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Abstract
The role of vitamin D is implicated in carcinogenesis through numerous biological processes like induction of apoptosis, modulation of immune 
system inhibition of inflammation and cell proliferation and promotion of cell differentiation. Its use as additional adjuvant drug with cancer 
treatment may be novel combination for improved outcome of different cancers. Numerous preclinical, epidemiological and clinical studies 
support the role of vitamin D as an anticancer agent. Anticancer properties of vitamin D have been studied widely (both in vivo and in vitro) among 
various cancers and found to have promising results. 
There are considerable data that indicate synergistic potential of calcitriol and antitumor agents. Possible mechanisms for modulatory anticancer 
activity of vitamin D include its antiproliferative, prodifferentiating, and anti-angiogenic and apoptic properties. Calcitriol reduces invasiveness 
and metastatic potential of many cancer cells by inhibiting angiogenesis and regulating expression of the key molecules involved in invasion 
and metastasis. Anticancer activity of vitamin D is synergistic or additive with the antineoplastic actions of several drugs including cytotoxic 
chemotherapy agents like paclitaxel, docetaxel, platinum base compounds and mitoxantrone. Benefits of addition of vitamin D should be weighed 
against the risk of its toxicity.
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Introduction
Vitamin D is a fat-soluble vitamin, referred as prohormone, 

metabolites and analogues of these substances. Major source 
of vitamin D is solar ultraviolet-B exposure. Calcitriol, 
an active form of vitamin D is synthesized in kidney. Its 
precursor undergoes hydroxylation in liver and kidneys to 
form 1,25dihydroxycholecalciferol. Now it has been observed 
that calcitriol is synthesized in several other tissues like breast, 
ovary, colon and prostate. Vitamin D binds to a nuclear receptor 
and modulates gene expression. Vitamin D receptors (VDR) are 
present in a wide variety of cells including malignant cells [1]. 
Calcitriol is the chief regulator of calcium homeostasis and bone 
metabolism. But in past few decades its multiple diversified effects 
have been identified throughout the human body. 

The role of vitamin D is implicated in carcinogenesis through 
numerous biological processes like induction of apoptosis, 
modulation of immune system inhibition of inflammation and cell 
proliferation and promotion of cell differentiation [2]. Preclinical 
studies showed antitumor in vitro and in vivo effects of 1,25D3-an 
active metabolite of vitamin D and its analogues. In addition, its 
administration potentiates the effects of chemotherapeutic agents 
[3]. Several important anticancer mechanisms have been identified 
and the molecular mediators of calcitriol actions investigated by 
the researchers. Its use as additional adjuvant drug with cancer 
treatment may be novel combination for improved outcome of 
different cancers. Cancer treatment induced bone loss is one of 
adverse effect of treatment in breast and prostate cancer patients 
and those receive antiresorptive agents for skeletal metastasis. 

J Cancer Sci Therap. 2018;2(1):6

Such patients get benefited if their vitamin D levels remain within 
normal range [4].

Vitamin D as anticancer agent
ANumerous preclinical, epidemiological, and clinical studies 

support the role of vitamin D as an anticancer agent. Anticancer 
properties of vitamin D have been studied widely (both in vivo 
and in vitro) among various cancers and found to have promising 
results. Numerous ecological and epidemiological data revealed 
protective effect of regular exposure to sunlight against development 
of various types of cancers. Also administration of vitamin D 
results in regression and death of the malignant cells to some 
extent. Possible mechanisms for modulatory anticancer activity 
of vitamin D include its antiproliferative, prodifferentiating, and 
anti-angiogenic and apoptic properties [5]. In addition, it causes 
immunomodulation through multiple pathways to enhance immune 
tolerance. Calcitriol reduces invasiveness and metastatic potential 
of many cancer cells by inhibiting angiogenesis and regulating 
expression of the key molecules involved in invasion and metastasis 
[6]. Calcitriol and its analogues directly inhibit the proliferation 
of endothelial cells and tumor angiogenesis. In addition, they 
regulate expression of key factors of angiogenesis [7]. Role of 
chronic low-grade systemic inflammation has been implicated in 
the pathogenesis of cancer. Anti-inflammatory actions of vitamin 
D include suppression of prostaglandin actions, inhibition of p38 
stress kinase and NF-kB signaling and subsequent production of 
proinflammatory cytokines [8]. Calcitriol controls the growth cells 
by modulation of expression and activity of key growth factors in 
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malignant cells. Up regulation of expression of insulinlike growth 
factors binding protein-3 (IGFBP-3) by calcitriol causes inhibition 
of cell proliferation by increasing the expression of p21 [9]. Apart 
from these antineoplastic actions, vitamin D also affects the energy 
utilization in cancer cells. It regulates metabolism-related tumor 
suppressor and oncogenes, energy and nutrient sensing pathways 
[10].

Vitamin D decreases expression of aromatase, an enzyme that 
catalyzes estrogen synthesis in breast cancer via direct repression 
of transcription and reduction of prostaglandin synthesis, which 
are chief stimulators of aromatase transcription. Vitamin D may 
modulate triple negative breast cancer by prevention of cathepsin 
L-mediated degradation of 53BP1. In BRCAA1 deficiency, 
increased degradation of 53BP1 facilitates unregulated growth 
of the cells that can be reversed by administration of vitamin D 
[11]. Anticancer activity of vitamin D is synergistic or additive 
with the antineoplastic actions of several drugs including cytotoxic 
chemotherapy agents like paclitaxel, docetaxel, platinum base 
compounds and mitoxantrone [12-15]. In some of the malignant 
cells, calcitriol induces differentiation in such a way that they 
acquire a more mature and less malignant phenotype. In addition, 
calcitriol induces apoptosis in some of cancer cells by different 
mechanism. In breast and prostate cancer, it activates intrinsic 
pathway of apoptosis leading to disruption of mitochondrial 
activities, release of cytochromes and free radicals. While in 
some cells, it enhances apoptosis in response to administration 
of chemotherapy and radiation therapy [16]. Androgen receptors 
(AR) mediate gonadal actions on prostate cancer cells. Calcitriol 
induces differentiation of prostate cell progenitor into AR positive 
luminal epithelial cells. In addition, it induces increase in androgen 
stimulated prostate-specific antigen [17-19]. In colon cancer, 
components of calcitriol pathway can modulate the unregulated 
wnt/B-catenin signaling pathway to increase E-cadherin and 
sequestration of B catenin at the membrane [20].

Dosage of vitamin D in cancer treatment
There is a lot of controversy about dosage of vitamin D for 

anticancer purpose. Most of the anticancer actions of vitamin D 
have been found with chronic administration at dose of 2000-
4000IU/day. But this may lead to its toxicity, as it is lipid soluble 
vitamin that can be stored in adipose tissues. Because of calcium-
mobilizing action, administration of vitamin D for prolonged 
duration causes hypercalcemia. Hypercalcemia is the principle 
toxicity that leads to the progression of atherosclerosis. Hence 
daily brief exposure of substantial are of skin to sunlight is the most 
preferred physiologic safe source of vitamin D. Such ultraviolet 
exposure is equivalent to daily oral intake of 10000 IU vitamin 
D3 [21]. Benefits of addition of vitamin D should be weighed 
against the risk of its toxicity. Hence, careful monitoring of cancer 
patients who are receiving vitamin D is recommended. To avoid 
hypercalcemia due to vitamin D toxicity, various analogues with 
low calcemic properties like EB1089 (seacalcitol), BXL0124, 
Inecalcitol and EM1 have been synthesized [2].

Calcitriol, the hormonal active form of vitamin D has been 
evaluated in clinical trials as a potential anti-cancer therapeutic 
agent. In animal models, there is evidence of multiple anti-cancer 
properties of vitamin D in malignant cells that halts the growth 
and progression of the tumors [8]. It is emerging as a promising 

adjuvant drug in various types of cancer therapy, hence raising 
the possibility of its use as anti-cancer agent. AIPC study of 
Calcitriol Enhancing Taxotere (ASCENT) trial was a double 
blind randomized phase II trial that evaluated efficacy and safety 
of DN-101 (high-dose calcitriol) orally once a week with weekly 
docetaxel among patients with metastatic adenocarcinoma of the 
prostate cancer with evidence of progression. Vitamin D in high 
dose enhanced efficacy of active drugs with statistically significant 
improvement in the overall survival and time to progression. 
However, it did not produce a statistically significant improvement 
in the PSA response rate [22]. In case of prostate cancer, calcitriol 
exhibits antineoplastic action by inducing cell cycle arrest and 
accumulation of cells in G0/G1 phase of cycle. In addition, it 
increases the expression of the cyclin-dependent kinase (CDK2) 
inhibitors [23].

With these concerns, anticancer properties of vitamin D are ray 
of hope to improve overall and disease free survival among cancer 
patients. There are considerable data that indicate synergistic 
potential of calcitriol and antitumor agents. Although technically 
it is hormone, it exerts anticancer effects through multiple 
mechanisms. In future, large population, based prospective studies 
are warranted to evaluate the role of vitamin D as therapeutic 
anticancer agent. 

Conclusion
Calcitriol has been found to be associated with beneficial 

anticancer effects via multiple mechanisms. Cancer patients should 
be screened for deficiency of vitamin D and accordingly treat 
it to improve the prognosis of the disease. There are substantial 
evidences in preclinical and epidemiological studies that suggest 
utility of vitamin D as antineoplastic agent. It exerts synergistic 
or additive effect in combination with various types of cytotoxic 
agents in cancer treatment. 
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