54-2.48)*
Elliott et al. [27] | 959 513 441/ | 225/258 1.22 1.06 (0.83-1.36) a,c,e,p,8,t
414 (0.98-1.53)*
Elwood et al. 83 83 15/68 | 12/71 1.31 n/s n/a
[28] (0.57-2.99)*
Farley et al. [29] | 265 195 140/ | 70/125 2.00 n/s n/a
125 (1.37-2.92)*
Fears et al. [30] 718 945 188/ 282/662 0.83 n/s n/a
530 (0.67-1.03)*
Garbe et al. [31] | 856 705 66/ 50/655 1.09 1.5 (0.9-2.4) a,g.klq
790 (0.75-1.60)*
Han et al. [32] 200 804 42/ 87/625 2.16 2.06 (1.30-3.26) a,8,0,8,I,V
140 (1.43-3.25)*
Holly et al. [33] |452 930 n/s n/s 0.94 n/s n/a
(0.74-1.20)°
Holman et al. 511 511 n/s n/s 1.1 (0.6-1.8> |n/s n/a
[34]
Kaskel et al. [35] | 291 329 6/285 | 21/308 0.31 n/s n/a
(0.12-0.78)*
Landi et al. [36] | 183 179 32/ 38/141 0.79 1.3 (0.7-2.4) a,d,m,n,p,q
150 (0.47-1.34)*
Lazovich et al. 1167 | 1101 734/ | 563/538 1.62 1.74 (1.42-2.14) a,c,d.e.f,g,hj,p,
[37] 433 (1.37-1.92)* q.1,8,u
MacKie et al. 280 280 33/ 8/272 4.54 1.22 (0.54-2.73) f.k,0,q,r
[38] 247 (2.06-10.02)*
Naldi et al. [39] | 542 538 30/ 36/502 0.82 0.78 (0.45-1.37) a,c,d,f,g,ik,p.q,
512 (0.50-1.35)* r,X
Nielsen et al. 206 29,314 n/s n/s n/s 1.17 (0.79-1.72) b.ef,g.k,r,u,w,
[40] X
Dsterlind et al. 474 926 66/ 167/759 | 0.74 n/s n/a
[41] 408 (0.54-1.00)*
Swerdlow et al. 180 197 38/ 10/110 2.94 2.94 (1.4-6.4) d,g.k.q,s
[42] 142 (1.40-6.17)*

(continued)
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Table 8.2 (continued)

Sample size (n)

Study Cases | Controls | Cases | Controls

Ting et al. [43] 79 1439 34/45 | 453/986

Veiergd et al. 412 105,954 | 178/ | 40873/

[44] 137 37854

Walter et al. [45] | 583 608 152/ 109/498
431

Westerdahl et al. | 400 640 115/ 155/479

[46] 282

Westerdahl et al. | 571 913 250/ 372/538

[47] 319

Wolf et al. [48] 193 319 11/ 16/300
181

Zanetti et al. [49] | 208 416 15/ 21/395
193

B. Burgard and J. Reichrath

Ever exposure vs non-exposure

Crude OR Adjusted OR/HR

(95% CI) (95% CI) Adjustment
1.64 n/s n/a
(1.04-2.60)*

1.20 1.31 (1.03-1.66) 2,2,0,q,8
(0.96-1.50)*

1.61 1.54 (1.16-2.05) a,p,t
(1.22-2.13)*

1.26 1.3 (0.9-1.8) e,g.k,r,x
(0.95-1.67)*

1.13 1.2 (0.9-1.6) g.k.q,r
(0.92-1.40)*

1.14 1.34 (0.58-3.07) a,p
(0.52-2.51)*

1.46 0.9 (0.4-2.0) a,c,g,It
(0.74-2.90)*

n/a Not applicable, n/s not stated, a age, b blisters, ¢ education, d eye color, e family history of melanoma, f freckles,
g hair color, & income, i marital status, j moles, k naevi, [ place of recruitment, m presence of DN, n propensity to tan,
o region of residence, p sex, ¢ skin colour, r sunburns, s sun exposure, ¢ sun sensitivity, u sunscreen use, v susceptibility,

w ulcers, x vacations
“Calculated from contingency table

Obtained from publication. Rounding error may occur in data table. Number of cases and controls from risk estimations
may differ from total sample sizes due to missing data. Adjusted risk estimates (with max. number of confounders) were

obtained from original articles

Sensitivity Analyses Yielded Results
Inconsistent with Main Finding

In this meta-analysis [6], subgroup analyses did
not show statistically significant associations
when separating for geographic region (studies
performed in Europe, Table 8.3; OR = 1.10;
95% CI 0.95-1.27; Q [18] = 49.39; p < 0-001;
I? = 60.15%), risk of bias (studies with low risk
of bias, Table 8.4; OR = 1.15; 95% CI = 0.94-
1.41; Q [10] = 29-63; p = 0.001; I* = 66.30%)
and trends over time (studies conducted after
1990, Table 84; OR = 1.09; 95% CI =
0.93—1.29; Q [15] = 72.97; p < 0.001; I* =
79.51%). According to the Oxford Centre for
(64) Evidence-Based Medicine, for the outcome
‘ever-exposure to UV radiation from a solarium’,
an evidence level of 3a— (systematic review of
poor quality cohort and case—control studies) and
a grade D of recommendation were determined in
this meta-analysis [6].

Association of First Exposure to UV
Radiation from a Solarium at Young Age
with Melanoma Risk

Thirteen studies included in this meta-analysis [6]
investigated a possible association between age at
first use of a solarium and melanoma risk. How-
ever, only four studies reported a risk estimate for
the same age threshold (<25 years). For consis-
tency, a meta-analysis was solely performed with
these four studies. The summary risk estimate
indicated a statistically significant moderate asso-
ciation between first exposure to UV radiation
from a solarium before age 25 years and mela-
noma risk (Table 8.3; OR = 1.59; 95% CI =
1.38-1.83; Q [3] = 1.06; p = 0.787; I* =
0.00%). According to the Oxford Centre for Evi-
dence-Based Medicine, [64] for the outcome first
‘exposure to UV radiation from a solarium at
young age,” an evidence level of 3a— (systematic
review of poor quality cohort and case—control
studies) and a grade D of recommendation were
determined in this meta-analysis [6].
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Table 8.3 Summary risk estimates from random-effects meta-analyses reported recently (Ref [19-49] modified from

Ref [6])
No. of No. of No. of Crude OR Adjusted OR
studies participants cases (95%CI) I? (95%CI) I?
Ever exposure vs non-exposure
Overall 30 104,942 11,706 1.19 75.98% |1.21 (1.08-1.36) |62.47%
(1.04-1.35)
Study design
Case—control 29 25,900 11,391 1.19 76.84% |1.21 (1.07-1.36) |63.25%
studies (1.04-1.36)
Geographic region
America 9 10,229 4041 1.32 84.24% | 1.35 (1.10-1.67) |76.71%
(1.05-1.66)
Australia 2 1083 604 1.30 0.00% |1.31(0.98-1.74) |0.00%
(1.00-1.69)
Europe 19 93,630 7061 1.10 60.15% | 1.11 (0.98-1.25) | 34.60%
(0.95-1.27)
Recruitment period
<1990 13 8621 3896 1.33 69.35% | 1.21 (1.01-1.45) |49.20%
(1.07-1.66)
>1991 16 94,803 7731 1.09 79.51% | 1.19 (1.02-1.38) | 69.60%
(0.93-1.29)
1991-1999 11 88,435 4243 0.98 66.67% | 1.11 (0.94-1.31) |51.41%
(0.82-1.17)
>2000 5 6368 3488 1.34 79.95% |1.34 (1.03-1.74) |78.83%
(1.05-1.71)
Risk of bias
Low (MNOS 11 85,219 2385 1.15 66.30% | 1.19 (0.98-1.43) |51.76%
Ad) (0.94-1.41)
High (MNOS 19 19,723 9321 1.21 79.66% |1.22 (1.06-1.41) |66.09%
B4) (1.02-1.43)
High exposure vs. non-exposure
Overall 7 7691 3944 1.43 60.87% | 1.39 (1.08-1.80) |67.45%
(1.17-1.74)
Low exposure vs. non-exposure
Overall 7 6995 3451 1.13 58.51% |1.13(0.92-1.39) |56.49%
(0.93-1.38)
First exposure at young age vs. non-exposure
Overall 4 4602 2537 1.59 0.00% |1.52(1.23-1.89) |38.06%
(1.38-1.83)

Rounding errors may occur in data table. Total numbers of participants and cases are based on crude risk estimations and
may differ for adjusted risk estimations. Summary-adjusted risk estimates are based on estimates adjusted for the
maximum number of covariates (crude risk estimates were used for studies without adjustment). The study of Ting
et al. [43] was excluded from subgroup analyses regarding the year of recruitment due to missing information. High and
low exposure to UV radiation from a solarium were defined as >10 and <10 sessions in lifetime, respectively. First
exposure to UV radiation from a solarium at young age refers to exposure before age 25 years

Association of High/Low Exposure to UV
Radiation from a Solarium
with Melanoma Risk

Several studies (n = 15) included in this meta-
analysis [6] determined possible dose-response

relationships between exposure to UV radiation
from a solarium and melanoma risk. Seven out of
these studies used a consistent definition (>10
sessions in lifetime) and were thus appropriate
for meta-analysis. The pooled result of this anal-
ysis indicated a statistically significant moderate
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association for high exposure to UV radiation
from a solarium with melanoma risk (Table 8.4,
OR = 1.43;95% Cl = 1.17-1.74; Q [6] = 19.32;
p = 0.004; = 60.87%). However, most of the
pooled studies (85.7%) had a high risk of bias. A
meta-analysis with the same seven studies was
performed for low exposure to UV radiation
from a solarium (defined as <10 sessions in life-
time) and did not show a statistically significant
association (Table 8.3; OR = 1.13; 95% CI =
0.93-1.38; Q [6] = 17.06; p = 0.009; I* =
58.51%). According to the Oxford Centre for
Evidence-Based Medicine [64], for the outcome
‘high and low exposure to UV radiation from a
solarium and melanoma risk’, an evidence level
of 3a— (systematic review of poor quality cohort
and case—control studies) and a grade D of

recommendation were determined in this
meta-analysis [6].

Discussion

Several meta-analyses and reviews have

investigated the relevance of solarium use as a
potential melanoma risk factor. However, many
of them have been criticized for limitations,
unbalanced view and errors [6, 11, 17, 65,
66]. As Colantonio et al. point out, a comparison
of five previously published systematic reviews
on this topic reveals an alarming tendency for
copying data without referencing the original arti-
cle, and obviously without checking for errors
[11]. For example, the widely recognized report
that the JARC Working Group published in 2007
[10] was criticized for numerous errors in content
and typography (e.g. giving wrong numbers for
controls in studies published in 1989 by MacKie
et al. [38] [180 instead of 280] and in 1981 by
Adam et al. [19] [207 instead of 507]), which are
also found in two subsequent reviews [11]. More-
over, the numbers of participants from several
included studies published in the IARC review
could not be derived by us and others [6, 11] from
the original articles. A recent meta-analysis
investigated the quality of individual studies
using a modified Newecastle-Ottawa quality
assessment scale and a generally accepted
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grading system for recommendations in
evidence-based medicine [6, 60—64]. The overall
evidence level and quality of studies included in
this meta-analysis [19-50] were very low due to
the lack of interventional trials and because of
severe limitations of many of the observational
studies. In this meta-analysis of all cohort and
case—control studies identified by a literature
search, a weak association for ever-exposure to
UV radiation from a solarium with melanoma risk
was found. The meta-analysis of Boniol et al. [8],
which included 27 studies, reported in 2012 an
overall relative risk of 1.20 (95% CI = 1.08-1.34)
for the association of ever-exposure to UV radia-
tion from a solarium with melanoma risk (hetero-
geneity: I = 56%). Boniol et al. [8] also
estimated that 3,438 (5.4%) of 63,942 new cases
of cutaneous malignant melanoma diagnosed
each year in the 15 countries that were members
of the European Community and the three
countries that were part of the European Free
Trade Association were related to solarium use
[8]. In another investigation, Wehner et al.
estimated the population proportional attributable
risk of 2.6-9.4% for melanoma, corresponding to
more than 10,000 melanoma cases [12] each year
attributable to sunbed use in the United States,
Europe and Australia. Colantonio et al. reported
in their meta-analysis of 31 studies (which
included data of 14,956 melanoma cases and
233,106 controls) a summary OR of 1.16 (95%
CI = 1.05-1.28) for the association of ever-use of
a solarium with melanoma risk [11]. While the
overall OR of the studies of Burgard et al. [6]
(OR = 1.19; 95% CI = 1.04-1.35, p = 0.009,
Ref), Boniol et al. [8] and Colantonio et al. [11]
are comparable, the authors disagree in their
conclusions. In the view of Burgard et al. (Ref
[6]), Boniol et al. [8] and Colantonio et al. [11]
did not adequately consider the many limitations
of the individual studies and the resulting low
levels of evidence and grades of recommendation
that do not allow postulation of a causal relation-
ship between sunbed use and melanoma risk.
Moreover, the attempts of Boniol et al. [8] and
others [12] to attribute melanoma cases to solar-
ium use have been criticized as being speculative
and scientifically not sufficiently supported [6].
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The meta-analysis of Burgard et al. [6]
indicated a moderate association of first exposure
at younger age and high exposure to UV radiation
from a sunbed with melanoma risk. However, it
has to be noted that these results should be
interpreted with caution. It was reported that all
cohort and case—control studies included in this
meta-analysis [19-50] are likely to have
overestimated the association of sunbed use with
melanoma risk in the general population because
of many independent reasons, including
(1) selection bias (exclusion of individuals with a
likely relatively high UV-exposure in the past
[e.g. history of any kind of skin cancer or derma-
tological conditions] in controls, but not in cases),
(ii) information bias (e.g. recall bias, the inclusion
of non-sunbed exposure to artificial UV,
e.g. phototherapy), (iii) difficulties in appropri-
ately considering or adjusting for other
confounding factors (e.g. solar UV or lifestyle,
including smoking) and (iv) the restriction of the
analysis to a subgroup of the general population,
which may have an increased risk for melanoma
(e.g. women).

Like others [65], the study of Burgard et al. [6]
could not confirm the emphasis of the IARC
report [10] and of the report by Boniol et al. [§]
on an increased melanoma risk with first use of
indoor tanning in younger age. It should be men-
tioned that both the TARC report [10] and the
report by Boniol et al. [8] have to be criticized
for defining first use in younger age as first use
before the age of 36 years, but included studies
that consider first use prior to ages 25-30 years
[rev. in 6]. Moreover, some studies restricted their
investigation to melanoma cases diagnosed
before the age of 36 years [rev. in 6]. However,
this could have resulted in the exclusion of older
cases and controls that may have been exposed at
a younger age, as outlined previously [6].

The obvious difficulties in most studies in
considering or adjusting for important
confounders have to be emphasized. Interest-
ingly, subgroup analyses for studies performed
in Europe, studies with low risk of bias and stud-
ies with recruitment in 1991-1999 showed in a
recent analysis [6] no association of melanoma
risk with solarium use.
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Concerning the finding by Burgard et al. [6] of
no significant statistical association between ever-
exposure to UV radiation from a sunbed and
melanoma risk in studies performed in Europe
(in contrast to studies performed in the United
States), it is of particular relevance that (1) the
role of solar UV exposure represents a major
confounding factor which is difficult to control
or to adjust for and which may well, at least in
part, explain latitude-dependent variations in mel-
anoma risk, and (2) other region-specific factors,
which include technical differences in solarium
devices, must also be taken into account. Since
2008, sunbed devices in Europe and Oceania
(Australia and New Zealand) are restricted in
intensity to an ultraviolet index of 12 and
36 (which was 60 before 2002), respectively. In
contrast, the intensity of a sunbed in the United
States is unlimited (however, often a ‘maximum
recommended exposure time’ is given).

Because many factors that may influence the
association of sunbed use and melanoma risk,
including legal regulations, solarium technology
and epidemiology of solarium use, which are
subject to frequent change, it is of particular inter-
est to evaluate trends over time. Another interest-
ing observation of sensitivity and subgroup
analyses performed by Burgard et al. [6] was the
finding that recruitment period had a strong
impact on the association of melanoma risk with
solarium use. For recruitment before 1991, a
higher OR was found as compared with recruit-
ment from 1991 to 1999 or since 2000. It can be
speculated that this observation is due to changes
in operation and technical modifications of
UV-emitting devices (approximately two decades
ago, the sunbed industry started to produce
devices with higher pressure bulbs emitting larger
doses of long-wave UV A). It has to be noted that
the results of the meta-analysis by Burgard et al.
[6] and previous published studies most likely
overestimate the association of melanoma risk
with current sunbed use as many countries have
recently imposed strict regulations on solarium
use that, besides other effects, should reduce
first use at younger age and high use of a sunbed.
However, the questions whether stricter
regulations of recent years and technical progress
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have further improved the safety of solarium use
are difficult to answer because in many studies,
sunbed use is not clearly restricted to distinct time
periods of interest.

It has to be emphasized that interventional
trials on this topic are lacking and that the results
of the cohort and case—control studies published
to date represent associations that do not prove
causality. Moreover, both the resulting level of
evidence and grade of recommendation of studies
investigating the association of melanoma risk
with sunbed wuse are weak. Applying
recommendations of the Oxford Centre for
Evidence-Based Medicine [64], for all outcomes
analysed in a recent meta-analysis, a resulting
level 3a— of evidence (poor quality cohort and
case-control studies) and grade D of recommen-
dation were determined. The poor quality of the
cohort and case-control studies included in this
meta-analysis is due to severe limitations, which
include difficulties in appropriately considering
and controlling for known confounders
(e.g. exposure to solar UV or artificial UV for
medical purposes; lifestyle, including smoking).

It must be recognized that in the majority of
studies, published to date, many of the
confounding factors, including sun exposure,
sunburns and skin type, have not been adequately
and systematically recorded and adjusted for [rev.
in 6, 65]. As pointed out in a previous meta-
analysis [6], only a minority of the studies
published so far reported odds ratios (ORs)
adjusted for the same confounding factors. As
many as 35.5% (n =11) of all (n = 31) studies
included in this meta-analysis [3] did not account
for a single confounder. The remaining studies
(n = 20) adjusted mainly for age (n = 15), sex
(n = 11) and skin colour (n = 11). Fewer studies
adjusted for hair colour (n = 10), sun exposure
(n = 8), sunburns (n = 8), family history of
melanoma (n = 7), naevi (n = 7), freckles
(n = 5) and education (n = 5). Moreover, indi-
vidual confounders were assessed differently
across the studies included in this meta-analysis
[6] and were only partly comparable.

In this context, it must be emphasized that risk
estimates (e.g. odds ratios, OR) as given in the
meta-analyses published until today, including,
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Burgard et al. [6], Boniol et al. [8] and Colantonio
et al. [11], could well be affected by the issues of
lack of standardization in terms of confounding
factors for sunbed studies [6] and could well be
obtained through the scenario indicated before
[6]: moderate sunbed use has no effect on mela-
noma risk, but an ‘unhealthy lifestyle’
(e.g. extensive sunbathing, alcohol, smoking)
resulted in an inflated OR=1.2 in association
with sunbed use (it has been reported previously
that ‘sun worshippers’ and individuals with an
‘unhealthy lifestyle’ go more frequently to
tanning salons).

It has to be noted that the gap between solar-
ium studies and earlier studies on the risk of sun
exposures remains remarkable: confounding
caused by exposure to the sun — the major UV
source — is often neglected or corrected
inadequately and most often not accompanied
by a proper analysis of covariance (collinearity
or other) to eliminate a possible dominance of sun
over sunbed exposure due to an a priori highly
plausible strong correlation between sunbed use
and sunbathing — OR = 2-7 for sunbathing
among sunbed users versus non-users [6]. As
pointed out in a recent French study [rev. in 6],
solaria were estimated to have only a minor con-
tribution to melanoma incidence (1.5% in men
and 4.6% in women) compared to the sun
(83%), i.e. not likely to be a major driver of the
increases in melanoma incidence, and, moreover,
authors noted that it remains difficult to disentan-
gle risk from sunbeds from that of the sun (anec-
dotal attribution of melanoma to solarium use is
often offset by excessive sunbathing, as
exemplified by Australian publicity campaigns
for the regulation of sunbeds [rev. in 6]). But
most importantly, earlier studies clearly identified
number of sunburns as a good proxy of ‘at risk’
sun exposure in relation to melanoma risk [6].
Virtually, all studies on solarium and melanoma
fail to use this proper proxy of effective UV
dosimetry, with notable exception of two studies,
which confirmed a strong relationship between
UV burns and risk of melanoma [rev. in 6]. This
would imply that UV burns specifically increase
the risk, where genuine sunburns are far more
common than UV burns from sunbeds. The
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confounding effects of sun exposure and
sunburns may also be one of the reasons why
melanoma risk in relation to solarium use varies
so strongly between studies, as meta-analyses of
European studies show no net significant mela-
noma risk associated with sunbed use in contrast
to American or Australian studies [rev. in 6].
We reiterate that unequivocal proof of an
appreciable causal relationship between moderate
solarium use and melanoma risk could be
provided by randomized controlled trials, but
these are lacking [rev. in 6, 65, 66] for various
reasons: (a) it is unfeasible (takes too long, too
costly and too demanding on compliance); and
(b) it would now be considered unethical by
many. It must be emphasized that it is a funda-
mental principle of evidence-based medicine that
the level of evidence is not influenced by the
reasons why the evidence is lacking [6, 64]. The
overall quality of these observational studies and
the resulting evidence levels are low due to severe
limitations (including unobserved or unrecorded
confounding), which leads to bias [rev. in 6]. The
results of cohort and case—control studies
published until today do not prove causality
[rev. in 6]; not even the criteria defined by Hill
in 1965 [67] (or as modified by Weed [68]) are
fulfilled for the inference that moderate sunbed
use per se increases melanoma risk. At least the
criteria  ‘Consistency’ (‘Consistent findings
observed by different persons in different places
with different samples strengthens the likelihood
of an effect’.), “Specificity” (‘Causation is likely
if there is a very specific population at a specific
site and disease with no other likely explana-
tion’.), “Plausibility” (‘A plausible mechanism
between cause and effect is helpful in determining
causality’.), “Coherence” (‘Coherence between
epidemiological and laboratory findings increases
the likelihood of a causal effect’.) and “Experi-
ment” (‘Experimental evidence is helpful in
determining causality’.) are not fulfilled for the
relationship between moderate sunbed use and
melanoma risk, and therefore Hill’s criteria do
not support causality. The criteria “Consistency”
and “Specificity” are not fulfilled for many
reasons, including the obvious difficulties of
confounding factors. Interestingly, in a recent
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meta-analysis [6], subgroup analyses for studies
performed in Europe, studies with low risk of bias
and studies with recruitment between 1991 and
1999 did not show an association between mela-
noma risk and solarium use (‘ever’ vs ‘never’).
The lack of association in this subgroup analysis
is very unlikely to be caused by a lack of power,
e.g. because the number of participants in studies
performed in Europe is much greater compared to
studies from America. The lack of association in
studies performed in Europe (in contrast to stud-
ies performed in the United States) may be due to
several factors which are of particular relevance.
Firstly, as outlined above, the role of solar UV
exposure represents a major confounding factor
which is difficult to document or to adjust for and
which may well, in part, explain why latitude-
dependent variations in melanoma risk in associ-
ation with sunbed arise (e.g. due to shifts in
effects from sunburns). On the other hand, other
region-specific factors, which include technical
differences in solarium devices, must also be
taken into account as well as skin type, which is
also an important confounding factor.

It has to be noted that there is a large body of
evidence from epidemiological and animal stud-
ies that demonstrates no increase in melanoma
risk following chronic (moderate) UV exposure
[6, 88-94]. Many studies show that sub-
erythemal chronic exposure to the sun may even
be protective and that outdoor workers have a
reduced risk of melanoma [6, 92]. It should also
be noted that driver mutations in the B-rapidly
accelerated fibrosarcoma (B-RAF) gene nor in
other important drivers of melanomagenesis
carry the specific UV signature (mutations in
B-RAF are similar to those found in GNAII and
GNAQ driver genes in uveal melanomas from
UV-protected parts of the inner eye [65, 95]).
Initiating melanoma by UV exposure in mice
without predisposition by an activated oncogene
proved to be very difficult (few exceptions,
e.g. by neonatal exposure of Ink4a-Arf-/-XPC-/-
mice [65, 96] and incidentally successful, 3/20,
with repeated sunburn exposures [65, 97]).

Many open questions remain to be answered,
including the following: (1) What is the relevance
of confounding factors, including solar UV, UV
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burns, skin type and age, for the association of
solarium use and melanoma risk? (2) Does
chronic exposure to moderate (sub-erythemal)
UV doses have a preventive effect on melanoma
risk? (3) If moderate solarium use does, in con-
trast to UV-burns, not increase melanoma risk,
what means ‘moderate’? (What is the dose-
response curve? What is the impact of the flux
of UV radiation, single and total UV dose as well
as duration and frequency of solarium use?)
(4) What is the relevance of the wavelength
(UV-A vs UV-B) for the association of solarium
use with melanoma risk? (5) How to analyze the
combined effect of all (beneficial, e.g. cutaneous
vitamin D synthesis, and adverse) health effects
of moderate solarium use? Considering the fact
that most melanomas do not occur in predomi-
nantly sun-exposed skin areas and that UV burns
in childhood are an important risk factor for mel-
anoma, we need to have a better understanding
separate from the risk factors mentioned above of
the (at least, in part, likely immunological)
mechanisms responsible for inducing
melanocytes to become malignant.

We conclude that both the level of evidence
and grade of recommendation of studies
published previously investigating the association
of melanoma risk with solarium use are weak and
that our present scientific knowledge does not
support the hypothesis of an increased melanoma
risk due to solarium use and questions studies that
try to attribute melanoma cases to indoor tanning.
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