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Commentary

Does Vitamin D Prevent Cancer?
D Vitamini Kanseri Önler mi?

 Adem AKÇAKAYA

Bezmialem Vakıf University Faculty of Medicine, Department of General Surgery, İstanbul, Turkey

Dear Readers,

The relationship between vitamin D and cancer has been 
discussed for a long time. Recently, it has become popular again 
with the increase in its use during the coronavirus disease period 
and the acceptance of its protective effect from infection. In 
addition to its different uses, many studies have been conducted 
on its cancer-protective effect, the need for vitamin D in patients 
with cancer and the ways of obtaining it. As a surgeon dealing 
with cancer surgery, I evaluated this patient group with a new 
perspective as a result of my clinical observations and came to the 
conclusion that vitamin D levels should definitely be evaluated in 
these patients.

Vitamin D is a fat-soluble vitamin obtainable from the diet, as well 
as a seco-steroidal prohormone produced in the skin by ultraviolet 
B (UVB, 290-320 nm) from sunlight. Vitamin D undergoes two-
step processing in the liver and kidney to synthesize calcitriol, 
a biologically active form that binds to the vitamin D receptor 
(VDR) to activate its various physiological functions (1,2). There 
are 2 main isoforms of vitamin D; Vitamins D2 and D3 (3,4). 
Dietary or skin-derived vitamin D binds to the circulating vitamin 
D binding protein (VDBP) and is first delivered to the liver. In 
the liver, vitamin D is metabolized to 25(OH)D (calcidiol) by 
vitamin D 25-hydroxylase (CYP2R1 and CYP27A1), the major 
circulating form of vitamin D in serum (5,6).

The classic role of vitamin D is to regulate calcium and phosphate 
metabolisms, which are essential for bone remodeling. However, 
extensive studies in recent years have suggested that low sunlight 
exposure and vitamin D deficiency are also associated with an 
increased risk of many other non-skeletal diseases such as cancer 
(7-10).

The first observation of an inverse correlation between sunlight 
exposure and overall cancer incidence and mortality in North 

America was published about 80 years ago (11). Then, in 1980 
and 1992, the first epidemiological studies were reported linking 
low sunlight exposure with a high risk of colon cancer and 
prostate cancer, respectively. It has been suggested that, rather 
than exposure to sunlight, vitamin D may protect against the 
risk of development of colon cancer and prostate cancer (12,13). 
Since then, many epidemiological studies have supported and 
expanded the UVB-vitamin D-cancer hypothesis in 18 different 
cancer types (14). The hypothesis has further been supported 
by studies showing a direct relationship between vitamin D and 
cancer risk. Several population-based studies have demonstrated 
an inverse correlation between serum 25-hydroxyvitamin D 
(25(OH)D) levels and increased risk of colon (15), breast (16), 
prostate (17), gastric and other cancers. Therefore, it is stated that 
vitamin D deficiency may contribute to the development and 
progression of many types of cancer, and therefore, maintaining 
adequate serum vitamin D levels may be beneficial for the 
prevention and treatment of cancer. The clinical use of calcitriol 
or vitamin D analogues has been investigated, as numerous 
epidemiological and experimental data have demonstrated the 
beneficial role of vitamin D in the prevention and treatment of 
various types of cancer (18).

Anticancer Properties of Vitamin D

Since the beneficial effects of vitamin D in preventing and treating 
cancer have been observed in epidemiological and preclinical studies, 
several mechanisms have been proposed to explain its anticancer 
effects. Data in the literature show that vitamin D can regulate the 
entire tumorigenesis process, from onset to metastasis and cell-
microenvironment interactions (18). These mechanisms include 
regulation of cell behaviors such as proliferation, differentiation, 
apoptosis, autophagy and epithelial-mesenchymal transition 
and modulation of cell-microenvironment interactions such as 
angiogenesis, antioxidants, inflammation and the immune system.
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The most important extraskeletal function of vitamin D is 
its role in the modulation of the immune system (19,20). 
This includes supporting innate immune system cells such as 
monocytes, macrophages and dendritic cells in their fight against 
bacterial infections such as tuberculosis (19). In addition, vitamin 
D prevents excessive reactions of adaptive immune system cells 
such as activated T-cells, which can lead to autoimmune diseases 
such as multiple sclerosis or inflammatory bowel disease (21,22). 
Vitamin D affects the innate immune system through upregulation 
of the anti-microbial peptide CAMP (23) or the plasma 
membrane-associated glycoprotein CD14 (24) that functions as 
a co-receptor for Toll-like receptors. Vitamin D influences the 
differentiation, growth, and apoptosis of monocytes, dendritic 
cells, and different T-cells through regulation of the same set of 
genes and pathways that drive the growth of cancer cells (25). 
It suggests that the anti-proliferative effect of vitamin D is 
related to its role in inducing differentiation and apoptosis of 
cancer cells and its function in controlling immune cells (26). 
Furthermore, immune cells are an important component of the 
supportive microenvironment of tumors. Thus, some of the anti-
cancer effects of vitamin D may be based on a modulation of the 
immune component of the microenvironment that is detrimental 
to tumor survival (27,28). For example, vitamin D can enhance 
the antibody-dependent cellular cytotoxicity of macrophages 
and natural killer cells in the context of cancer treatment with 
monoclonal antibodies. Importantly, the best anti-cancer effect 
of vitamin D through modulation of the immune system is 
primarily the prevention of existing tumors, not the prevention 
of their formation. Every day, thousands of normal cells in each 
of us turn into cancer cells, but the vast majority of them are 
detected at an early stage by cytolytic T-cells and eventually 
eliminated. In this way, activation of cytolytic T-cells by vitamin 
D is an effective mechanism in preventing the onset of cancer. 
A seminal epidemiological report published nearly 40 years ago 
showed that living at lower latitudes, as well as increased sun 
exposure, reduced the risk of colorectal cancer, both of which 
led to higher endogenous vitamin D3 production (12). It is also 
known that 1,25(OH)2D3 can slow the growth of melanoma 
cells in vitro (29). Both observations prompted the idea that low 
vitamin D status could be a risk factor for cancer. While studies 
on vitamin D confirm this concept for colorectal cancer, many 
in vitro studies have concluded that vitamin D will be effective 
against prostate cancer and breast cancer, as well as lymphoma 
and leukemia (30).

Although there is a consensus on the cancer-protective effect 
of vitamin D, there are studies reporting opposing views. 
Three randomized control studies reported no effect of vitamin 
D3 supplementation, while their meta-analysis found that it 
significantly reduced cancer deaths, but there was no reduction 
in cancer incidence (31-33). Randomized clinical trials of 
vitamin D supplementation have inconsistent results. There 
are also opinions that argue that daily vitamin D and calcium 
supplementation does not have a protective effect against 
colorectal, breast and all invasive cancers (31,34). However, a 
Mendelian randomization study based on 74 single-nucleotide 
polymorphisms associated with 25(OH)D3 serum levels showed 
that vitamin D status was unlikely to be a causal risk factor for 
most cancers (35). There are also opinions suggesting that the 

possible anti-cancer effects of vitamin D3 are not clear in the 
whole population. Interestingly, the concept of the personalized 
vitamin D response index in the smaller vitamin D3 study 
conducted in Finland suggests that 1 in 4 people have a low 
response to vitamin D, meaning that these individuals should 
increase their daily dose of vitamin D3 supplementation (36-38). 
In contrast, those with a high vitamin D response seem to tolerate 
even a low vitamin D state. Therefore, it is recommended that 
randomized controlled trials be performed with more parameters, 
such as body mass index or other markers. In another study, it 
was reported that a high dosage of 2,000 IU/d of vitamin D 
together with calcium reduced the incidence of all cancer types 
in the treatment arm (39,40).

Observational epidemiological studies suggest that low vitamin 
D status is a risk factor for different types of cancer and that 
adequate vitamin D3 supplementation is cancer-preventive.

In conclusion, Vitamin D3 is a derivative of cholesterol that acts 
as a direct regulator of the epigenome and transcriptome of a 
wide variety of human tissues and cell types, including malignant 
tumor cells, through its 1,25(OH)2D3 metabolite and its high-
affinity receptor VDR. The pronounced effect of vitamin D 
on proliferation, differentiation and apoptosis of immune cells 
also has effects on cancer cells. The growth of malignant tumor 
cells is controlled directly by the same genes and pathways in 
immune cells or indirectly by modulated immune cells in their 
microenvironment. Modulation of the immune system also 
contributes to the anti-cancer effect of vitamin D. It is generally 
accepted that the protective effect of vitamin D is also applied to 
neoplastic diseases such as cancer. First of all, the accepted view is 
that vitamin D does not act on the control of existing tumors, but 
on the prevention of their formation. Low vitamin D level is a risk 
factor for different types of cancer. Therefore, adequate vitamin 
D3 supplementation may prevent cancer in patients with low 
vitamin D levels, especially in patients with risk factors for cancer 
development. Vitamin D levels should be closely monitored 
during and after cancer treatment such as surgery, chemotherapy 
or radiotherapy, and necessary replacements should be made to 
keep the levels at optimal levels. Another point is that vitamin 
D levels are mostly low in this patient group, and even if they 
are normal, they are usually close to the lower limit of normal. 
In addition to benefiting from sunlight in these patients, giving 
vitamin D both with diet and as a supplement may contribute to 
preventing both cancer formation and recurrence after treatment.
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