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Abstract

Recently reported findings from major clinical trials show no cancer protection from vitamin D supplementation, and results
from observational studies of vitamin D in cancer prevention are inconsistent. There is a need for new hypotheses to guide
investigations of the controversies surrounding vitamin D supplementation and cancer. Bioactive vitamin D, 1,25(OH)2D, is
an endocrine factor that regulates phosphate homeostasis by increasing dietary phosphate intestinal absorption. When
phosphorus serum levels are high, as in hyperphosphatemia, an endocrine feedback mechanism lowers bioactive vitamin D
which reduces intestinal phosphate absorption. Low vitamin D levels have been associated with cancer incidence, and
tumorigenesis is associated with high levels of dysregulated phosphate in the body. In this mini-review, the author
hypothesizes that hyperphosphatemia may be an intermediating factor in the association of lowered vitamin D levels and
increased risk for tumorigenesis. Furthermore, this article challenges the UVB—vitamin D-cancer hypothesis which proposes
that reduced cancer incidence at lower geographic latitudes is related to high levels of vitamin D from UVB exposure. The
author proposes that reduced phosphorus content and availability in tropical and subtropical soil, and lower dietary
phosphate intake from consumption of tropical and subtropical crops (as in the Mediterranean diet), may mediate the

association of reduced cancer risk with lower latitudes.
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Introduction

A promising role for vitamin D in cancer prevention has
been suggested by decades of results from laboratory-animal
and cellular studies, but the promise remains unfulfilled as
findings of clinical studies in humans have been mixed [1].
Recently, the prospect of vitamin D reducing cancer in
humans has been further diminished by findings from major
clinical trials which show no reduction in cancer risk from
vitamin D3 supplementation (cholecalciferol).

Results of the Vitamin D and Omega 3 Trial (VITAL),
published in late 2018, found no reduced cancer incidence
in a nationwide U.S. trial of 25,871 participants randomized
to a 2000 IU daily dose of vitamin D3 or placebo, with a
median follow-up period of 5.3 years [2]. Results were
published in 2018 from the Vitamin D Assessment study
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(ViDA) of 5108 participants from Auckland, New Zealand,
randomized to monthly high doses of vitamin D3 (100 K IU
after an initial dose of 200 K IU) which found no significant
change in cancer incidence after a median follow-up period
of 3.3 years [3]. Results of a 2019 meta-analysis of ran-
domized controlled trials did not find a reduction in total
cancer incidence from vitamin D supplemented at high
dosages, although it found a significant association with a
reduction in total cancer mortality [4]. However, reduced
cancer mortality could be attributed to survivor bias as cases
who survive cancer might have different uncontrolled risk
factors than lost cases [5]. Results were also published in
2017 of a trial of 2303 healthy postmenopausal women
from rural counties in Nebraska who were supplemented
with vitamin D3 and calcium, which did not lead to a sig-
nificant reduction in cancer incidence after four years [6].
It has been suggested that doses of vitamin D have
pharmacological effects which suppress tumors when
adapted for use as an anticancer agent [7], but commonly-
used doses of 2000 IU vitamin D have been found to pro-
mote cancer biomarkers [8]. No hypothesis has successfully
explained the puzzling discrepancy between laboratory and
clinical research findings involving vitamin D
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supplementation and cancer. This puzzle remains unsolved
as recent observational findings show inverse associations
between cancer and circulating levels of vitamin D3 (25
(OH)D) [9-11], while other recent observational studies
found no association between vitamin D and cancer
[12—-14].

There are many potential confounding factors that could
account for conflicting findings in investigations of sup-
plemented vitamin D and cancer. Classifying serum levels
of vitamin D as deficient, insufficient, normal, excessive,
and toxic is an area of ongoing debate [15, 16], and the
threshold of supplemented vitamin D that produces an effect
in participants with normal baseline vitamin D levels may
not reach the same threshold in participants with insufficient
baseline levels. Factors that disrupt the metabolic conver-
sion of the storage form of vitamin D, calcidiol, into the
bioactive form, calcitriol, may also account for variable
findings in the outcome of vitamin D supplementation on
cancer. Individuals with genotypes that affect the expres-
sion of the vitamin D receptor have been found to respond
differently to vitamin D supplementation in various types of
cancers, and variable responses to vitamin D supplementa-
tion can be influenced by bodyweight, gender, and age-
related hormonal interactions in cancer [17]. Additionally,
emerging evidence suggests that vitamin D metabolism is
dysregulated in cancer [18], which implies that the link
between vitamin D and cancer may involve metabolic
mechanisms that are much more complex than straightfor-
ward vitamin D deficiency. There is a need to generate new
hypotheses for further investigation of the controversies
surrounding vitamin D supplementation and cancer [19].

The author has previously discussed controversies and
adverse effects associated with supplemented vitamin D
[20, 21], which include hypercalcemia and vascular calci-
fication. In this mini-review, evidence is presented sug-
gesting that dysregulated phosphate may be a mediating
factor in the negative association of vitamin D levels with
cancer risk, supporting a novel hypothesis that might help
explain decades of inconsistent findings between clinical
and laboratory research on vitamin D and cancer. Further-
more, this evidence supports the introduction of another
novel hypothesis which challenges the UVB-vitamin D-
cancer hypothesis, a long-standing hypothesis linking sun-
light exposure with vitamin D and cancer prevention.

Endocrine regulation of phosphate
homeostasis

To explain how dysregulated phosphate may mediate the
association of vitamin D with cancer, one must begin with
an understanding of vitamin D’s regulatory role as an
endocrine factor in phosphate homeostasis [22], briefly

summarized here. Phosphorus, an essential dietary micro-
nutrient, is incorporated into nucleic acids DNA and RNA
and is a component of phospholipids found in cell mem-
branes. Inorganic phosphorus (Pi) functions within cells as a
negatively charged phosphate anion (PO,*") in enzymatic
activation and inactivation, and is involved in cell signaling
via phosphorylation of proteins. Phosphorus also plays a
role in energy metabolism and mineralizes bone in combi-
nation with calcium. Phosphate regulation is controlled
systemically by a sensitive network of endocrine factors
which include bioactive vitamin D (1,25(OH)2D, calcitriol),
parathyroid hormone (PTH), and fibroblast growth factor 23
(FGF23) along with its cofactor Klotho. Dysregulation of
this systemic network disturbs phosphate homeostasis and
is associated with cellular pathologies that can increase
morbidity and mortality involving almost every organ sys-
tem of the body.

Vitamin D regulation of phosphate
homeostasis

Bioactive 1,25(OH)2D regulates phosphate homeostasis by
increasing intestinal absorption of dietary Pi to help maintain
normal serum phosphate levels, mainly by increasing the
expression of type II sodium-dependent phosphate co-
transporters (NaPi2b) in the intestinal mucosa [22]. 1,25
(OH)2D is produced from circulating 25-hydroxyvitamin D
(25(0OH)D, cholecalciferol) through the enzymatic action of
la-hydroxylase (CYP27B1) which is expressed by the kid-
neys. 1,25(OH)2D action also suppresses PTH synthesis,
preventing reduced renal Pi reabsorption and increased urin-
ary phosphate excretion caused by PTH. Of relevance, serum
phosphate levels that rise above normal (hyperphosphatemia)
suppress renal production of 1,25(OH)2D, forming a feed-
back loop between intestinal absorption and serum Pi.
Increased FGF23 secretion also works to lower rising serum
phosphate by increasing urinary phosphate excretion and by
lowering 1,25(OH)2D serum levels. Additionally, vitamin D
has been found to influence the gastrointestinal microbiome,
which has been causally linked to colorectal cancer [23], and
changes in the microbiome associated with vitamin D may
modify the intestinal Pi absorption mechanism, although
further investigations are needed.

In contrast to the complex multifactor endocrine system
which tightly regulates renal hydroxylation of cholecalci-
ferol in the production of calcitriol [24], excessive amounts
of cholecalciferol synthesized from 7-dehydrocholesterol in
the skin during sun exposure are directly downregulated by
photodegradation [25]. This mechanism implies that the
body obtains all the cholecalciferol it requires naturally
from sufficient sun exposure, disposing of any excessive
amounts synthesized in the skin.
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Dysregulated phosphate and tumorigenesis

The author has previously reviewed the association of
dysregulated phosphate metabolism with tumorigenesis,
summarized very briefly here [26, 27]. Cancer is a disease
of dysregulated cell growth, and phosphorus, the least
abundant element forming nucleic acids DNA and RNA, is
a rate-limiting factor in biological growth [28]. Cancer
patients were found to have above-normal levels of serum
phosphate relative to patients without cancer [29], and
cancer cells have been found to store up to twice as much
phosphorus as normal cells [30]. Type II sodium-dependent
phosphate co-transporters (NaPi2b) are expressed in greater
numbers within the membranes of cancer cells than in
normal cells [31]. Ribosomal RNA biosynthesis is increased
as excess phosphorus is incorporated into nucleic acids [32],
thus helping provide additional protein for cancer cell
growth and tumorigenesis.

Lung tumors [33] and skin cancer [34] were caused by
feeding high levels of dietary phosphate to experimental
animals, and high levels of dietary phosphate were found to
be associated with high-grade cancer of the prostate in the
Health Professionals Follow-Up Study [35]. Research
shows that high amounts of phosphate stimulate cell sig-
naling in cancer growth [36] and tumor neovascularization
[37], and are associated with metastasis [38] and chromo-
some instability [39]. The effects of dysregulated phosphate
also contribute to malnutrition and systemic inflammation
[40], which are conditions associated with cachexia in
terminally ill cancer patients.

Another research finding which has important dietary
implications is that ketogenic diets (defined as 90% or more
calories from fat) have shown efficacy in cancer treatment
[41]. The usual explanation for this finding cites the high
reliance of cancer cells on anaerobic glucose metabolism.
However, a very large 500-gram tumor utilizes only 9.8
grams of carbohydrates a day, which is easily supplied
during restricted carbohydrate feeding [42], in addition to
glucose supplied by gluconeogenesis from the lysis of
protein and fat. It is noteworthy that a greater proportion of
calories supplied from fat in the ketogenic diet lowers the
diet’s overall phosphate content [26], which could help
explain the efficacy of ketogenic diets in treating cancer.

Vitamin D-hyperphosphatemia-cancer
hypothesis

The research evidence in this mini-review provides a basis
to propose a novel hypothesis which explains the associa-
tion of low vitamin D levels with increased cancer risk.
Figure 1 shows that hyperphosphatemia causes endocrine
lowering of 1,25(OH)2D while simultaneously increasing
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the risk of tumorigenesis. Further studies need to investigate
evidence that supports, refutes, or modifies this Vitamin D-
hyperphosphatemia-cancer hypothesis.

UVB-vitamin D-cancer hypothesis

The UVB-vitamin D-cancer hypothesis is a prominent
hypothesis linking lower latitudes and greater sun exposure
to reduced cancer incidence and/or mortality [43]. Although
UV radiation exposure increases skin cancer risk [44],
evidence of cancer mortality reviewed in 2006 found that
health benefits outweighed risks of UV radiation exposure
[45]. A 2012 ecological study supported the UVB—vitamin
D-cancer hypothesis based on an analysis of geographical
cancer incidence [46]. However, another 2012 study found
no protective effect on internal cancers in patients with
basal cell carcinoma which is strongly associated with
prolonged sun exposure [47].

In a related line of evidence, fruit and vegetable con-
sumption is associated with cancer prevention [48], but
reduced cancer risk is often not confirmed in clinical trials
examining intake of isolated nutrients and other dietary
factors [49, 50]. Furthermore, fruit and vegetables are poor
sources of vitamin D, which adds to the conundrum linking
vitamin D and cancer prevention. Of relevance, fresh whole
fruit and green leafy vegetables generally are lower in
phosphorus than other natural whole foods. Table 1, based
on edible portions of foods from the USDA standard
reference database [51], shows a small sample of fruits and
nuts grown in tropic and semi-tropic regions that have a
very low phosphorus caloric density (mg of phosphorus per
calorie).

Table 1 shows that the phosphorus caloric density of
cereals and legumes grown in temperate regions is much
higher than that of tropical and subtropical fruits and nuts.
Additionally, the phosphorus caloric density of green leafy
vegetables is high, but these foods are generally not con-
sumed in large amounts, and the overall amount of dietary

Hyperphosphatemia

Increased Risk of
Tumorigenesis

Endocrine Lowering <
of 1,25(0H),D,

Fig. 1 Vitamin D-hyperphosphatemia-cancer hypothesis. Hyperpho-
sphatemia causes endocrine lowering of 1,25(OH)2D, and is a factor
that increases risk of tumorigenesis. It is hypothesized that hyper-
phosphatemia mediates the association of low bioactive vitamin D
with increased cancer risk (dotted arrow)
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Table 1 Phosphorus in agricultural crops; USDA standard reference

Tropical & Subtropical Fruit & Nuts Phosphorus mg/kcal

Olive 0.02
Pineapple 0.16
Fig 0.19
Pear 0.19
Blueberry 0.21
Apple 0.21
Grapefruit, Florida Red 0.21
Mango 0.22
Date 0.22
Kaki 0.24
Banana 0.25
Papaya 0.26
Macadamia Nut 0.26
Durian 0.27
Grapes 0.29
Orange 0.30
Honeydew 0.31
Coconut 0.32
Avocado 0.33
Raisin 0.34
Cherimoya 0.35
Watermelon 0.37
Tangerine 0.38
Jackfruit 0.38
Pecan 0.40
Soursop 0.41
Temperate Grains & Legumes

Rice, Brown, Medium Grain, Raw 0.72
Corn, Sweet, Yellow, Raw 1.03
Wheat, Flour, Whole Grain 1.02
Soy Flour, Full Fat, Raw, Crude Protein 1.13

phosphorus they provide is low. On the other hand, cereals
provide the largest source of dietary phosphorus in the
United States [52], along with other leading sources of
phosphorus such as dairy and meat.

The Mediterranean basin is a subtropical region—recent
studies show that a Mediterranean dietary pattern, which is
high in fruit and vegetables, is associated with reduced
cancer mortality [53], and with risk reductions for cancer of
the esophagus and stomach [54], bladder [55], colon and
rectum [56], prostate [57], breast [58], lung [59], and non-
melanoma skin cancer [60]. Reduced cancer risk linked to
the Mediterranean dietary pattern is associated with the low
saturated fatty acid and high fiber content of the plant-based
foods in the diet [61], but lower phosphate in the fruits and
vegetables of the Mediterranean diet should not be over-
looked as a potential protective factor against cancer. Note

that the high-fat olive, a staple fruit consumed in the
Mediterranean diet, is exceptionally low in phosphorus
caloric density, being approximately ten times lower than
other fruits listed in Table 1. The low phosphorus caloric
density of many tropical and subtropical fruits and nuts is
explained by low total soil phosphorus and reduced phos-
phorus solubility/availability in tropical and subtropical
soils relative to temperate region soils [62, 63]. Some tro-
pical nuts not listed in Table 1 include the Brazil nut which
is high in phosphorus. Of relevance, the Brazil nut tree
grows to between 100 and 150 feet in height and has a very
extensive root system compared to other tropical crops [64].

This reviewed evidence supports a novel latitude-
phosphorus-cancer hypothesis that is posited as an alter-
native to the UVB—vitamin D-cancer hypothesis. The rela-
tively low phosphorus content and low phosphorus
availability in tropical and subtropical soil, and the low
phosphorus content of related subtropical and tropical
crops, provide a hypothetical mediating factor which links
the association of low latitude with reduced cancer inci-
dence, Fig. 2.

This novel latitude—phosphorus-cancer hypothesis is
consistent with evidence of a rise in non-communicable
diseases in populations of Pacific Islanders as their tradi-
tional diet of tropical food items has been replaced with
imported food from northern latitudes [65]. Unfortunately,
most of the Pacific Island region lacks historical records
from long-established cancer registries [66], and it has not
been possible to observe longitudinal changes in cancer
incidence associated with historical changes in the tradi-
tional Pacific Islander diet. Modern dietary interventions
based on the Pacific Islander traditional diet should be
investigated for cancer prevention.

In conclusion, the evidence in this mini-review supports
findings that vitamin D supplementation does not play a
direct protective role against cancer. The two novel cancer
hypotheses presented in this mini-review, the vitamin
D-hyperphosphatemia-cancer =~ hypothesis  and  the
latitude—phosphorus-cancer hypothesis, are proposed as

Low Phosphorus in
Tropical/Subtropical
Soil & Related Crops

Reduced Cancer

Low Latitude Incidence

Fig. 2 Latitude-phosphorus-cancer hypothesis. At low latitude, tropi-
cal and subtropical soil and crops are lower in phosphorus compared to
temperate regions, which is hypothesized to reduce cancer incidence
associated with lower latitudes (dotted arrow)
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guides for further investigation of controversies surrounding
vitamin D and cancer.
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