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Introduction: Research in mice showed that vitamin D receptor deficiency was correlated with an increased rate of non-melanoma
skin cancer. Therapeutic supplemental vitamin D has also been reported to reduce cell growth in both melanoma and non-melanoma
skin cancer. This paper aims to describe the existing research studies that discuss the potential and role of vitamin D in the
management of skin cancer.

Methods: Articles were searched from three databases (PubMed, ScienceDirect, Scopus) and manual search. 18 articles were
included. These were further divided into in vivo and in vitro studies. The literature search was based on the following Patients,
Intervention, Control, and Outcome (PICO) criteria: Patients with any types of skin cancer; Vitamin D and their derivates as the
intervention; placebo or standard regimen as control, and survival rate or response rate as primary outcome.

Results: From the three databases, we obtained 802 studies. Prior to screening of the literature obtained, several studies were
excluded. In the eligibility assessment, seven studies were excluded due to their outcomes being not eligible for analysis, and two
studies were excluded due to inaccessible full texts. The remaining 18 studies were included. Five studies had a clinical research
design (randomized controlled trial or interventional study), which use vitamin D3 as vitamin D derivatives and the results showed that
the administration of vitamin D3 reduces the proliferation of skin cancer cells. Similar results were also reported in studies with pre-
clinical research designs, either in vivo or in vitro, where six were in vivo studies and nine studies were in vitro studies.
Conclusion: Our literature review revealed that that vitamin D derivatives, such as 1,25(OH)2D3 or 20(OH)D3 can effectively reduce
the proliferation of skin cancer cells by contributing in the inhibition of cell growth and development, highlighting vitamin D’s role as
good prognostic factor.

Keywords: skin cancer, basal cell carcinoma, squamous cell carcinoma, melanoma, calciferol, vitamin D3

Introduction

Laboratory and animal studies have shown the potential of vitamin D in preventing the progression of carcinogenesis and
slow the growth of tumor cells, where the known mechanisms include promoting cell differentiation, preventing cancer
cell proliferation, and effects on cancer cells such as anti-inflammatory, immunomodulatory, antiangiogenic and
proapoptotic effects through autophagy.' Skin cancer is the most prevalent malignancy in the United States, with more
than 1 million incidence annually.” For more than 40 years, there has been a rapid increase in the incidence of skin
cancer, both non-melanoma and melanoma skin cancer, especially in female population.® The rising case might be
explained by the increasing sunray and ultraviolet exposure with poor sun-protective behavior, compounded with ozone
depletion and particular tan-seeking behaviour in western societies.*> Similar trend has also been observed in various
regions, such as Australia as the highest country with skin cancer incidence rate. The increasing incidence happens in
both squamous cell or non-squamous cell carcinoma.*
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Numerous studies have discussed the morbidity and mortality of skin cancer in advanced stages, and the identification
of chemopreventive agents, especially for skin cancer, needs to be reviewed further; As of now, only nicotinamide is
demonstrated to have chemopreventive property for skin cancer.® Recently, interest in the chemopreventive effects of the
vitamin D has revealed its potential D in reducing the risk of several cancers such as colon, prostate and breast cancers.
A randomized controlled trial (RCT) showed a significant reduction on the overall incidence of all cancer types with
calcium and vitamin D supplementation.” Vitamin D is a fat-soluble vitamin, which could be obtained from daily diet and
can be produced by the skin, mediated by ultraviolet B ray from sun exposure.”* Also, a precursor of steroid hormones,
vitamin D undergoes two stages of metabolism in the liver and kidneys which eventually produces calcitriol.® Calcitriol
will bind to vitamin D receptors and activate the physiological functions of vitamin D.* The general physiological
function of vitamin D is to maintain or control the metabolism of both calcium and phosphate, which can be utilized for
bone remodeling. However, current studies have found that low sunlight exposure and vitamin D deficiency are
correlated with the increase of various risk factors for diseases outside the musculoskeletal system, one of which is
cancer.® A review of various studies suggested that vitamin D could regulate all processes from tumor cell formation,
initiation of metastasis, as well as interactions between cells and their environment. One of these mechanisms is the
control of cell behavior, such as proliferation, differentiation, apoptosis, autophagy, epithelial mesenchymal transition
(EMT) as well as the modulation of cell-microenvironment interactions, such as angiogenesis, antioxidants, inflamma-
tion and the regulation of immune system of cancer cells.®

Research in mice had shown that vitamin D receptor deficiency was correlated with an increased rate of non-
melanoma skin cancer.” Vitamin D supplementation also reduced the growth of both non-melanoma and melanoma skin
cancer cells.” A human study reported the association between a high vitamin D level with a reduced risk of non-
melanoma skin cancer, thinner melanoma, and increased survival of skin cancer patients.” Although it is known from the
WHO data that vitamin D has anti-cancer properties, the evidence for its effect on skin cancer is still limited, especially
in humans.” Exposure to ultraviolet from sunlight is a major environmental risk factor for melanoma and non-melanoma
skin cancer.” Several studies have observed that the formation of vitamin D may protect against the risk of developing
non-melanoma skin cancer, however the optimal dose and use of vitamin D in the prevention of skin cancer has not been
widely confirmed.'® There is also an evidence from experimental studies showing that vitamin D can protect the skin
from ultraviolet radiation that induces DNA damage, thereby preventing the proliferation of skin cancer cells. Vitamin
D is also reported to prevent the formation or growth of melanoma cell lines."'"'* This paper aims to describe existing
research studies that discuss the potential of vitamin D in the management of patients with skin cancer.

Method

Literature Search and Screening Process
The systematic review adhered to the Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA)
guidelines. The review process started with a literature search through three scientific databases, including PubMed,
Scopus, and ScienceDirect. The literatures were searched based on Patients, Intervention, Control, and Outcome (PICO)
criteria, as follows: Patients with any types of skin cancer; calciferol as intervention; placebo or standard regimen as
control, and survival rate or response rate as primary outcome.

The PICO criteria of the study (Table 1) were then translated into several queries and keywords as follows: (Skin
cancer, basal cell carcinoma, squamous cell carcinoma, melanoma) and (“Calciferol” or “Vitamin D3”). MeSH-Terms
were utilized if available in the mentioned databases. Literatures were then selected against the predetermined inclusion

Table | PICO Criteria of the Study

Patients Patients with skin cancer such as melanoma, squamous cell carcinoma, basal cell carcinoma
Intervention Vitamin D derivates (cholecalciferol etc.)
Control Placebo; Standard regimen of the mentioned skin cancer therapy
Outcome Survival rate; response rate
3552 https: Cancer Management and Research 2022:14
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and exclusion criteria. Studies were included with the following criteria: Studies on the effects of calciferol on skin
cancer, published within the last 10 years (2012-2022), written or available in English, and being original studies such as
RCT or case series. Studies were excluded if they were review articles, letters, or correspondences and if there was no
complete data to retrieve.

Data Extraction

Data extraction was conducted to summarize the included studies’ characteristics, including the year of publication, trial
location, trial design, intervention used on the study, and the cancer population used on the study. The outcomes of
included studies were also summarized as shown in Tables 2—4.

Results

Literature Search and Papers Selection

The present literature search was planned, conducted and reported according to the PRISMA guidelines. On July 1, 2022,
we searched for relevant literatures in three databases, namely PubMed, ScienceDirect and Scopus with the following
keywords: (Skin cancer, basal cell carcinoma, squamous cell carcinoma, melanoma) AND (“Calciferol” OR “Vitamin
D3”) to ensure that the literatures obtained were in accordance with the predetermined PICO criteria. We obtained 802
studies, including 331 studies from PubMed, 55 studies from ScienceDirect and 416 studies from Scopus. Prior to the
literature screening, there were several studies that were excluded, including 78 studies due to duplication and 46 studies
due to the fact that those studies were inaccessible. The remaining 678 studies were screened. A total of 197 studies were
then excluded because the titles and abstracts did not match the specified PICO. A total of 448 studies were further
excluded because they had been published more than 10 years prior, leaving 33 studies to be assessed for eligibility. From
the eligibility assessment, seven studies were excluded because the outcomes were not eligible for analysis, and two
studies were excluded due to the full-texts being inaccessible. After the eligibility assessment, the remaining 18 studies
were included in the review (Figure 1).

Main Characteristics of the in vitro Studies

Nine studies published the results in the form of in vitro preclinical studies. One study was from Indonesia, six studies
were from Europe, mostly from Poland, and two studies were from the Americas. Five studies investigated melanoma
cell lines, two studied malignant-type melanoma cells, and another two investigated hamster cell lines. Only a study by
Spath et al described an observation period of around 6 weeks. Seven studies used calcitriol (1,25(OH)2D3) as a vitamin
D derivative, one study used 1,25-dihydroxyvitamin D2 (1,25(OH) analogue), and one study used 20(OH)D3. Most
studies employing calcitriol as a vitamin D derivative used around 100 nM concentrations. In the studies employing 20
(OH)D3, the dose was around 30 g/day. In the studies employing 1,25-dihydroxyvitamin D2 (1,25(0OH)2D2), the dose
was around 100-1000 nM. However, a study conducted by Piotrowska et al did not provide dose information. Nearly all
studies seeded the vitamin D into each well. The study by Sutedja et al in Indonesia, reported significant results by
presenting 1,25(0OH)2D3 on the growth inhibition of melanoma cell lines at a dose of about 0.244 nM. These results are
almost similar to those of Piotrowska et al in Poland, in which the growth inhibition of melanoma cell lines was at the
dose range of 0.274 nM to 5.3 nM. Another study conducted by Piotrowska in a different year (2016) showed similar
results with inhibition of melanoma cell lines using 1,25(OH)2D2 at a dose of around 0.036 nM. Piotrowska et al also
reported significant results on the growth inhibition of melanoma cell lines in their newest study in 2020. These results
were relatively different from a study conducted by Pogdorska et al in 2018 in which the calcitriol was found to be able
to inhibit the profiling of human melanoma cells at a dose of 10 nM. A study conducted by Wasiewicz et al in 2015
reported a decrease in the growth rate and colony formation in all forms of vitamin D analogues. A study conducted by
Spath et al in 2017 also showed that vitamin D3 decreased the proliferation and viability of tumor cells with permanent
effects. Meanwhile, a study by Skobowiat et al reported that the administration of 20(OH)D3 had a higher efficacy in the
absolute inhibition percentage compared to the inhibition by 1,25(OH)2D3 (56.0% vs 17.0%). Furthermore, a study
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Table 2 Main Characteristics of the in vitro Studies

Author, Study Location | Samples Characteristics Calciferol Other Outcomes
Year Design
Included Sample Sample Obser- Vitamin D Derivate Dose/Fre-Quency Administration
Size Vational Method
Period
Sutedja, Invitro | Indonesia | BI6-FI0 cell lines N/A N/A Calcitriol (1,25(0OH) Diluted in 2% ethanol with a ratio of Calcitriol was The IC50 dose on calcitriol was 93.88
2022"3 study (melanoma cell lines) 2D3) 5 mg/100 pL seeded on each ppm (0.244 M) which showed significant
well, with dose-dependent growth inhibition in
concentrations of | melanoma cell lines
125; 62.5; 31.25;
15.63; and 7.81
ppm
Piotrowska, In vitro | Poland A375 and RPMI-7951 N/A N/A 1,25(OH)2D3, PRI- 100 nM concentration for each well Seeded into each Decrease in the proliferation rate of
2020'* study cell lines (malignant 1203, and PRI-1204 well A375 cell lines in the 1,25(0OH)2D3-
melanoma cells) (Vitamin D analogue) treated cells (p-value=0.0392), with
similar trend in the PRI-1203 and PRI-
1204 despite not being statistically
significant. The cell cycle was interrupted
in the G2/M phase of cell cycle. Wound
closure and cell migration was halted up
to 40% in the 1,25(OH)2D3-treated cells
Piotrowska, In vitro | Poland A375 cell lines N/A N/A l0,25(0OH)2D3; 20S- No information Seeded into each A decrease of <20% in cell proliferation
2019'° study (melanoma cell lines) hydroxyvitamin D3; 21- well was significant at vitamin D analogues
hydroxypregnacalcife- concentration of 107® M. The IC50 values
rol; calcipotriol ranged from 5.3 nM for 20(OH)D3 to
0.274 nM for 1,25(0OH)2D3 and 0.038
nM for calcipotriol
Podgorska, In vitro Poland Three cell lines: human N/A N/A 1,25(OH)2D3 or 25 0, 10, and 100 nM concentration Seeded into each Calcitriol inhibited human melanoma
2018'¢ study SKMEL-188, hamster (OH)D3, irradiated well proliferation at 10 nM, while only
BHM Ma, and BHM Ab with 0-5 Gy Proton calcidiol inhibited proliferation of
beam irradiation hamster lines at 10 and 100 nM
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Skobowiat. In vitro | USA Human melanoma cell N/A N/A 20(OH)D3 Dose-dependent insertion; matched Seeded into each 20(OH)D3 showed potential efficacy in
2017"7 study lines (SKMel-188) and volume of either 30 pg/day of 20(OH) | well; absolute percentage of inhibition when
age-matched immuno- D3 diluted in vehicle (25% propylene intraperitoneal comparing the inhibition at 1077 M to
compromised mice glycol in distilled water), per animal. injection that of 1,25(OH)2D3 (56.0% vs 17.0%,
injected with luciferase- Ten doses in total, 5 days per week, respectively for colonies >0.1 mm and
labelled SKMel-188 cells were applied for 2 weeks. 53.1% vs 46.6%, respectively, for colonies
>0.2 mm); in the in-vivo study, the tumor
volume was 262.35 mm? in the 20(OH)
D3-treated group vs 674.11 mm? in the
vehicle-treated group, with a decrease of
61% in the tumor volume in the treated
and control group, respectively.
Spath, Invitro | ltaly Melanoma cell lines; and | N/A 6 Weeks lo-OH-vitD3 In the in-vitro study, the concentration | Seeded into each Significant inhibition in the cell
2017'® study mice injected with ranged from 0.08 ug to 0.8 ug/mL; in well; gavage proliferation and viability after vitamin
melanoma cells the in-vivo study, the dose were: 4 |U; | feeding for in-vivo | D3 exposure to each cell line, with
121U study permanent effect after 9-days of
exposure. In the in-vivo study, there was
a reduction of tumor mass compared to
the placebo
Piotrowska, In vitro | Poland Malignant melanoma cell | N/A N/A Double point modified 100-1000 nM concentration Seeded into each The analogues effect varied with the
2016" study lines (A375 and SKMel- (DPM) analogues of well maximum inhibition of proliferation at
188b) 1,25-dihydroxyvitamin 10-15% for 1,25(0OH)2D3 and 1,25(0H)
D2 (1,25(CH)2D2) 2D2 and at 20-30% for the new
analogues. The IC50 value of the DPM
analogue was 0.036 nM
Wasiewicz, In vitro | Poland Murine B16-F10 and N/A N/A Classic (1,25(OH)2D3 0.01-1000 nM concentrations Seeded into each Decrease of the growth rate and colonies
2015%° study hamster Bomirski Ab and 25(OH)D3), and well formation in all forms of vitamin
cell lines novel relatively non- D analogues. The EC50 is ranging from
calcemic ones (20(OH) 12 nM to 125 nM, with the lowest EC50
D3, calcipotriol, 21 value in 20(OH)D2 and the highest value
(OH)pD, pD and 20 in 21(OH)pD analogue.
(OH)pL)
Slominski. Invitro | USA Human SKMEL-188 N/A N/A 1,25(0OH)2D3; 20(OH) 100 nM Seeded into each All compounds caused comparable
20122 study melanoma cells; Human D3; 20.23(OH)2D3; well inhibition in human melanoma cell line;

WM35, WMI 341,
WMI 64, WM98D and
SBCE2 melanoma cells;
hamster AbCI

melanoma line

1.20(OH)2D3

however, 20(OH)D3, 20,23(OH)2D3 and
1,20(OH)2D3 caused greater inhibition
than 1,25(OH)2D3 in the YUROB cell

line
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Table 3 Main Characteristics of the in vivo Studies

melanoma cells

ug to 0.8 pg/mL; in the in-vivo
study, the dose were as follows:
41U; 121U

feeding for in-vivo

study

Author, Year | Study Location | Samples Characteristics Calciferol Other Outcomes
Design Included Sample Sample | Obser- Vitamin Dose/Fre-Quency Administration
Size Vational | D Derivate Method
Period
Makarova, In vivo | USA Murine or mice, with N/A N/A Topical 0.38 pg and 3.8 g Topical Low dose of vitamin D3 (0.38
20172 study basal cell carcinoma vitamin D3 administration pg) reduced BCC numbers
from 6 £ 1.9 to 4 + 1.4 BCCs/
mm skin; High dose of vitamin
D3 (3.8 pg) reduced pBCC
numbers from 3 £ |.| to 0.9
0.5 BCCs/mm skin
(p-value=0.0002).
Skobowiat, Invivo | USA Human melanoma cell N/A N/A 20(OH)D3 Dose-dependent insertion; Seeded into each | 20(OH)D3 showed higher
2017" study lines (SKMel-188) and matched volume of either 30 ng/ | well; efficacy in absolute percentage
age-matched day of 20(OH)D3 diluted in intraperitoneal of inhibition when comparing
immunocompromised vehicle (25% propylene glycol in | injection the inhibition at 10-7 M to that
mice injected with distilled water), per animal. Ten of 1,25(OH)2D3 (56.0% vs
luciferase-labelled doses in total, 5 days per week, 17.0%, respectively for colonies
SKMel-188 cells were applied for 2 weeks. >0.1 mm and 53.1% vs 46.6%,
respectively, for colonies
>0.2 mm); in the in-vivo study,
the accrued tumor volume was
262.35 mm® in the 20(OH)D3-
treated group versus
674.11 mm? in the vehicle-
treated group, representing
a 61% decrease in tumor
volume.
Spath, 2017'® In vivo Italy Melanoma cell lines; N/A 6 Weeks | la-OH-vitD3 | In the in-vitro study, the Seeded into each | Significant inhibition in cell
study and mice injected with concentration ranged from 0.08 | well; gavage proliferation and viability after

vitamin D3 exposure to each
cell line, with permanent effect
after 9-days of exposure. In the
in-vivo study, there was

a reduction of tumor mass

compared to the placebo
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Kim, 20163 In vivo Korea Female hairless mice 35 26 weeks | Calcitriol Calcitriol 3 pglg Topical Tumors less than 3 mm in size
study (aged 67 weeks) administration tended to be fewer by 2 to 5 in
(ointment) calcitriol group on average,
statistically significant at the
21st week. The number of
tumors more than 3 mm in size
were significantly fewer in the
calcitriol group compared to
control group at the 25th week.
Pommergaard, | In vivo Denmark | Female SKH-1 hairless | 96 17 weeks | Calcitriol, Calcitriol 0.166 ug/week (50 ug/g | Topical
2014* study mice induced with with undiluted) administration
UVB-light to produce combination
skin lesions resembling of diclofenac,
squamous cell DFMO, and
carcinoma with a dose 5-FU
of 30 mJ/m?
Pommergaard, | In vivo Denmark | Female SKH-1 hairless | 160 17 weeks | Diclofenac Calcitriol 0.166 pg/week (50 ng/g | Topical
2013% study mice induced with plus undiluted), administration
UVB-light to produce calcipotriol;
skin lesions resembling DFMO plus
squamous cell calcitriol; and
carcinoma with a dose diclofenac
of 30 mJ/m? plus DFMO
plus
calcipotriol
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Table 4 Main Characteristics of the Clinical Studies

Author, Study Loca- Samples Characteristics Calciferol Other Outcomes
Year Design | tion . . .
Included Sample Sample | Obser- Vitamin Dose/Fre- Administra-
Size Vational | D Derivate Quency tion Method
Period
Johansson, RCT Italy Adults aged 75 years or younger 104 3 years Vitamin D3 Oral solution in Oral Serum levels of 25-OH-D rose sharply
2021% with recently resected stage 2 an ampoule of after 4 months of supplementation in
cutaneous malignant melanoma 100,000 1U the vitamin D arm (median of 33 ng/mL)
vitamin D3 every compared to the placebo arm (median
50 days (average of 19 ng/mL), with persistent increase
of 2000 1U/day) after 3 years of supplementation (42 ng/
mL vs 22 ng/mL)
Passarelli, RCT USA Adults who underwent polypecto- 2259 Il years | Cholecalciferol 1000 1U/day Oral (Pill) In basal cell carcinoma patients, lower
20207 my for >| colorectal adenoma (median (vitamin D3) incidence rate was observed in the
within 120 days (secondary analysis) of 8.3 vitamin D group compared to placebo
years) (HR 0.96 [0.73—1.26]); and vitamin D
+calcium compared to placebo (HR 0.99
[0.65—1.51]). Meanwhile in squamous
cell carcinoma patients, vitamin D alone
(HR 0.79 [0.49-1.27]) and vitamin D
+calcium (HR 0.42 [0.19-0.91]) were
a protective factor for non-melanoma
skin cancer
Ince, 2019%% | Pros- Turkey | Patients who were admitted due to | 496 Average Cholecalciferol | 50,000 IU per Oral (Pill) The mean 25-OH vitamin D3 level in the
pective skin lesion and diagnosed with basal of 32 (vitamin D3) week for 6 weeks recurrent BCC patients at the second
inter- cell carcinoma; and then vitamin D3 months stage was 10.] ng/mL (range 4.1-23.8
ventio- intervention were used in BCC (24-36 ng/mL; male, 10.2 ng/mL vs female, 10.1
nal patients with 25-OH vitamin D3 months) ng/mL). Recurrence was observed in
study level 9.64% of the patients at the second stage

(male, 10% vs female, 9.26%)
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Rosenberg,
2019%

RCT

USA

Actinic keratosis patients who had
completed previous trial

130

3 Year

Calcipotriol +
5-FU

0.005% topical

ointment

Topical

ointment

In the first year, the hazard ratio for
keratinocyte cancer, basal cell
carcinoma, and squamous cell carcinoma
were 0.973 (0.261-3.625), 1.909 (0.319-
11.427), 0.297 (0.033-2.654),
respectively; In the second year the
results were 0.741 (0.269-2.040), 1.673
(0.449-6.230), 0.335 (0.070-1.615),
respectively; Meanwhile in the third year,
the results were 0.575 (0.219-1.514),
1.709 (0.459-6.363), 0.215 (0.048—
0.972), respectively. 5-FU+calcipotriol
was effective in reducing the incidence
of keratinocyte cancer and squamous
cell carcinoma compared to that of
BCC.

Brinkhuizen,
2016°°

RCT

The
Nether-
lands

Patients with a primary, histological-
ly proven superficial BCC and
nodular BCC

128

8 weeks

Combination of
calcitriol with
diclofenac

Calcitriol 3 ug/g;
diclofenac 3%

Topical

administration

sBCC treated with diclofenac showed
a significant decrease in Ki-67
(p-value=0.001) and Bcl-2
(p-value=0.001), and a significant
decrease in Ki-67 after combination
therapy (p-value=0.012). Complete
histological tumor regression was seen
in 64.3% of sBCC patients receiving
diclofenac (p-value=0.0003) and 43.8%
of sSBCC patients receiving combination
therapy (p-value=0.007). On the other
hand, no reduction was observed in the
control group. Single calcitriol therapy
did not induce tumor regression
sufficiently
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p
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conducted by Slominski et al in 2012 reported that all compounds caused comparable inhibition in the human melanoma
cell lines (Table 2).

Main Characteristics of the in vivo Studies

We obtained six in vivo studies, most of which were conducted in areas outside of Asia, two from the USA, 3 from
Europe and only one study from Asia, specifically South Korea. Only two studies were conducted research human cells,
namely the studies conducted by Skobowiat et al and Spath et al in 2017, although the study recruited mice subjects too.
The other five studies were on mice. Two studies did not report their sample size. The study by Kim et al had 35 samples,
which was different from the other two studies, namely the study by Pommergard et al in 2013 and 2014, in which each
had a fairly larger sample size of approximately 160 and 96 samples. Two studies also did not report the time of
observation. The study conducted by Spath et al observed the subjects for 6 weeks, similar to the study conducted by
Pommergard et al with 17 weeks observation and the study by Kim et al with 26 weeks observation. Almost all of these
studies used vitamin D3 in the form of calcitriol. The study by Skobowiat et al used 20(OH)D3 as vitamin D derivative.
Four studies used topical vitamin D, while other two studies used vitamin D seeded into each well. The dose varied
between the six studies; the study by Makarova and Kim used a dose of approximately 3 pg, in contrast to the study
conducted by Pommergard which used a dose of approximately 0.166 ug/week. The study by Spath et al used doses of
approximately 4 and 12 IU, whereas the study by Skobowiat et al used 20(OH)D3 at a dose of 30 g/day. The study by
Makarova et al which used high dose (3.8 g) topical vitamin D showed reduction of BCC from 3 + 1.1 to 0.9 = 0.5 BCCs/
mm skin. The study by Skobowiat et al showed 20(OH)D3 had higher absolute percentage of inhibition compared to
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inhibition by 1,25(OH)2D3. The studies by Spath and Kim et al also reported similar results of significant tumor cell
growth inhibition (Table 3).

Main Characteristics of the Clinical Studies

There are five clinical studies, comprising four RCTs and one prospective interventional study. Only one study was
conducted in Asia, namely in Turkey, two studies were in the USA and two others were in Europe. Two studies tested the
effectiveness of vitamin D in basal cell carcinoma patients. The other two studies also examined patients with skin
malignancies. One study conducted by Rosenberg et al tested the effectiveness of vitamin D in actinic keratosis patients.
The sample size varied between studies. Three studies had less than 150 subjects, while the other two studies had 496 and
2259 subjects, respectively. Three studies had an average observation time of 30 months, one study only observed for 8
weeks, and one study had a fairly long period of time with a median observation time of approximately 96 months. All
studies used vitamin D3 derivatives, with two studies using Cholecalciferol, one study using calcitriol, and the other one
using calcipotriol. Two studies used topical administration, while the remaining three studies used oral administration
(pill). The study by Johansson et al showed that the serum level of 25-OH-D rose sharply after 4 months of vitamin
D supplementation (median of 33 ng/mL) compared to the placebo (median of 19 ng/mL). In their study on basal cell
carcinoma patients, Passarelli et al showed a lower incidence rate in the vitamin D group compared to placebo.
Meanwhile, a study by Ince et al in 2019 showed that the mean 25-OH vitamin D3 level in the patients with BCC
recurrence was 10.1 ng/mL at the second stage. A study by Brinkhuizen et al that tested calcitriol combined with
diclofenac in basal cell carcinoma patients showed a significant reduction, whereas single calcitriol therapy did not
induce tumor regression sufficiently (Table 4).

Discussion

We included a total of 18 studies discussing the potential of vitamin D in skin cancer therapy. The studies were divided
into 3 groups based on the study design, namely clinical study and preclinical study which was further divided into
in vivo and in vitro studies. In the clinical studies, most subjects had malignant cancer while only one study recruited
actinic keratosis subjects, and almost all of them used calcitriol as vitamin D derivatives. Most of these clinical studies
concluded that vitamin D3 can reduce the risk of skin cancer, whether used alone or in combination with other
components, such as diclofenac or calcium.

The biological mechanism on how vitamin D can be a protective factor for primary melanoma cancer cells is
mediated by the 1,25-dihydroxyvitamin D as the vitamin D active form at the intranuclear vitamin D receptor (VDR).
VDRs are widely expressed in the human body, where the receptor can trigger several hormones in the body, and are
correlated with various diseases. One study found that VDR dysfunction was associated with increased epidermal
carcinogenesis.”’ Furthermore, this high level of VDR was found in less aggressive cancer cells and correlated with
a good prognosis.*?

In the in vitro preclinical studies,'> 2!

most of the samples were melanoma cell lines, either from humans or animals
(mice). Most of these in vitro studies concluded that vitamin D derivatives, one of which was calcitriol, could increase
the inhibition of melanoma cell proliferation, thereby reducing the growth of these tumor cells. Even the study conducted
by Wasiewicz et al in Poland concluded that the administration of all types of vitamin D analogues could reduce the rate
of growth and formation of melanoma skin cancer cells,?” although some types of vitamin D analogues, such as 20(OH)
D3, could exert greater growth inhibition of cancer cell on several types of cell lines compared to 1,25(0OH)2D3, like the
results of a study conducted by Slominski et al in 2012.%'

This was also in line with the findings of a study conducted by Lim et al,*> in which there was a statistically
significant relationship between vitamin D level and tumor thickness as assessed using Breslow thickness (p=0.045). The
mean serum vitamin D level was found to be higher in patients with a thin tumor (<Imm) and vitamin D deficiency
increased the tumor cell thickness up to 3 mm (p=0.044). Breslow thickness is the most significant indicator for assessing
the prognosis of primary melanoma. In addition to using the Breslow thickness indicator, Lim et al also used two
traditional indicators for assessing the prognosis of melanoma, namely ulceration and mitosis, which yielded statistically
significant results that both indicators were also better in cancer cells with higher vitamin D mean.*> These results
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indicated that serum vitamin D level was a protective factor for primary melanoma cancer cells. The results of the study
by Lim et al were also in line with the study by Wyatt et al which concluded that vitamin D deficiency was associated
with increasing tumor cells thickness, leading to poorer prognosis.>® The study also reported that ensuring vitamin
D level at 50 nmol/L or more could potentially reduce tumor thickness up to less than 0.75 mm when assessed with the

Breslow thickness.*?

For in vivo studies,'”"'%227%°

the samples were taken from various types of human skin cancer cells and from animals
(mice), one study used basal cell carcinoma cell types, two studies used melanoma skin cancer cells and two studies,
conducted by the same author, used squamous cell carcinoma cells. The study by Makarova et al showed that the use of
high doses of topical vitamin D3 (3.8 ug) had greater effectiveness in reducing the growth of basal cell carcinoma,*
while the study by Skobowiat et al reported that the use of the vitamin D analogue 20(OH)D3 reduced the cancer cell
growth significantly greater compared to other vitamin D analogues such as 1,25(0H)2D3."” The study by Kim et al,®
showed that statistically, the smaller the tumor size, the faster the regression experienced after calcitriol administration at
a dose of 3 pg/g.

A study by Bagatini et al reported that 1,25(OH)2D3 increased CD39 enzymatic expression and decreased CD73
enzymatic expression, which if not prevented, it would later develop into melanoma.** A study conducted by
Pawlowska et al concluded that vitamin D had a dose-dependent growth inhibition of melanoma cells.*® This occurs
not only in skin cancer cells but also in those of breast cancer, colon cancer, and prostate cancer cells. The study
conducted by Dzhandzhugazyan et al also showed that CD39 was a major ectonucleotidase in human melanocytes
and melanoma cell lines.*® The results of our study are supported by the study by Nanzer et al in which there was
an increase in CD39 expression after treatment with 1,25(0H)2D3.?” Vitamin D has antiproliferative properties in
normal cells and cancer cells expressing VDR, where a high dose of vitamin D3 can stop the G0/G1 cell cycle in
these cells. The study by Bagatini et al concluded that 1,25(OH)2D3 could increase CD39 and reduce CD73 enzyme
expression and activity, which was highly dependent on the dose of vitamin D.** Such regulation suggests
a mechanism to regulate the production of adenosine in the cutaneous melanoma cells treated with the active
form of vitamin D.*’

Another mechanism on how vitamin D can be a potential therapy in skin cancer cells is related to the concept of
autophagy in cancer cells. The concept of autophagy in cancer has been known to be a “double-edged knife”, which can
both inhibit or induce the growth of cancer cells and metastasis.*® Apoptosis works by both intrinsic and extrinsic
signaling pathway. The intrinsic apoptosis pathway is induced by several intracellular stimuli, such as DNA damage,
growth factor depravation, and oxidative stress, which form the apoptosome complex. Meanwhile, autophagy has a pro-
metastatic role, despite the original intention of cell regulation. In the early cancer stage, autophagy would help as
a suppressor through tumor necrosis restriction and inflammatory cells infiltration; while in the later stage, autophagy
promotes extracellular matrix (ECM)-detached metastatic survival in remote site.*

Vitamin D elicits anti-cancer properties by inhibiting tumor promotion through autophagy and apoptosis
processes. Inhibition of mTOR signal by vitamin D may cause the induction of autophagy. This vitamin also has
the ability to convert the function of autophagy from cytoprotective to cytotoxic which can be a benefit for the
treatment of melanoma. Caspase-3 and caspase-9 activation has been said to be critically important in apoptosis.
Vitamin D can induce cleavage of both procaspase-3 and procaspase-9 to their active forms. This vitamin can also
control the production of reactive oxygen species (ROS) which can inhibit cell proliferation and induce apoptosis
significantly.*® Studies by Wu and Sun et al previously discussed the potential mechanism of vitamin D in inducing
antitumor activity by modulation of apoptosis and autophagy process. Vitamin D3 might be a major controller of
calcium metabolism. The increase of circulating vitamin D enacts VDR, driving to expand the intestinal calcium
absorption. In the target cells, calcium is discharged from the sarcoplasmic or endoplasmic reticulum (ER) to actuate
calcium-dependent kinases and phosphatases, in this manner controlling various cellular forms, counting
autophagy.*'** ER calcium actuates autophagy when fortified by vitamin D. This process is hindered by mTOR,
a negative controller of autophagy, which actuates gigantic collection of autophagosomes in a beclin-1- and ATG7-
dependent way as they are not intertwined with lysosomes. Vitamin D also reduces the expression of mTOR protein,
hence actuating autophagy by repressing the mTORCI complex. Additionally, VDR directs autophagy through
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Figure 2 Role of vitamin D in skin cancer.

p19INK4D, a cyclin-dependent kinase inhibitor. Vitamin D actuates the expression of p19INK4D in SCC25 cells,
thus protecting cells from autophagy-induced passing.*> Based on the studies included in this review, vitamin
D supplementation may be a promising candidate for adjuvant treatment of melanoma through the induction of
autophagy and apoptosis. The schematic role of vitamin D in skin cancer is summarized in Figure 2.

Conclusion

Vitamin D has been associated with its potential effect as chemopreventive agent on skin cancer therapy. This systematic
review with a total of 18 studies has revealed the tremendous potential of vitamin D in the management of skin cancer,
including melanoma, squamous cell carcinoma, or basal cell carcinoma. The vitamin D as in various forms, such as 1,25
(OH)2D3 or 20(OH)D3 has inhibited the proliferation of cancer cells and thus proving its capability as anticancer
therapy. Various mechanism might explain the vitamin D anticancer properties, such as autophagy and apoptosis inducing
property through the control of ROS and hinders proapoptotic cytokines, also in controlling the VDR expression and
prometastatic gene expression. Vitamin D might be potential to be fully studied with further research on its potential as
skin cancer therapy.
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