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Vitamin D is considered to be the main mediator of the beneficial effects of sun exposure. In humans, highest expression of Vitamin
D receptors is found in the intestinal tract. In addition, 1a,25-dihydroxyvitamin D3 (or calcitriol), the most active Vitamin D metabo-
lite, plays important homeostatic roles in the intestine, particularly calcium absorption. Vitamin D deficiency is defined as a serum
25-hydroxyvitamin D [25(0OH)D] level of < 20 ng/mL. Previous studies show that higher circulating 25(OH)D levels are associated
with reduced risk of colorectal cancer (CRC) and improved survival. Most research to date has been conducted in animals, specif-
ically mice. Although human studies have a limited number of participants, one study recruiting a large cohort of patients with ad-
vanced or metastatic CRC revealed that higher plasma 25(OH)D levels are associated with improved overall and progression-free
survival. However, the effects of Vitamin D supplementation on incidence and mortality of CRC remain inconclusive. Although Vi-
tamin D may help to prevent cancer, there is a paucity of research demonstrating conclusively that Vitamin D alters prognosis after
chemotherapy. Here, we review the mechanisms by which Vitamin D affects CRC, as well as the results of clinical, epidemiological,
and human intervention studies. We also discuss current perspectives and future directions regarding Vitamin D and CRC.
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INTRODUCTION

In the past decade, colorectal cancer (CRC) has become
the third most common cancer worldwide, and the second
leading cause of cancer-associated death [1,2]. In 2020, it
was estimated that about 10% of global cancer incidence,
and about 9.4% of cancer-related deaths, could be attributed
to CRC [2]. Risk factors for CRC include sex, age, race, and
genetic factors [2-6]. Exposure to environmental risk factors,
such as the shift to a modern lifestyle and a Westernized diet,
plays a very important role in the increasing global incidence
of CRC [7]. Epidemiological and observational studies have
identified CRC as the neoplasm most commonly associated
with Vitamin D deficiency [8]. However, design, data analysis
and interpretation of some epidemiological and prospective
interventional clinical studies are controversial.

Vitamin D is the principal mediator of the beneficial effects
of sun exposure [9]. The human body manufactures 80%—
90% of its Vitamin D via UV exposure, and 10%—-20% is
from nutrients absorbed in the small intestine. Food sources
include salmon, mackerel, eel, tuna, eggs, milk, yogurt, and
mushrooms [10]. Vitamin D is metabolized in the liver as Vita-
min D3 (cholecalciferol), with 25-hydroxyvitamin D [25(OH)D]
excreted by the kidney [11]. The small intestine is the organ
showing highest expression of Vitamin D receptors (VDR).
Furthermore, 1a,25-dihydroxyvitamin D3 [1,25(OH),D;] (also
called calcitriol), the most active Vitamin D metabolite, has
many important homeostatic actions. Serum levels of 25(0OH)
D formed upon exposure to sunlight never exceed 60 ng/
mL [12]. According to the Mayo Clinic reference ranges, total
serum 25(OH)D levels range from 30-80 ng/mL. Vitamin D
insufficiency is defined as a 25(OH)D level of < 30 ng/mL,
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whereas deficiency is defined as < 20 ng/mL (values < 10
ng/mL are considered extremely low). By contrast, a 25(OH)
D level of =2 80 ng/mL is defined as possible toxicity [13].

Vitamin D deficiency is pandemic and currently one of
the major global health issues. Vitamin D deficiency affects.
more than 1 billion children and adults worldwide. Pregnant
women, people of color (Black, Hispanic, and anyone with
increased skin melanin pigmentation), obese people, and
people who avoid direct sun exposure are at high risk [14].
Vitamin D deficiency is prevalent in Europe, China, India, the
Middle East, Southeast Asia, Central and South America, and
Africa, where foods are not fortified with Vitamin D. It is esti-
mated that approximately 30% of children and 60% of adults
worldwide are either Vitamin D deficient or insufficient [15].
The major cause of deficiency is lack of sufficient sun expo-
sure. Skin coloration and aging are two primary physiological
factors underlying low levels of Vitamin D production. Very
few foods contain Vitamin D as natural ingredient [16,17].

In the remainder of this article, we review the role of Vita-
min D in CRC, as well as the results of clinical studies. We
also discuss epidemiological and human intervention studies,
and possible reasons why evidence for an effect of Vitamin D
supplementation remains inconclusive.

METABOLISM OF VITAMIN D IN CRC

Calcitriol metabolism
Calcitriol has many important homeostatic actions in the small
intestine. Of the four forms of Vitamin D (Vitamin D3, Vitamin
D2 [ergocalciferol], calcidiol, and calcitriol), Vitamin D3 is al-
most exclusively produced after exposure to sunlight, while
Vitamin D2 is obtained from plants. They are transported to
the liver and converted to calcidiol, the active form of Vitamin
D in the body. Calcidiol is converted to calcitriol mainly in the
kidney (Fig. 1).

The three cytochrome P450s (CYPs) involved in Vitamin D
metabolism are CYP27A1, CYP27B1, and CYP24B1. In the
liver, CYP27A1 hydroxylates Vitamin D to 25(OH)D. Then,
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CYP27B1 catalyzes conversion of 25(OH)D to its active form,
calcitriol, in the kidney; the latter exerts a biological effect in
humans. When calcitriol levels increase, CYP24A1 converts
calcitriol to its water-soluble inactive form, calcitroic acid.
CYP24A1 is highly expressed in cancer tissues, where it pro-
motes cancer progression by neutralizing Vitamin D, which
may have antitumor effects. Knockdown of CYP24A1 and
calcitriol may be a potential treatment for carcinoma cells [18-
20].

Effects of calcitriol in the colon

The physiological role of Vitamin D is regulation of calcium
and phosphate metabolism, which accounts for its broader
range of biological functions, including potential anti-neo-
plastic effects. Calcitriol, a biologically active form of Vitamin
D, plays an important role in calcium metabolism and bone
mineralization [21]. VDRs are highly expressed in the gut,
mediate the biological actions of the calcitriol, and play a
crucial role in immune regulation, proliferation, and intestinal
homeostasis.

Calcitriol promotes differentiation of epithelial cells to main-
tain the intestinal epithelial barrier [8]. It also contributes to in-
testinal homeostasis by exerting complex effects on immune
cells, inducing expression of xenobiotic detoxifying enzymes,
and regulating the gut microbiota. In CRC, calcitriol inhibits
angiogenesis as well as proliferation, and invasion of carcino-
ma cells, and sensitizes them to apoptosis.

The composition of the gut microbiome of colorectal
cancer patients and healthy people is different. The human
colon microbiota has many Bacteroidetes and Bifidobacteri-
um species, which may have beneficial roles in maintaining
health, whereas CRC patients have disease-associated gut
microbes, such as Parvimonas micra, Fusobacterium nuclea-
tum, Porphyromonas, and Bacteroides fragilis [22,23]. In a
mouse model, Vitamin D deficiency aggravated the deterio-
ration of enteritis and intestinal cancer, and these conditions
were improved after Vitamin D supplementation. Further, Vi-
tamin D plays a role in the regulation of colon barrier integrity

1,25(0H),D,
(calcitriol)

‘Active form’

Figure 1. The four major forms of Vi-
tamin D; Vitamin D3 (cholecalciferol),
Vitamin D2 (ergocalciferol), calcidiol,
and calcitriol.



mediated by the probiotic intestinal bacterium, Akkermansia
muciniphila [24]. According to a systematic Review of Hu-
man Studies, Vitamin D supplementation and/or an elevated
25(0OH)D level induce(s) a shift in bacterial composition and
can affect the species diversity. Vitamin D supplementation
upregulates Firmicutes, Actinobacteria and Bacteroidetes
phyla, and downregulates Veillonellaceae and Oscillospirace-
ae families, in the Firmicutes phylum [25].

MECHANISMS OF VITAMIN D ACTION IN
CRC

Calcitriol interferes with the growth and invasiveness of car-
cinoma cells by promoting differentiation of epithelial cells;
these cells act as a barrier, interfere with migration of carcino-
ma cells through the extracellular matrix, maintain homeosta-
sis by facilitating normal immune responses, and regulate the
composition of the microbiota. Calcitriol promotes apoptosis
by regulating the expression of genes related to apoptosis
[26]. Calcitriol also upregulated the differentiation of colon
carcinoma cells by inducing E-cadherin and the inhibition
of B-catenin signaling [27]. Calcitriol acts by binding to the
high-affinity VDR, expression of which is increased in hyper-
plastic polyps during the early stages of tumorigenesis, but
falls at the later stages of neoplasia [28].

Many mechanistic studies demonstrate that calcitriol in-
hibits proliferation and promotes epithelial differentiation of
VDR-expressing human colonic carcinoma cell lines. A key
action underlining this effect is multilevel inhibition of Wnt/
B-catenin signaling, abnormal activation of which in colon epi-
thelial cells triggers and promotes CRC [29].

Anti-proliferative activity

Calcitriol inhibits proliferation of carcinoma cells by inducing
G1 cell cycle arrest which is attributable to upregulation of
the cell cycle inhibitors p21"7"“" and p27*"". The promotor
region of p21 contains Vitamin D response elements; there-
fore, calcitriol can regulate transcription of p21 gene directly.
TGF-B, which inhibits epithelial proliferation, is disrupted in
CRC. Calcitriol induces expression of the TGF-B1 receptor to
restore TGF-B sensitivity [30-33].

Regulation of the Wnt signaling pathway

The Wnt/B-catenin pathway is activated primarily during em-
bryonic development; however, it also contributes to homeo-
stasis of other tissues. The pathway is activated aberrantly
in several carcinomas, including CRC, and is implicated in
expression of several genes that contribute development and
progression carcinogenesis. Active Vitamin D inhibits Wnt/
B-catenin signaling via multiple pathways. CRC contains
approximately 4.5 times more Wnt/B-catenin-stained cells
than normal colon cells. Activation of Wnt/B-catenin occurs
early in CRC, and in most cases of CRC, one to two genes
in this pathway harbor mutations. The pathway is activated
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by mutation of genes encoding APC, CTNNB1/p-catenin, or
AXIN, or by dysregulation of the Wnt receptor. As a result,
-catenin accumulates in the cytoplasm and nucleus, while
expression of target genes c-MYC, TCF1, LEF1, as well as
transcription of AXIN2, PPARS, CD44, ENC1, and EPHB2,
is increased. This appears to be dependent on expression of
the VDR. Calcitriol promotes VDR/B-catenin binding, reduces
the amount of B-catenin bound to TCF, induces expression
of the CDH1 gene encoding E-cadherin (which sequesters
B-catenin), and increases extracellular expression of the Wnt
inhibitor DKK-1 [19,34-38].

Anti-angiogenic effects

VEGEF is required for formation of the new blood vessels nec-
essary for growth and dissemination of solid tumors. Calcitriol
inhibits transcription and expression of Hypoxia-inducible
factor-1 (HIF-1), and decreases expression of VEGF. Calcitri-
ol triggers antiangiogenic effects through NF-«B signaling,
and the nuclear proteins fork into headbox M1 (FOXM1) and
Dickkopf 4 (DKK4). It also inhibits interleukin-8 (IL-8), an im-
portant angiogenic factor [39].

Apoptoic effects

Vitamin D affects apoptosis of CRC cells. Calcitriol suppress-
es expression of anti-apoptotic proteins such as BCL-2,
BAG1, and BCL-XL, and induces expression of pro-apoptotic
proteins BAX, BAK, and BAD. Calcitriol facilitates the release
of cytochrome ¢ from mitochondria which leads to activation
of caspases 3 and 9 [26]. Colonic epithelial VDR inhibits
apoptosis of epithelial cells by downregulating p53 upregu-
lated modulator of apoptosis (PUMA), an important proapop-
totic regulator that protects the mucosal barrier and reduces
inflammation [40].

Chemopreventive role of Vitamin D in CRC
Vitamin D plays role chemoprevention of CRC [41]. It exerts
anti-proliferative effects in human colon cells by inducing
cell cycle arrest through p21"7"“" and p27“7; it restores
sensitivity to TGF- signaling, interferes with the synthesis of
growth factors, regulates differentiation, and exerts anti-can-
cer effects by inducing apoptosis. Calcium intake reduces
the risk of CRC. Vitamin D exerts an anti-inflammatory effect
by interfering with the synthesis of prostaglandins, stress-ac-
tivated kinase signaling, and production of proinflammatory
cytokines, as well as acting as a potent inhibitor of tumor
cell-induced angiogenesis, inhibiting stress-activated kinase
signaling, and inducing mitogen-activated protein kinase,
all of which have an anti-cancer effect. Vitamin D-activated
maternally expressed gene 3 (MEG3) suppresses glycolysis
in CRC by promoting degradation of c-Myc [8,37,42,43]. The
anti-cancer effects mediated by Vitamin D signaling are illus-
trated in Figure 2.
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THERAPEUTIC ROLE OF VITAMIN D IN CRC

The numerous antitumor effects of Vitamin D suggest that
supplementation would be effective in reducing the occur-
rence, size, or recurrence of tumors. However, many studies
show that supplementation with Vitamin D does not in itself
have a statistically significant clinical effect. The VITamin D
and OmegA-3 TriaL (VITAL) study showed no association
between Vitamin D supplementation and reduced risk of
colorectal adenoma (CRA) or serrated polyps [44]. However,
the COLON (COlorectal cancer: Longitudinal, Observational
study on Nutritional and lifestyle factors that may influence
colorectal tumor recurrence, survival and quality of life) study
showed that supplementation with = 50 nmol/L, coupled with
a high magnesium intake (median split) (hazard ratio [HR],
0.53; 95% confidence interval [CI], 0.31-0.89), lowered the
mortality in CRC patients [45]. MDL-811, a small-molecule
activating sirtuin 6 (SIRT6) synergically enhances the an-
ti-CRC effect of Vitamin D both in vitro and in vivo [46]. Pro-
moter methylation of secreted frizzled-related protein, an Wnt
antagonist was decreased in patients who had higher levels
of Vitamin D. Maintaining a high concentration of Vitamin D,
therefore, may increase the response to neoadjuvant treat-
ment [47].

OBSERVATIONAL STUDIES ON THE
EFFECTS OF VITAMIN D IN CRC

The hypothesis that Vitamin D protects against colon cancer
arose from a study on the geographic distribution of colon
cancer mortality in the US. The study by Garland [48] showed
an inverse association between annual mean daily solar ra-
diation and age-adjusted rates of colon cancer-related. The
result of study is considered to support the hypothesis that
there is a relationship between Vitamin D and CRC.
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Figure 2. Anti-cancer effects mediat-
ed by Vitamin D signaling pathways.

Serum 25(0OH)D levels and the risk of CRC

It is generally accepted that 25(OH)D levels of > 30 ng/mL
(75 nmol/L [1 ng/mL = 2.5 nmol/L]) are sufficient, with 20-29
ng/mL regarded as insufficiency and < 20 ng/mL (50 nmol/L)
defined as Vitamin D deficiency [49,50]. Ng et al. [51] mea-
sured serum 25(OH)D levels prospectively in 515 patients
with stage IV CRC, all of whom were enrolled in a random-
ized controlled trial (RCT) of chemotherapy (the N9741 trial).
Subgroup analysis revealed that Vitamin D deficiency (50%
had < 20 ng/mL; 82% had < 30 ng/mL) was highly preva-
lent in all patients with stage IV CRC. The researchers also
demonstrated that median serum 25(OH)D levels in black
patients were lower than those in white patients and those of
other races (10.7 vs. 21.1 vs. 19.3 ng/mL, respectively; P =
0.001), and also lower in females than in males (18.3 vs. 21.7
ng/mL, respectively; P = 0.0005) [51]. In general, black peo-
ple show lower cutaneous synthesis of Vitamin D in response
to solar radiation [52], and the higher levels of adipose tissue
in females than in males may result in lower 25(OH)D levels
[53]. A recent large cohort study by Yuan et al. [54] reported
Vitamin D deficiency (63% had < 20 ng/mL; 94% had < 30
ng/mL) in 1,041 patients with previously untreated advanced
or metastatic CRC.

Many observational studies have examined the association
between serum 25(0OH)D levels and the incidence of CRC;
the evidence for inverse association between serum 25(0OH)D
levels and CRC incidence seems relatively strong. A nested
case-control study from the Women’s Health Study based on
274 CRC cases and 274 controls revealed that the mean se-
rum 25(OH)D level was lower in cases than in controls (21.9
vs. 23.9 ng/mL, P = 0.01), and that serum 25(OH)D levels
were inversely associated with CRC (quartile 4 vs. quartile 1;
odds ratio [OR], 0.45; 95% Cl, 0.25-0.81; P for trend=0.02) [55].

A recent meta-analysis of 17 cohorts comprising 5,706
CRC cases and 7,107 controls with a wide range of serum



25(0OH)D levels shows that deficiency of 25(OH)D (< 20 ng/mL)
is associated with a 31% higher CRC risk (relative risk [RR],
1.31; 95% CI, 1.05-1.62), and that sufficiency (30-35 or
35-40 ng/mL) is associated with 19% (RR, 0.81; 95% ClI,
0.67-0.99) and 27% (RR, 0.73; 95% CI, 0.59-0.91) low-
er risk [56]. In this analysis, higher serum 25(OH)D levels
showed a significant association with female, but not male,
sex for lowering the risk of CRC [56]. Another meta-analysis
of 30 studies from 1989 to 2019 also indicates a negative as-
sociation between serum 25(OH)D levels and CRC risk (RR,
0.68; 95% CI, 0.60-0.78); a subgroup analysis showed that
this difference was significant in females (RR, 0.57; 95% ClI,
0.43-0.75) but not in males (RR, 0.91; 95% CI, 0.75-1.11).
One interesting subgroup analysis in this study revealed
that higher serum 25(OH)D levels are significantly related to
a lower incidence of CRC in European and American (RR,
0.67; 95% CI, 0.58-0.76), but not in Asian, populations (RR,
0.84; 95% CI, 0.58-1.22) [57]. However, a meta-analysis
of eight case-control studies from Asian countries (a total of
2,916 cases and 6,678 controls; mean serum 25(OH)D level
= 20.21 £ 7.92 ng/mL [3.65-36.5 ng/mL]) revealed that the
incidence of CRC was lower in the highest category than
in the lowest (OR, 0.75; 95% CI, 0.58-0.97), although this
meta-analysis identified heterogeneity among the studies (I
= 53.9%; P = 0.034) because the definition of serum 25(0OH)
D categories differed across studies [58]. A dose-response
meta-analysis shows that an incremental increase in serum
Vitamin D level of 16 ng/mL yields a 21% reduction in the
incidence of CRC (OR, 0.79; 95% ClI, 0.64-0.97) [58], sug-
gesting that a higher serum 25(OH)D concentration is associ-
ated with a reduced risk of CRC in Asian countries, similar to
Western populations.

With respect to the association between serum 25(OH)D
levels and colorectal polyps, several meta-analyses of obser-
vational studies show an inverse association between serum
25(OH)D levels and CRA in both Western and Asian popu-
lations [57,59-62]. A recently published meta-analysis of 23
studies showed that the incidence of CRA correlated inverse-
ly with serum 25(OH)D levels (RR, 0.80; 95% CI, 0.71-0.89)
[57]. This inverse association was significant in females (RR,
0.63; 95% Cl, 0.45-0.89) but not in males (RR, 0.89; 95% Cl,
0.68-1.16), and in European and American (RR, 0.82; 95%
Cl: 0.75-0.91), but not Asian (RR, 0.67; 95% Cl, 0.40-1.14),
populations [57].

Serum 25(0OH)D levels and survival of CRC
patients

Previous observational studies suggest that higher serum
25(0OH)D levels are associated with reduced risk of CRC.
However, the effect and role of Vitamin D on disease pro-
gression and outcome remain unknown. A meta-analysis
that included five notable prospective cohort studies from
2008-2012 (a total of 2,330 CRC patients with a follow-up
of 2.7-24 years) estimated the association between serum
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25(0OH)D levels and survival [63]. The analysis included pa-
tients from four Western studies and one Asian study [51,64-
67]. The highest category was associated with much lower
overall (HR, 0.71; 95% CI, 0.55-0.91) and disease-specific
(HR, 0.65; 95% CI, 0.49-0.86) mortality of patients than the
lowest category despite the heterogeneous 25(OH)D catego-
rization among individual studies [63].

A concentration-response sub-analysis revealed that an
increase in the serum 25(OH)D level by 8 ng/mL was associ-
ated with reduced overall (HR, 0.91; 95% Cl, 0.81-1.01) and
disease-specific (HR, 0.90; 95% CI, 0.84—0.97) mortality [63].

Yuan et al. [54] measured serum 25(OH)D levels prospec-
tively in 1,041 patients with previously untreated advanced
or metastatic CRC; all patients were participating in a phase
3 RCT (CALGB/SWOG 80405) of chemotherapy. They
showed that the highest quintile (= 24.1 ng/mL) was asso-
ciated with improved overall (HR, 0.66; 95% ClI, 0.53—-0.83)
and progression-free (HR, 0.81; 95% CI, 0.66—1.00) survival
when compared with the lowest quintile (< 10.8 ng/mL) [54].
This finding was consistent regardless of prognostic factors.
Two recent meta-analyses by Wu et al. [68] and Huang et al.
[57] have been published. The former analyzed 17,770 CRC
patients from 17 studies and showed inverse association be-
tween high versus low 25(OH)D levels and overall (HR, 0.64;
95% Cl, 0.55-0.72) and CRC-specific (HR, 0.65; 0.56-0.73)
survival. A pooled concentration-response analysis revealed
a 7% reduction (HR, 0.93; 95% CI, 0.90-0.95) in all-cause
mortality and a 12% reduction (HR, 0.88; 95% CI: 0.84, 0.93)
in CRC-specific mortality per 8 ng/mL increment in the serum
25(0OH)D level [68]. The latter, which included 12 studies,
also demonstrated that higher serum 25(OH)D levels lead
to more favorable results regarding overall (HR, 0.69; 95%
Cl, 0.61-0.78) and CRC-specific survival (HR, 0.64; 95% ClI,
0.56-0.73) [57].

Interventional studies on the effects of Vitamin
D in CRC
Vitamin D supplements comprise either Vitamin D3 or Vita-
min D2. Vitamin D2 has less than one-third the potency and
a shorter duration of action than Vitamin D3 with respect
to increasing serum 25(0OH)D levels [69]. Previous studies
suggest that Vitamin D3 is better than Vitamin D2 for patients
who require Vitamin D supplementation [69-71]. A Cochrane
review showed that Vitamin D2 did not confer a mortality
benefit [72]. Vitamin D supplements vary in concentration
from 400 international units (IU) (low dose) to 5,000 1U (high
dose). To prevent Vitamin D deficiency, the Institute of Med-
icine recommends a daily intake of 600 IU per day, with a
maximum recommended intake of 4,000 IU per day [73].
For those aged over 70 years, 800 IU is recommended. The
Endocrine Society’s recommendation is a daily allowance of
1,500-2,000 IU, with an upper limit of 10,000 IU for adults
[73].

Previous observational studies show that higher serum
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25(0OH)D levels are associated with CRC incidence and sur-
vival rates; however, observational studies cannot address
whether higher 25(OH)D levels cause a reduction in CRC
incidence and/or improve outcomes. Animal studies show
that Vitamin D analogs (BGP-13 and BGP-15) inhibit growth
and induce apoptosis of human HT-29 tumor xenografts [74].
Also, adjuvant treatment using Vitamin D analogs PRI-2191
and PRI-2205 plus chemotherapy shows stronger antitumor
effects than chemotherapy alone (5-fluorouracil, irinotecan, or
oxaliplatin) [75,76].

Vitamin D intake and the risk of CRC

From 1996—-1997, Trivedi et al. [77] conducted an RCT of
2,686 participants (2,037 males and 649 females) over the
age of 65 years to determine the effect of Vitamin D on frac-
tures and mortality; patients took one capsule (100,000 IU)
of Vitamin D3 or placebo every 4 months for 5 years. After 5
years, the mean 25(OH)D levels in the treatment and placebo
groups were 29.7 ng/mL (+ 8.3) and 21.4 ng/mL (x 8.4), with
28 and 27 cases of CRC, respectively (adjusted RR, 1.02;
95% CI, 0.60-1.74; P = 0.94) [77]. However, this study was
limited by a small sample size (for CRC) and a short follow-up
period. An RCT involving 36,282 post-menopausal females
from 40 Women'’s Health Initiative (WHI) centers conducted
from 1995-2005 provided participants with 1,000 mg of cal-
cium carbonate and 400 IU of Vitamin D3 daily, or placebo;
the average follow-up was 7.0 years (+1.4). The aim was to
determine the potential preventative effects against CRC [78].
The incidence of CRC did not differ between the intervention
and placebo groups (168 vs. 154 cases, respectively; HR,
1.08; 95% CI, 0.86—1.34; P = 0.51) [78]. However, this study
had several limitations: the Vitamin D intake was too low to
determine the significance of Vitamin D status between the
groups (data regarding changes in serum 25(OH)D levels
were not provided), there was poor treatment adherence, and
the placebo group was allowed to take supplements outside
of the study.

Post-hoc analysis of the 15,646 females (43%) who were
not taking calcium or Vitamin D supplements outside of the
study revealed that the risk of CRC in the intervention group
fell by 17% when compared with that in the placebo group
(HR, 0.83; 95% ClI, 0.60-1.15; P = 0.27) [79]. A nationwide
long-term RCT (VITAL) conducted from 2011-2017 in the US
(25,871 participants [5,106 black]; age > 50 years) investi-
gated the effects of Vitamin D on preventing invasive cancer
and cardiovascular disease [80]. Participants were given
Vitamin D3 of 2,000 IU/day or placebo over a median period
of 5.3 years (3.8-6.1) [80]. The 40% increase in 25(0OH)D
levels (from 29.5 ng/mL to 41.8 ng/mL) after supplementation
with Vitamin D did not result in a lower incidence of invasive
cancer of any type (HR, 0.96; 95% CI, 0.88-1.06; P = 0.47),
including CRC (51 cases vs. 47 cases; HR, 1.09; 95% ClI,
0.73-1.62) compared with the placebo group; changes in
25(0OH)D levels were insignificant [80].
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Table 1. Summary of primary clinical trials examining Vitamin D supplementation and the incidence of CRC
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400 IU +

Post-

WHI

Wactawski-Wende

menopausal 1,000 mg/d of Ca

(females only)

(2006) [78]

438vs. 442 0.99 0.89-1.09

CRA incidence

intervention group

7.8 increasing in
42.5vs.30.9

45-75 1,000 1U/d 3or5

N/A 2,259

[82]
Lappe (2017)

Baron (2015)

45 vs. 64 0.70 0.48-1.02

All cancer mortality

4

=55 2,000 U +

2,303

CAPS

(CRC: 4 vs. 6)
CRC incidence

1,500 mg/d of Ca
2,000 IU /d

(females only)

25,871

811

Manson (2019)

1.09 0.73-1.62

51 vs. 47

41.8 (40% increasing)

5.3

=50

VITAL

vs. minimal change

[80]
Ca, calcium; CRA, colorectal adenoma; CRC, colorectal cancer; HR, hazard ratio; Cl, confidence interval; IU, international unit; WHI, Women’s Health Initiative; VITAL, VITamin D and

OmegA-3 TriaL.




A 4-year population-based RCT (CAPS) of 2,303 elderly
females was conducted to determine whether supplementa-
tion with Vitamin D3 plus calcium reduced the risk of cancer
among post-menopausal females [81]. The intervention
group received 2,000 1U/d of Vitamin D3 and 1,500 mg/d
of calcium; the mean 25(OH)D level (42.5 ng/mL [95% ClI,
41.7-43.3)) in the intervention group did not result in a sig-
nificantly lower risk of cancer of any type (3.89% vs. 5.58%;
95% ClI, —0.06% to 3.46%; P = 0.06), including CRC (four
cases vs. six cases), compared with the placebo group (30.9
ng/mL [95% ClI, 30.2-31.6]) after 4 years [81]. A study similar
to the VITAL and CAPS studies was conducted in Finland.
The Finnish Vitamin D (FIND; NCT01463813) trial is a 5-year
supplementation study of whether Vitamin D (D3 3,200 IU/d vs.
1,600 1U/d vs. placebo) prevented cardiovascular disease and
cancer among 2,500 males and females aged 60+ years.
The study has been completed and the results are awaited.

A study of whether Vitamin D prevents CRA examined
2,259 participants recently diagnosed with adenoma within
the previous 4 months; patients were randomly assigned to
receive daily calcium (1,200 mg) and Vitamin D3 (1,000 1U) or
placebo A follow-up colonoscopy was performed 3 or 5 years
after the index colonoscopy [82]. Overall, 43% of participants
had metachronous adenoma at follow-up; neither Vitamin D
alone (adjusted risk ratio, 0.99; 95% CI, 0.89-1.09) nor Vita-
min D plus calcium (adjusted RR, 0.93; 95% CI, 0.80-1.08)
showed significant efficacy for preventing colorectal polyps,
regardless of the degree of change in serum 25(OH)D levels
[82].

Thus, trials published to date show that Vitamin D supple-
mentation does not prevent CRC or CRA (Table 1). However,
the study by Trivedi had a small sample size, the WHI study
used a dosage that was too low for significance and reported
poor compliance, and the primary objective of the VITAL and
CAPS trials was not the incidence of CRC. Therefore, further
research is necessary to assess the possible roles of Vitamin
D in preventing CRC.

Vitamin D intake and survival of CRC patients

Clinical trials assessing the benefits of Vitamin D supple-
mentation in patients with CRC are warranted. An RCT by
Trivedi et al. [77] showed that subgroup mortality was not
different between the intervention and placebo groups (7/28
vs. 11/27; RR. 0.62, 95% Cl, 0.24—1.60; P = 0.33). A phase 2
RCT (SUNSHINE) of 139 patients (44.1% male, 77.0% white
race) with advanced or metastatic CRC was conducted from
March 2012 through November 2016 to compare the effect of
high (4,000 1U/d) versus standard (400 1U/d) dose Vitamin D3
supplementation plus standard chemotherapy; the median
follow-up was 22.9 months [83]. Addition of high versus stan-
dard dose Vitamin D3 to standard chemotherapy resulted in
a difference in median serum 25(OH)D levels (34.8 ng/mL
vs. 18.7 ng/mL for standard chemotherapy; P < 0.001), but
showed no significant difference in progression-free survival

Vitamin D and Colorectal Cancer

(13.0 vs. 11.0 months for standard chemotherapy; log-rank P
= 0.07) [83]. However, the multivariate HR (adjusted accord-
ing to prognostic covariates for progression-free survival or
death) was significant (HR, 0.64; one-sided 95% CI, 0-0.90;
P =0.02) [83].

The AMATERASU ftrial enrolled patients with gastrointes-
tinal cancer (stages | to Ill) at a single center in Japan; the
aim was to determine whether post-operative Vitamin D3
supplementation improves survival [84].A total of 417 patients
(48% of whom also had CRC) were assigned randomly to
Vitamin D (2,000 IU/day) or placebo groups during a median
follow-up of 3.5 years. The 5-year relapse-free survival was
not different in overall gastrointestinal cancers (77% vs. 69%;
HR, 0.76; 95% CI, 0.50-1.14; P = 0.18) and CRC (HR, 0.69;
95% ClI, 0.39-1.24; P = 0.22), respectively [84]. A combined
meta-analysis of the SUNSHINE and AMATERASU trials re-
vealed that the HR for progression-free survival of CRC was
0.65 (0.36-0.94) [85].

CONCLUSION

The intestinal tract shows highest expression of VDR. In
addition, calcitriol, the most active Vitamin D metabolite, has
many important homeostatic actions in the intestine. Various
Vitamin D signaling pathways may elicit chemopreventive
and therapeutic effects against CRC. Epidemiological studies
suggest that Vitamin D deficiency increases the incidence of
CRC, and that it has a negative impact on survival of CRC
patients. However, clinical trials assessing the benefits of
Vitamin D supplementation in CRC are inconclusive; thus,
further studies are needed to clarify the role of Vitamin D in
CRC. Future studies should also examine potential genetic
influences on the effects of Vitamin D supplementation (in-
cluding Vitamin D metabolism, expression of the Vitamin D
receptor and/or proteins that bind Vitamin D); such studies
may help to identify patients most likely to benefit from sup-
plements.
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