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Abstract. Vitamin D deficiency has been found to be associ-
ated with a variety of cancers, including prostate, multiple 
myeloma, colorectal and breast cancer. Several studies have 
shown vitamin D levels to have an inverse relation with cancer 
mortality, while others have considered it a potential risk factor. 
Vitamin D is believed to influence cancer prevalence, risk and 
survival; hence the need to assess vitamin D levels in cancer. 
Although numerous studies have been conducted to demon-
strate vitamin D deficiency as a risk factor for cancer, relatively 
few have studied its prevalence. Moreover, studies estimating 
prevalence differ from each other, with respect to study 
population, sample size, study design, definition of vitamin 
D deficiency used and method of vitamin D assessment (with 
most studies limited to one particular type of cancer with rela-
tively small sample sizes). Therefore, we qualitatively reviewed 
the epidemiological evidence in the oncology literature on 
the prevalence of vitamin D deficiency and insufficiency as 
measured by serum vitamin D concentrations. 
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Introduction

Vitamin D is the prehormone important for maintaining 
normal calcium homeostasis and mineralization of the skel-
eton. Humans acquire vitamin D from exposure to sunlight, 
from their diet and from dietary supplements (1). Vitamin D 
produced in the skin upon sun exposure or ingested from the 
diet is converted in the liver to 25-hydroxyvitamin D [25(OH)
D], the major circulating form of vitamin D used for evaluating 
the vitamin D status of patients. 25(OH)D is hydroxylated in 
the kidneys to form the biologically active metabolite 1,25-
dihydroxyvitamin D [1,25(OH)2D] (1,2).

Although the biologically active form of vitamin D is 
1,25(OH)2D, it is not considered a good biomarker due to its 
short half-life and tight homeostatic control (3). Serum 25(OH)
D is an excellent biomarker of vitamin D status, representing 
both cutaneous synthesis and dietary intake (4). Adequate 
levels of vitamin D depend on age and therefore definitions 
of vitamin D deficiency vary. The appropriate thresholds 
for vitamin D deficiency are debated (4,5). The most widely 
accepted optimal level of serum 25(OH)D is 35-55 ng/ml. 
One study showed that for all health-related end points, the 
most advantageous serum levels for 25(OH)D appear to be 
at least 30 ng/ml, and for cancer prevention desirable levels 
are between 36 and 48 ng/ml (6). The average older man and 
woman need intakes of at least 20-25 mcg (800-1,000 IU) per 
day of vitamin D to reach a serum 25(OH)D level of 30 ng/ml.

Brain, prostate, breast and colon tissues, among others, 
as well as immune cells, have a vitamin D receptor (VDR) 
and respond to 1,25(OH)2D, the active form of vitamin D. In 
addition, some of these tissues and cells express the enzyme 
25-hydroxyvitamin D-1α-hydroxylase that converts 25(OH)D 
to 1,25(OH)2D (7,8). The active form of vitamin D has been 
shown to exert potent cell regulatory effects in cells other than 
those involved in calcium homeostasis. The effects are thought 
to be mediated through the VDR (9). Binding of VDR by 
1,25(OH)2D leads to multiple cellular effects, including induc-
tion of differentiation and apoptosis (10,11) and inhibition of 
proliferation (12), angiogenesis (13) and metastatic potential 
(14,15). Thus, vitamin D is believed to play an important role 
in the etiology and treatment of cancer.

Vitamin D deficiency has been found to be associated 
with a variety of cancers, including prostate (16,17), multiple 
myeloma, colorectal and breast cancer (18). Certain studies 
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have shown vitamin D levels to have an inverse relation with 
cancer mortality (19-25), while others have considered it a 
potential risk factor. Higher vitamin D concentrations are 
associated with a 3-fold decreased risk for pancreatic cancer 
(highest vs. lowest quintile, >26.2 vs. <12.8 ng/ml) (26). Grant 
demonstrated that much of the geographic variation in cancer 
mortality rates in the US can be attributed to variations in 
solar UV-B radiation exposure. Clearly, improving vitamin 
D status appears vital to overall health, particularly in non-
summer months (27). The evidence that higher 25(OH)D levels 
through increased sunlight exposure or dietary supplement 
intake inhibit colorectal carcinogenesis is substantial (28,29). 
The biologic evidence for an anti-cancer role of 25(OH)D is 
also strong for prostate cancer, but the epidemiologic data 
have not been supportive (30). The above data indicate that 
vitamin D influences cancer prevalence, risk and survival and 
hence the need to assess vitamin D levels in cancer. 

Although numerous studies have been conducted to 
demonstrate vitamin D deficiency as a risk factor for cancer, 
relatively few have studied its prevalence. Most of the studies 
estimating prevalence have been limited to one particular 
type of cancer with relatively small sample sizes. Therefore, 
we qualitatively reviewed the epidemiological evidence in 
the literature on the prevalence of vitamin D deficiency and 
insufficiency as measured by serum 25(OH)D concentrations. 

2. Search strategy and selection criteria

We performed a systematic search of the literature using the 
MEDLINE database (January 2000 through May 2010) to 
identify articles on the prevalence of serum vitamin D defi-
ciency and insufficiency in cancer. We searched using the terms 
‘cancer/carcinoma’ in combination with ‘vitamin D deficiency’, 
‘vitamin D insufficiency’ and ‘serum vitamin D/25(OH)D 
levels/concentration’. We also searched the bibliographies of the 
selected studies to identify relevant articles that we might have 
missed during the primary MEDLINE search. To be included 
in the review, a study must have been published in English, 
must have reported on data collected in humans with cancer, 
must have had measured serum vitamin D or serum 25(OH)
D at single or multiple time points and must have utilized any 
of the following study designs (case-control, cohort, cross-
sectional, prospective, retrospective, case series, longitudinal, 
clinical trial). There were no restrictions according to age, 
ethnicity, type or stage of cancer. As we were interested in 
empirical reports that had investigated the prevalence of serum 
vitamin D deficiency and insufficiency in cancer, we did not 
include letters and meeting abstracts. All studies reviewed in 
this report are summarized in tables under separate headings 
and arranged chronologically by the year of publication. 

3. Quality assessment

Although we did not formally rate the quality of reports we 
reviewed, we recorded and presented information on variables 
that may reflect the quality of reporting. The variables included 
years of data collection, study design, sample size, cancer type 
and stage, definition of vitamin D deficiency used, vitamin D 
assessment method, prevalence reported and supplementation 
recommended.

4. Studies on deficiency and insufficiency of serum 
vitamin D in breast cancer

Table I describes studies investigating the deficiency and 
insufficiency of serum vitamin D in patients with breast 
cancer. The studies are arranged chronologically by the year 
of publication.

Nogues et al reported a prevalence of 85-92% of vitamin D 
deficiency in breast cancer patients. In their study, treat-
ment with 16,000 IU of vitamin D every 2 weeks increased 
vitamin  D plasma levels significantly in ~76.5% of subjects 
with baseline vitamin D deficiency (plasma levels <30 ng/
ml) over 3 months of follow-up. Notably, in the few subjects 
that had baseline vitamin D levels ≥30 ng/ml, despite being 
prescribed vitamin D supplements (800 IU), their vitamin D 
levels did not increase significantly (31). Neuhouser et  al 
assessed serum 25-25(OH)D status and its relationship to 
breast density in 426 breast cancer survivors. Most partici-
pants (76.8%) had vitamin D insufficiency or frank deficiency. 
No association of serum 25(OH)D with either breast density or 
breast dense area was observed. It was concluded that, despite 
the strong association of mammographic density with breast 
cancer risk, the mechanism is not likely to be mediated by 
vitamin D (32). Khan et al reported the safety and efficacy of 
vitamin D supplementation using 50,000 IU weekly on post-
menopausal women. In their study, the prevalence of vitamin 
D deficiency was 63%. They also studied the effect of vitamin 
D-ss (standard supplementation) and vitamin D-HD (high 
dose) supplementation on serum 25(OH)D levels. Their results 
suggested that 50,000 IU of vitamin D3, when administered 
weekly to postmenopausal women starting adjuvant letrozole, 
resulted in clinically significant improvement in disability 
from joint symptoms (33). 

Crew et al reported a prevalence of 74% of vitamin  D 
deficiency in breast cancer patients. They also observed that 
400 IU of cholecalciferol daily for 1 year increased serum 
25(OH)D levels only modestly, by <3 ng/ml, in only 15% of 
premenopausal women. Although the DRI for vitamin D in pre-
menopausal women is only 200 IU daily, their study suggested 
that a dose of 400 IU daily was inadequate in breast cancer 
patients, even to maintain skeletal health, and was probably 
too low for meaningful anticancer effects (34). Rainville et al 
observed the vitamin D status in different breast cancer pheno-
types: luminal A, luminal B, HER2+/ER- and triple-negative. 
When assessing all of the breast cancer patients (91 total), it 
was found that 54 patients (62%) had baseline vitamin D levels 
in the deficiency range <32 ng/ml. Thirteen of the fifteen triple-
negative breast cancer patients (87%) were found to be vitamin 
D deficient, prior to initiation of adjuvant therapy. These data 
may suggest that low vitamin D levels are more prevalent in 
triple-negative phenotype (35). Waltman  et  al determined 
whether serum 25(OH)D concentrations were below normal 
(<30 ng/ml) in 29 breast cancer survivors receiving aromatase 
inhibitor therapy and whether musculoskeletal symptoms were 
related to these low vitamin D levels. The mean (SD) serum 
25(OH)D level was 25.62 (4.93) ng/ml; 86% (n=25) had levels 
<0 ng/ml. The prevalence of vitamin  D insufficiency in this 
sample was high despite the fact that their mean daily intake of 
vitamin D supplements was 665 IU and the mean time in the 
sun in the past week was reported as 39 min (36). 
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Neuhouser et al described the vitamin D status in a breast 
cancer survivor cohort of 790 women. Five hundred and 
ninety-seven (75.6%) of the women had low serum 25(OH)
D, suggesting vitamin D insufficiency of 69.4% (levels from 
10 to <32 ng/ml) and frank deficiency of 6.2% (levels <10 ng/
ml). Women with localized (n=424) or regional (n=182) breast 
cancer had lower serum 25(OH)D than did women with 
in situ disease (n=184) (P=0.05 and P=0.03, respectively) (37). 
Wang-Gillam et al examined the prevalence of vitamin  D 
deficiency in 321 breast cancer patients treated with bispho-
sphonates. Two hundred and nine (65.1%) had their 25(OH)
D levels checked at least once. Of these patients, 57 (27.3%) 
had a serum 25(OH)D level <20 ng/ml. Only 113 (42.3%) 
of 267 patients who were prescribed a bisphosphonate for 
osteoporosis also took a daily vitamin  D supplement, and 
among metastatic bone disease patients, the rate for vitamin D 
supplementation was even lower at 13.0%. The study hypoth-
esized that low rates of vitamin D supplementation could 
be one reason for vitamin  D deficiency (38). De Lyra et  al 
investigated the serum levels of 25(OH)D3 and its active 
form 1,25(OH)2D3 in 88 Brazilian breast cancer patients and 
35 women without cancer. Although no differences in 25(OH)
D3 serum concentration were found, 1,25(OH)2D3 (40±21 pg/
ml) levels in breast cancer patients were lower than in women 
without cancer (53±23 pg/ml). The lack of a difference in the 
serum levels of 25(OH)D3 between women with and without 
breast cancer supports the probability that a low circulating 
concentration of 1,25(OH)2D3 in breast cancer patients is 
not attributed to 25(OH)D3 insufficiency (39). Palmieri et al 
prospectively measured circulating levels of 25(OH)D in 279 
Caucasian women with invasive breast cancer, 204 women 
with early-stage disease and 75 women with locally advanced 
or metastatic disease. The results depicted that patients with 
early-stage breast cancer had significantly higher circulating 
levels of 25(OH)D (mean serum levels 22.8  ng/ml) than 
those with advanced disease (mean serum levels 18.4 ng/ml) 
(P<0.005) (40). 

5. Studies on deficiency and insufficiency of serum 
vitamin D in colorectal cancer

Table II describes studies investigating the deficiency and 
insufficiency of serum vitamin D in patients with colorectal 
cancer (CRC). The studies are arranged chronologically by 
the year of publication.

Charalampopoulos et al determined the serum levels of 
vitamin D metabolites and parathyroid (PTH) in patients with 
colorectal cancer and found: i) no significant difference in the 
serum levels of 25(OH)D3 in each Dukes' clinical stage in 
cancer patients, ii) serum 1,25(OH)2D3 levels decreased with 
advanced cancer stages, and iii) serum levels of PTH showed 
a corresponding increase with advanced cancer stages. Low 
serum levels of 1,25(OH)2D3 on one hand, and increased levels 
of PTH in patients with colorectal cancer on the other, may be 
strongly related to the carcinogenetic process (41). Fakih et al 
carried out a study in the US comprising 315 patients with 
CRC, where 25-OH vitamin D status was dichotomized into 
two categories; ‘very low’ (<15 ng/ml) and ‘low to normal’ 
(>15 ng/ml). Twenty-nine out of 135 (21%) patients in stage 1 
to 3 of CRC had serum levels of vitamin D in the ‘very low’ 

category along with 58 out of 180 (32%) patients in stage 4. It 
was recommended that patients with CRC, particularly those 
receiving chemotherapy, should be considered for aggressive 
vitamin D replacement strategies (42). Niv et al demonstrated 
an inverse correlation between serum levels of the active 
metabolite of vitamin D and colorectal carcinoma stage. The 
study compared serum 1,25(OH)2D3, 25(OH)D3 and PTH 
levels of colorectal carcinoma patients to those of healthy 
controls and found that serum vitamin D metabolite levels did 
not correlate with gender, age, tumor localization or histologic 
grade (43). 

6. Studies on deficiency and insufficiency of serum 
vitamin D in other and multiple cancer sites

Table III describes studies investigating the deficiency and 
insufficiency of serum vitamin D in patients with other as well 
as multiple cancer sites. The studies are arranged chronologi-
cally by the year of publication.

Hofmann et al evaluated within-person variability in 
25(OH)D concentrations across serum samples collected 
at three time points over a 5-year period among 29 partici-
pants in the Prostate, Lung, Colorectal and Ovarian Cancer 
Screening Trial. They observed relatively low within-subject 
variability and fairly high correlations in 25(OH)D measured 
from samples collected at study baseline, after 1 year and 
after 5 years. These findings suggest that serum 25(OH)D 
concentration at a single time point may be a useful biomarker 
of long-term vitamin D status in population-based studies of 
various diseases (44). Laney et al, in a recent pilot study, found 
the levels of vitamin D and the rates of vitamin D deficiency 
to be similar between patients with thyroid nodules, thyroid 
cancer in remission and active thyroid cancer. Vitamin  D 
deficiency (<30 ng/ml) was not significantly different between 
groups and was not affected by season of measurement, age or 
cancer stage. This study did not find any association between 
vitamin D deficiency and the histologic type of thyroid cancer, 
the stage of thyroid cancer or the status of the disease (45). 
Thill et al evaluated the expression of the prostaglandin 
(PG)-metabolizing enzymes COX-2 and 15-hydroxypros-
taglandin dehydrogenase (15-PGDH) compared to the 
vitamin D receptor (VDR) in benign and malignant ovarian 
tissues. Additionally, they determined the 25(OH)2D3 serum 
levels. They detected significantly higher expression of the 
PG-metabolizing enzymes 15-PGDH and COX-2 in malig-
nant tissue, and PGE2 serum levels were 2-fold higher in 
tumor patients. They found mean serum vitamin D levels to 
be 29.15±2.74 ng/ml in healthy women and 25.23±1.57 ng/ml 
in women with ovarian cancer (46).

McCombie et al recruited 25 patients with a history of 
non-melanoma skin cancer, who were not taking vitamin  D 
or calcium supplements, from outpatient dermatology clinics 
at Royal Prince Alfred Hospital, Sydney. Using the target 
value of 20 ng/ml, 12 participants (48%) were vitamin D 
deficient at the end of winter, compared to one (4%) at the end 
of summer. Despite mean reported daily sun exposure falling 
within recommended guidelines, half of the participants 
were vitamin  D deficient at the end of winter, with almost 
all demonstrating reductions in winter 25(OH)D levels (47). 
Nurnberg et  al examined the association between serum 
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25(OH)D levels and clinical and histopathological data among 
205 patients with malignant melanoma. Serum 25(OH)D levels 
were significantly reduced in stage IV melanoma patients 
as compared to stage I melanoma patients (P=0.006). They 
also found a trend towards a greater tumor thickness with 
low (<10 ng/ml) serum 25(OH)D levels (median 2.55  mm) 
as compared to those with 25(OH)D serum levels >20 ng/
ml (median 1.5 mm). Lastly, the patients with low 25(OH)D 
serum levels (<10 ng/ml) had earlier distant metastatic disease 
(median 24.37 months) as compared to those with 25(OH)D 
serum levels >20 ng/ml (median 29.47 months) (48). Trump 
et al in a case control study found the frequency of vitamin 
D deficiency (<20 ng/ml) and insufficiency (20-31 ng/ml) to 
be 40 and 32%, respectively in men with recurrent prostate 
cancer. Among men with localized prostate cancer, 18% were 
deficient, 50% were insufficient and 32% were normal. Among 
controls, 31% were deficient, 40% were insufficient and 29% 
were normal. This study clearly showed a high frequency of 
abnormally low 25-OH vitamin D levels among patients with 
prostate cancer, regardless of disease status or treatment (49). 

Badros et al measured the  prevalence of vitamin D defi-
ciency in 100 multiple myeloma (MM) patients and showed 
that 40% had vitamin D deficiency, defined by serum 25(OH)
D levels <14.4 ng/ml. Thirty-five percent had vitamin  D 
insufficiency, defined by levels of 14.4-30 ng/ml. Only 25% 
had sufficient levels, defined as >30 ng/ml. They found no 
significant correlation between vitamin D status and MM 
activity (remission, relapsed or newly diagnosed), presence 
or absence of lytic bone disease and/or fractures or history of 
osteonecrosis of the jaw (50). Everett et al conducted a study 
in patients at the Lynchburg Hematology-Oncology Clinic, 
where the number of patients tested for the first time from 
May to September were 86, 89, 72, 59 and 81, respectively. Of 
those tested, most had vitamin D levels <30 ng/ml (75.4, 84.1, 
66.6, 69.3 and 63%, respectively). The study concluded that 
oncology clinicians must be aware of the potential negative 
effects of low vitamin D levels in their patient populations 
and should consider testing for and treating this deficiency or 
insufficiency in their practices (51). Reinhold et al measured 
the serum 25(OH)D concentration among subjects in a 
German polyclinic. In >50% of these 174 subjects, the 25(OH)
D concentration was <20 ng/ml. In most subject groups, a 
seasonal decrease of 25(OH)D concentration was observed 
during the winter period. An age-related decrease in such a 
concentration was also observed in subjects with prostatic 
hyperplasia examined in the late summer/early autumn period 
and in female cancer subjects, at the exclusion of patients with 
breast cancer. In the latter patients, however, a positive correla-
tion prevailed between age and 25(OH)D concentration (52). 

Hollender et al carried out a study in patients treated for 
gastric non-Hodgkin's lymphoma and found that of 33 patients 
out of 40 who met for follow-up examination after treatment, 17 
patients had a partial gastrectomy (PG), 9 a total gastrectomy 
(TG) and 7 patients were not operated on. The patients in the 
TG group had significant weight loss. Moreover, the patients 
in the TG group had a lower serum vitamin D than the other 
groups. They further concluded that when surgery is neces-
sary, a PG should be performed when possible and that patients 
should receive dietary advice before leaving the hospital 
after surgery and possibly life-long iron, calcium, vitamin D, 

folate and vitamin B12 supplementation (53). Lammert et al 
measured serum 25(OH)D concentrations in 55 patients with 
neurofibromatosis 1 (NF1) and 58 healthy controls. The mean 
serum 25(OH)D concentration was 14.0  ng/ml among the 
patients with NF1 compared to 31.4 ng/ml among the healthy 
controls (P=0.0001). The strong correlation observed between 
NF1 patients and low serum vitamin D concentrations was 
unexpected. It is possible that patients with NF1 with multiple 
dermal neurofibromas are more likely to cover their skin and 
thus receive less sunlight than patients with NF1 who have 
fewer dermal tumors (54). Plant and Tisman demonstrated 
that out of 60 patients of different cancer types, when 25(OH)
D insufficiency was defined as a serum level of <30 ng/ml, 
43 (72%) patients were found to be insufficient. Even at the 
lower definition of insufficiency, <20 ng/ml, 24 of 60 patients 
(40%) were insufficient. This study showed that the deficiency 
of vitamin D (72%) was prevalent among newly diagnosed 
patients with cancer and could play a role in cancer develop-
ment and host response to tumor and therapy (55). 

Reichrath and Querings tested the hypothesis whether 
low serum levels of 25(OH)D may be a risk factor for the 
development of malignant melanoma. This study found that 
the mean (23.563 ng/ml) and median (24.591 ng/ml) 25(OH)
D serum levels of these melanoma patients were in the normal 
range (20-50 ng/ml), indicating no relationship between serum 
levels of 25(OH)D and development of malignant melanoma 
(56). Tangpricha et al determined the prevalence of vitamin 
D deficiency in an outpatient cancer care clinic at Boston 
University Medical Center. A control group of healthy adults 
without cancer was recruited the previous year during the 
same months. Of the 56 patients with cancer, 27 (48%) had 
vitamin D deficiency (≤ 20 ng/ml), in comparison to only 6 
(12%) of the 50 healthy control subjects (57). 

7. Discussion

Vitamin D inadequacy constitutes a largely unrecognized 
epidemic in many populations worldwide (58-60). It has been 
reported in healthy children (61), adolescents (62) and adults 
(63,64). Lower vitamin D levels are associated with advancing 
age (65,66), female gender (67-69), history of diabetes (70), 
hypertension, greater body mass index (71) and a lower esti-
mated glomerular filtration rate (72). Vitamin D levels vary by 
region and are greater in summer than in winter months (73,74). 
Higher skin melanin levels increase the risk of vitamin D defi-
ciency. Of late, there has been an increasing interest in the role 
of vitamin D in cancer etiology and outcomes and, as a result, 
several studies have reported the prevalence of vitamin  D 
deficiency and insufficiency in patients with different types of 
cancer. However, the existing studies on this topic differ from 
each other with respect to study population, sample size, study 
design, definition of vitamin D deficiency used and method of 
vitamin D assessment. Therefore, we conducted a qualitative 
review of the existing literature with the goal of understanding 
the current status and providing insights on the directions for 
future research.

Twenty-seven studies were reviewed and most (n=12) 
were conducted prospectively to assess the 25(OH)D serum 
levels in different types of cancer patients. The other studies 
included retrospective (n=3), cross-sectional (n=2), case series 

https://www.spandidos-publications.com/10.3892/etm.2011.205


gupta et al:  Vitamin D deficiency and cancer188

Ta
bl

e 
II

I. 
St

ud
ie

s i
nv

es
tig

at
in

g 
th

e 
de

fic
ie

nc
y 

an
d 

in
su

ffi
ci

en
cy

 o
f s

er
um

 v
ita

m
in

 D
 in

 p
at

ie
nt

s w
ith

 o
th

er
 a

nd
 m

ul
tip

le
 c

an
ce

r s
ite

s.

Fi
rs

t a
ut

ho
r,	

D
at

a	
St

ud
y 

de
si

gn
,	

C
an

ce
r t

yp
e,

	
D

efi
ni

tio
n 

of
 v

ita
m

in
 D

	
M

et
ho

d 
of

 v
ita

m
in

 D
	P

r
ev

al
en

ce
 o

f v
ita

m
in

 D
	

R
ec

om
m

en
de

d
ye

ar
, p

la
ce

	
co

lle
ct

io
n	

sa
m

pl
e 

si
ze

	
st

ag
e	

de
fic

ie
nc

y 
(n

g/
m

l)	
m

ea
su

re
m

en
t	

de
fic

ie
nc

y 
(n

g/
m

l)	
su

pp
le

m
en

ta
tio

n
(r

ef
.)							










w
ith

 v
ita

m
in

 D

H
of

m
an

 JN
,	N


A

	
29

 p
ar

tic
ip

an
ts

 in
	P

r
os

ta
te

, l
un

g,
 	N


A

	
H

ea
rtl

an
d 

A
ss

ay
s, 

In
c.

	
Se

ru
m

 le
ve

ls
 a

t b
as

el
in

e 
(n

=2
8)

	N


A
20

10
,		


th

e 
Pr

os
ta

te
, L

un
g,

	
co

lo
re

ct
al

 a
nd

		


(A
m

es
, I

A
, U

SA
)	

M
ea

n 
(S

D
) 2

4.
0 

(1
4.

6)
,

U
SA

 (4
4)

		


C
ol

or
ec

ta
l, 

an
d	

ov
ar

ia
n 

ca
nc

er
		


by

 c
om

pe
tit

iv
e	

M
ed

ia
n 

24
.0

8,
		


O

va
ria

n 
C

an
ce

r	
sc

re
en

in
g 

pt
s		


ch

em
ilu

m
in

es
ce

nc
e-

	
R

an
ge

 1
3.

48
-3

9.
84

 a
t 1

 y
ea

r (
n=

29
)

		


Sc
re

en
in

g 
Tr

ia
l			




im
m

un
oa

ss
ay

 u
si

ng
 th

e	
M

ea
n 

(S
D

) 2
3.

92
 (1

5.
9)

,
					







D
ia

So
rin

 L
ia

is
on

	
M

ed
ia

n 
23

.8
,

					






25

-O
H

 V
ita

m
in

 D
 	

R
an

ge
 1

1.
44

-3
7.

68
 a

t 5
 y

ea
rs

 (n
=2

6)
					







TO
TA

L 
A

ss
ay

,	
M

ea
n 

(S
D

) 2
2.

64
 (1

6.
2)

, 
					







Ita
ly

	
M

ed
ia

n 
22

.0
4,

 
						








R

an
ge

 9
.6

4-
39

.2
8

La
ne

y 
N

,	
15

th
 D

ec
. 2

00
1-

	
R

et
ro

sp
ec

tiv
e 

pi
lo

t	
Th

yr
oi

d	
D

efi
ci

en
cy

, <
30

	
Ta

nd
em

 m
as

s s
pe

c	
A

ct
iv

e 
th

yr
oi

d 
ca

nc
er

, 4
2%

	N


A
20

10
, 	

6t
h 

Fe
b.

 2
00

9	
st

ud
y,

 1
11

; 			



fo

r p
ts

 n
ot

 o
n	

Th
yr

oi
d 

ca
nc

er
 in

 re
m

is
si

on
, 4

4%
U

SA
 (4

5)
		


ac

tiv
e 

th
yr

oi
d			




su
pp

le
m

en
ta

l v
ita

m
in

 D
	

Th
yr

oi
d 

no
du

le
s, 

52
%

		


ca
nc

er
, 2

4;
 			




>8
00

 IU
 p

er
 d

ay
. 	

A
ct

iv
e 

th
yr

oi
d 

ca
nc

er
:

		


re
m

is
si

on
, 4

5;
			




If
 th

ey
 w

er
e 

re
ce

iv
in

g	
  <

19
, 0

/2
4 

(0
%

)
		


no

n-
ca

nc
er

			



vi

ta
m

in
 D

 >
80

0 
IU

 p
er

 d
ay

, 	
  1

0-
30

, 1
1/

24
 (4

6%
)

		


co
nt

ro
ls

 w
ith

			



le

ve
ls

 w
er

e 
as

sa
ye

d 
	

  >
30

, 1
3/

24
 (5

4%
)

		


th
yr

oi
d 

no
du

le
s, 

42
			




ut
ili

zi
ng

 e
ith

er
 D

ia
os

rin
	

In
 re

m
is

si
on

:
					







or
 N

ic
ho

ls
 a

ss
ay

s	
  <

10
, 2

/4
5 

(4
%

)
						








  1

0-
30

, 1
8/

45
 (4

0%
)

						








  >
30

, 2
5/

45
 (5

6%
)

						








Th
yr

oi
d 

no
du

le
s:

						








  <
10

, 1
/4

2 
(2

%
)

						








  1
0-

30
, 2

2/
42

 (5
2%

)
						








  >

30
, 1

9/
42

 (4
5%

)
Th

ill
 M

,	
O

ct
.-F

eb
.	P

r
os

pe
ct

iv
e	P

r
im

ar
y 

ov
ar

ia
n	N


A

	E
l

ec
sy

s c
he

m
ilu

m
in

es
ce

nt
	

M
ea

n 
vi

ta
m

in
 D

	N


A
20

10
,		


no

n-
co

ns
ec

ut
iv

e	
ca

rc
in

om
a		


im

m
un

oa
ss

ay
 (R

oc
he

	
se

ru
m

 le
ve

ls
:

G
er

m
an

y 
(4

6)
		


ca

se
 se

rie
s,			




D
ia

gn
os

tic
s G

er
m

an
y)

	
  H

ea
lth

y 
w

om
en

, 2
9.

15
±2

.7
4

		


Tu
m

or
 p

ts
, 2

0				





  O
va

ria
n 

ca
nc

er
, 2

5.
32

±1
.5

7
		


H

ea
lth

y 
pt

s, 
20

M
cC

om
bi

e A
M

,	F
e

b.
 2

00
6 

an
d	P

r
os

pe
ct

iv
e,

 2
5	N


on

-m
el

an
om

a 
sk

in
	F

r
an

k 
de

fic
ie

nc
y,

 <
10

	
R

ad
io

im
m

un
oa

ss
ay

	
U

si
ng

 ta
rg

et
 v

al
ue

 o
f 2

0 
ng

/m
l:	N


A

20
09

,	F
e

b.
 2

00
7 

an
d			




M
ar

gi
na

l d
efi

ci
en

cy
, 1

0-
20

	
(D

ia
So

rin
, S

al
ug

gi
a,

 	
V

ita
m

in
 D

 d
efi

ci
en

cy
 a

t t
he

A
us

tra
lia

 (4
7)

	
A

ug
. 2

00
6			




Su
bo

pt
im

al
, <

32
	

Ita
ly

)	
en

d 
of

 w
in

te
r, 

12
/2

5 
(4

8%
) a

nd
						








at

 th
e 

en
d 

of
 su

m
m

er
, 1

/2
5 

(4
%

)
						








Si

gn
ifi

ca
nt

 re
du

ct
io

n 
in

 m
ea

n
						








25

(O
H

)D
 le

ve
ls

 in
 w

in
te

r 
						








(s

um
m

er
, 2

7.
6±

1.
36

; 
						








w

in
te

r, 
23

.6
±2

.4
8;

 P
<0

.0
5)



Experimental and Therapeutic Medicine  2:  181-193,  2011 189

Ta
bl

e 
II

I. 
C

on
tin

ue
d.

Fi
rs

t a
ut

ho
r,	

D
at

a	
St

ud
y 

de
si

gn
,	

C
an

ce
r t

yp
e,

	
D

efi
ni

tio
n 

of
 v

ita
m

in
 D

	
M

et
ho

d 
of

 v
ita

m
in

 D
	P

r
ev

al
en

ce
 o

f v
ita

m
in

 D
	

R
ec

om
m

en
de

d
ye

ar
, p

la
ce

	
co

lle
ct

io
n	

sa
m

pl
e 

si
ze

	
st

ag
e	

de
fic

ie
nc

y 
(n

g/
m

l)	
m

ea
su

re
m

en
t	

de
fic

ie
nc

y 
(n

g/
m

l)	
su

pp
le

m
en

ta
tio

n
(r

ef
.)							










w
ith

 v
ita

m
in

 D

N
ur

nb
er

g 
B

,	
D

ec
. 1

99
7-

	
R

et
ro

sp
ec

tiv
e 

st
ud

y,
	

M
al

ig
na

nt
	

D
efi

ci
en

cy
, <

20
	

Li
ai

so
n 

25
-O

H
	

<2
0 

in
 m

el
an

om
a,

 1
60

/2
05

 (7
8.

1%
)	

A
 si

ng
le

 d
os

e
20

09
,	

M
ar

. 2
00

7	
20

5 
ca

nc
er

 p
ts

,	
m

el
an

om
a		


V

ita
m

in
 D

-A
ss

ay
	

in
 c

on
tro

ls
, 8

9/
14

1 
(6

3.
1%

);	
of

 5
0,

00
0 

IU
G

er
m

an
y 

(4
8)

		


14
1 

he
al

th
y 

co
nt

ro
ls

			



(D

ia
So

rin
, D

ie
tz

en
ba

ch
, 	

<1
0 

in
 m

el
an

om
a,

 4
1/

20
5 

(2
0%

)	
vi

ta
m

in
 D

					G








er
m

an
y)

	
in

 c
on

tro
ls

, 3
9/

14
1 

(2
7.

7%
);	

on
ce

 a
 w

ee
k

						








>2
0 

in
 m

el
an

om
a,

 4
5/

20
5 

(2
2%

)	
fo

r 8
 w

ee
ks

						








in
 c

on
tro

ls
, 5

2/
14

1 
(3

6.
9%

);	
or

 5
0,

00
0 

IU
						








M

ed
ia

n 
m

el
an

om
a,

 1
4.

3	
of

 v
ita

m
in

 D
						








co

nt
ro

ls
, 1

5.
6;

 	
on

ce
 a

 m
on

th
						








M

ea
n 

m
el

an
om

a,
 1

6.
9;

						








co
nt

ro
ls

, 1
8.

7
Tr

um
p 

D
L,

	
1s

t J
an

. 2
00

5-
	

C
as

e 
co

nt
ro

l,	P
r

os
ta

te
	

D
efi

ci
en

cy
, <

20
	

R
ec

ur
re

nt
 c

an
ce

r p
ts

	P
r

ev
al

en
ce

 in
 re

cu
rr

en
t	N


A

20
09

,	
28

th
 F

eb
. 2

00
7	

12
0 

re
cu

rr
en

t c
an

ce
r p

ts
,		


In

su
ffi

ci
en

cy
, 2

0-
31

	
us

in
g 

a 
co

m
m

er
ci

al
	

pr
os

ta
te

 p
ts

:
U

SA
 (4

9)
		


50

 lo
ca

liz
ed

 c
an

ce
r p

ts
		N




or
m

al
, 3

2-
10

0	
im

m
un

oc
he

m
ilu

m
in

om
et

ric
	

  D
efi

ci
en

cy
, 4

8/
12

0 
(4

0%
) 

		


an
d 

10
0 

co
nt

ro
ls

			



as

sa
y,

 a
nd

 lo
ca

liz
ed

	
  I

ns
uf

fic
ie

nc
y,

 3
8/

12
0 

(3
2%

)
					







ca
nc

er
 p

ts
 a

nd
 c

on
tro

ls
	

  N
or

m
al

, 3
4/

12
0 

(2
8%

)
					







us
in

g 
a 

ra
di

oi
m

m
un

oa
ss

ay
	

In
 lo

ca
liz

ed
 p

ro
st

at
e 

ca
nc

er
:

						








  D
efi

ci
en

cy
, 9

/5
0 

(1
8%

)
						








  I

ns
uf

fic
ie

nc
y,

 2
5/

50
 (5

0%
)

						








  N
or

m
al

, 1
6/

50
 (3

2%
)

						








In
 c

on
tro

ls
:

						








  D
efi

ci
en

cy
, 3

1/
10

0 
(3

1%
)

						








  I
ns

uf
fic

ie
nc

y,
 4

0/
10

0 
(4

0%
)

						








  N
or

m
al

, 2
9/

10
0 

(2
9%

)
B

ad
ro

s A
,	

Se
pt

.-	P
r

os
pe

ct
iv

e	
M

ul
tip

le
	

D
efi

ci
en

cy
, ≤

14
.4

	N


A
	

D
efi

ci
en

cy
, 4

0/
10

0 
(4

0%
)	F

o
r l

ev
el

s
20

08
,	

O
ct

. 2
00

6	
co

ns
ec

ut
iv

e	
m

ye
lo

m
a	

In
su

ffi
ci

en
cy

, 1
4.

4-
30

		


(m
al

e,
 2

0;
 fe

m
al

e,
 2

0)
	

≤1
4.

4 
ng

/m
l,

U
SA

 (5
0)

		


ca
se

 se
rie

s, 
10

0		


Su
ffi

ci
en

cy
, >

30
		


In

su
ffi

ci
en

cy
, 3

5/
10

0 
(3

5%
)	

50
,0

00
 IU

						








(m
al

e,
 1

4;
 fe

m
al

e,
 2

1)
	

tw
ic

e 
w

ee
kl

y
						








Su

ffi
ci

en
cy

, 2
5/

10
0 

(2
5%

)	
fo

r 6
 w

ee
ks

;
						








(m

al
e,

 8
; f

em
al

e,
 1

7)
	F

o
r l

ev
el

s
							










14
.4

-3
0 

ng
/m

l,
							










50
,0

00
 IU

							









w

ee
kl

y 
fo

r 6
 w

ee
ks

,
							










th
en

 1
,0

00
 IU

/d
ay

Ev
er

et
t P

C
,	

M
ay

-S
ep

t. 
20

06
	N


A

, 3
87

	N


A
	

D
efi

ci
en

cy
, <

10
	N


A

	
D

efi
ci

en
cy

 in
 p

ts
: <

30
 n

g/
m

l	
50

,0
00

 IU
 d

ai
ly

20
08

,		


(M
ay

, 8
6;

 Ju
ne

, 8
9;

		


In
su

ffi
ci

en
cy

, 1
0.

1-
31

.9
		


M

ay
, 7

5.
4%

; J
un

e,
 8

4.
1%

;	
fo

r 1
 w

ee
k,

 
U

SA
 (5

1)
		J


u

ly
, 7

2;
 A

ug
., 

59
; 				J





u

ly
, 6

6.
6%

; A
ug

., 
69

.3
%

;	
th

en
 5

0,
00

0 
IU

		


Se
pt

., 
81

)				





Se
pt

., 
63

%
	

1-
3 

tim
es

/w
ee

k 
							










un
til

 5
0-

75
 n

g/
m

l, 
							










th
en

 1
,6

66
 IU

 d
ai

ly

https://www.spandidos-publications.com/10.3892/etm.2011.205


gupta et al:  Vitamin D deficiency and cancer190
Ta

bl
e 

II
I. 

C
on

tin
ue

d.

Fi
rs

t a
ut

ho
r,	

D
at

a	
St

ud
y 

de
si

gn
,	

C
an

ce
r t

yp
e,

	
D

efi
ni

tio
n 

of
 v

ita
m

in
 D

	
M

et
ho

d 
of

 v
ita

m
in

 D
	P

r
ev

al
en

ce
 o

f v
ita

m
in

 D
	

R
ec

om
m

en
de

d
ye

ar
, p

la
ce

	
co

lle
ct

io
n	

sa
m

pl
e 

si
ze

	
st

ag
e	

de
fic

ie
nc

y 
(n

g/
m

l)	
m

ea
su

re
m

en
t	

de
fic

ie
nc

y 
(n

g/
m

l)	
su

pp
le

m
en

ta
tio

n
(r

ef
.)							










w
ith

 v
ita

m
in

 D

R
ei

nh
ol

d 
U

,	N


A
	P

r
os

pe
ct

iv
e 

st
ud

y,
	P

r
os

ta
tic

 c
ar

ci
no

m
a 

	
D

efi
ci

en
cy

, <
20

	
R

ad
io

im
m

un
oa

ss
ay

	P
r

ev
al

en
ce

 o
f v

ita
m

in
 D

	N


A
20

08
,		


17

4 
su

bj
ec

ts
	

(n
=2

0)
, p

ro
st

at
ic

 		


(D
ia

So
rin

, I
nc

.)	
le

ve
ls

 <
20

:
G

er
m

an
y 

(5
2)

		


(9
7 

ca
nc

er
 p

ts
)	

hy
pe

rp
la

si
a 

(n
=7

5)
,			




  >
50

%
 p

ts
 o

ut
 o

f t
ot

al
 1

74
			




m
el

an
om

a 
(n

=4
1)

,			P



r

os
ta

te
: <

70
 y

ea
rs

			



br

ea
st

 (n
=2

6)
,			




  m
ea

n 
le

ve
ls

, 2
4.

2±
1.

8
			




ov
ar

ia
n 

(n
=7

), 
			




  >
70

 y
ea

rs
, 7

/8
 w

ith
 le

ve
ls

 <
20

			



ce

rv
ix

 (n
=3

)			



  d

ur
in

g 
w

in
te

r (
m

ea
n 

20
.3

±3
.1

)
						








  a

nd
 3

/6
 w

ith
 le

ve
ls

 <
20

						








  d
ur

in
g 

la
te

 su
m

m
er

 (m
ea

n 
14

.7
±2

.5
)

						








M
el

an
om

a:
 m

ea
n 

le
ve

ls
 d

ur
in

g 
w

in
te

r/
						








  e

ar
ly

 sp
rin

g 
(n

=1
5)

, 1
3.

0±
1.

6;
						








  d

ur
in

g 
la

te
 su

m
m

er
s (

n=
7)

, 2
2.

0±
3.

2
						








O

va
ria

n 
an

d 
ce

rv
ix

 <
20

, 7
/1

0
						








B

re
as

t <
20

: <
56

 y
ea

rs
, 1

2/
13

,
						








  ≥

56
 y

ea
rs

, 4
/1

3
H

ol
le

nd
er

 A
,	

19
90

-1
99

9	P
r

os
pe

ct
iv

e 
cr

os
s-

	G


as
tri

c 
no

n-
H

od
gk

in
's	

R
ef

er
en

ce
 v

al
ue

	
H

ig
h-

pe
rf

or
m

an
ce

	P
a

tie
nt

s w
ith

 v
ita

m
in

 D
 <

12
:	N


A

20
06

,	
(f

ol
lo

w
-u

p:
 	

se
ct

io
na

l s
tu

dy
, 3

3	
ly

m
ph

om
a	

fo
r 2

5(
O

H
)D

, 	
liq

ui
d 

ch
ro

m
at

og
ra

ph
y	

To
ta

l g
as

tre
ct

om
y,

 5
/9

 (5
5.

55
%

)
N

or
w

ay
 (5

3)
	

M
ay

-J
un

e 
20

01
)			




12
-4

4 
	

at
 H

or
m

on
e 

La
bo

ra
to

ry
,	P

a
rti

al
 g

as
tre

ct
om

y:
					







A
ke

r U
ni

ve
rs

ity
 H

os
pi

ta
l	

  B
ill

ro
th

 II
, 1

/1
0 

(1
0%

)
						








  B

ill
ro

th
 I,

 0
/4

; L
oc

al
 re

se
ct

io
n,

 0
/3

						








R
ad

ia
tio

n 
th

er
ap

y,
 0

/7
La

m
m

er
t M

,	N


A
	

C
on

ve
ni

en
t s

am
pl

e,
	

D
er

m
al

	
D

efi
ci

en
cy

, <
20

	
A

ut
om

at
ed

 c
he

m
ilu

m
in

es
ce

nc
e	

D
efi

ci
en

cy
 in

 p
at

ie
nt

s	N


A
20

06
, 		N




eu
ro

fib
ro

m
at

os
is

	
ne

ur
ofi

br
om

as
		


pr

ot
ei

n 
bi

nd
in

g 
as

sa
y	

  w
ith

 NF
1

, 7
2%

G
er

m
an

y 
(5

4)
		


(NF

1
), 

55
			




(N
ic

ho
ls

 In
st

itu
te

 D
ia

gn
os

tic
s,	

  I
n 

co
nt

ro
ls

, 2
1%

		


H
ea

lth
y 

co
nt

ro
ls

, 5
8			




Sa
n 

C
le

m
en

te
, C

A
, U

SA
)	

D
efi

ci
en

cy
 in

 p
at

ie
nt

s w
ith

						








de
rm

al
 n

eu
ro

fib
ro

m
as

:
						








  1

0-
99

 fi
br

om
as

, 9
/1

6 
(5

6%
) 

						








  1
00

-9
99

 fi
br

om
as

, 2
0/

24
 (8

3%
)

						








  ≥
1,

00
0 

fib
ro

m
as

, 6
/7

 (8
6%

)
Pl

an
t A

S,
	N


A

	P
r

os
pe

ct
iv

e,
 6

0	
B

re
as

t (
n=

10
), 

co
lo

n	
Lo

w
 d

efi
ni

tio
n,

 <
20

	N


ic
ho

ls
 A

dv
an

ta
ge

 a
ss

ay
 k

it	
Le

ve
ls

 <
20

, 2
4/

60
 (4

0%
)	

1,
00

0-
4,

00
0 

IU
20

06
,			




(n
=1

5)
, l

ym
ph

om
a	

H
ig

h 
de

fin
iti

on
, <

30
	

(N
ic

ho
ls

 In
st

itu
te

 D
ia

gn
os

tic
)	

Le
ve

ls
 <

30
, 4

3/
60

 (7
2%

)	
da

ily
, o

ra
lly

,
U

SA
 (5

5)
			




(n
=3

), 
pr

os
tra

te
 				





to

 m
ai

nt
ai

n 
se

ru
m

			



(n

=2
4)

, l
un

g 
(n

=2
), 

				





le
ve

ls
 b

et
w

ee
n 

32
			




ot
he

r (
n=

16
)				





an

d 
52

 n
g/

m
l

R
ei

ch
ra

th
 J,

	N


A
	

C
ro

ss
-s

ec
tio

na
l	

M
el

an
om

a	N


or
m

al
 ra

ng
e,

	N


ic
ho

ls
 A

dv
an

ta
ge

 a
ss

ay
,	

Se
ru

m
 le

ve
ls

:	N


A
20

04
, 		


st

ud
y,

 1
4		


20

-5
0 

	N


ic
ho

ls
 In

st
itu

te
 D

ia
gn

os
tik

a	
  M

ea
n 

23
.5

63
; m

ed
ia

n 
24

.5
91

G
er

m
an

y 
(5

6)
					G








m

bH
, B

ad
 N

au
he

im
,	

  L
ev

el
s <

20
, 6

/1
4 

(4
2.

8%
)

					G








er
m

an
y	

  L
ev

el
s 2

0-
50

, 8
/1

4 
(5

7.
1%

)
Ta

ng
pr

ic
ha

 V
, 	J

u
ly

, A
ug

.	
C

as
e 

co
nt

ro
l,	

A
ll 

pa
tie

nt
s i

n 
th

e	
D

efi
ci

en
cy

, ≤
20

	N


ic
ho

ls
 A

dv
an

ta
ge

	
D

efi
ci

en
cy

 in
 c

an
ce

r p
ts

, 2
7/

56
 (4

8%
)	

50
,0

00
 IU

 o
nc

e 
a 

w
ee

k
20

04
,	

an
d 

Se
pt

.	
56

 c
an

ce
r p

ts
 a

nd
	

ou
tp

at
ie

nt
 c

an
ce

r c
lin

ic
		


ch

em
ilu

m
in

es
ce

nt
 a

ss
ay

	
D

efi
ci

en
cy

 in
 c

on
tro

ls
, 6

/5
0 

(1
2%

)	
fo

r 8
 w

ee
ks

, t
he

n
U

SA
 (5

7)
		


50

 h
ea

lth
y 

co
nt

ro
ls

				





M
ea

n 
va

lu
es

 2
1.

3±
10

 fo
r c

an
ce

r v
s.	

40
0 

IU
 d

ai
ly

 a
s a

						








33
.9

±1
0 

fo
r h

ea
lth

y 
co

nt
ro

ls
 	

m
ai

nt
en

an
ce

 d
os

e



Experimental and Therapeutic Medicine  2:  181-193,  2011 191

(n=1), convenience sample (n=1) and case-control study (n=2) 
designs. Furthermore, two studies used data from other 
existing studies with a larger sample size, such as The Health, 
Eating, Activity, and Lifestyle (HEAL) study and the Prostate, 
Lung, Colorectal and Ovarian Cancer Screening Trial (PLCO). 
Ten studies were conducted in breast cancer patients exclu-
sively, three on colorectal, two on melanoma and one each on 
gastric lymphoma, multiple myeloma, neurofibroma, prostate, 
ovarian, thyroid and non-melanoma skin cancers, while the 
remaining five studies were based on a heterogenous group of 
cancer patients.

While comparing the cut-off levels for definition of 
vitamin D deficiency, we found that the majority of the studies 
(n=11) used a threshold of <20 ng/ml. The other studies used 
different cut-offs ranging from 10 to 32 ng/ml. Most of the 
studies (n=10) measured the serum 25(OH)D levels using 
the radioimmunoassay, while some of the other studies used 
Nichols Advantage assay kit (n=3), high-performance liquid 
chromatography (n=1), protein binding assay (n=2), competitive 
immunoluminometric direct assay (n=2) and chemilumines-
cent immunoassay (n=2). Many of these studies showed a 
prevalence of vitamin D deficiency >70% (31,34‑37,48,51,54). 
A few studies (n=9) reported a prevalence rate between 40 
and 70%, while the other studies (n=4) reported rates lower 
than 40%. Six studies reported only the mean serum vitamin 
D levels.

Some studies provided an estimate of vitamin D deficiency 
across stage of the disease, as well as season of vitamin  D 
assessment. An inverse correlation between serum levels of 
vitamin D and carcinoma stage was demonstrated in three 
studies (40,42,43). According to these studies, the serum 
levels of 25(OH)D were significantly higher in patients with 
early-stage cancer than in those with locally advanced or 
metastatic disease. An exception to this observation was one 
study on ovarian cancer patients (39) in which stage III and 
IV carcinoma patients had higher 25(OH)D serum levels than 
in stage I and II patients. A few studies also showed lower 
serum 25(OH)D levels in blood samples drawn during winter 
(31,47,52) depicting variations in the prevalence rate according 
to sun exposure. Some studies also reported results by gender. 
Badros et al reported an equal distribution of males and 
females with deficient serum 25(OH)D levels among patients 
with multiple myeloma (50). Similarly, in colorectal cancer 
patients, Fakih et al reported almost equal mean 25(OH)
D levels among males and females (42). Moreover, Niv et al 
reported a higher prevalence rate of deficiency in females 
(31.6%) than in males (24.2%) among colorectal cancer 
patients (43). In addition, a study by Crew et al also reported 
that vitamin D deficiency was slightly less common in white 
women (66%) compared to black (80%) and Hispanic (84%) 
women (34). 

Some studies also reported on supplementation recom-
mendations to address vitamin D deficiency. Most studies 
suggested an aggressive vitamin D replacement strategy, 
including 50,000 IU weekly (n=3) or 50,000 IU twice a week 
(n=1) or 50,000 IU 1-3 times a week (n=1), while the others 
suggested a daily dose of vitamin D, including 2,000 IU (n=2) 
or 3,000 IU (n=1) orally. Thus, the recommended dosage by 
all studies ranged from 8,000 to 50,000 IU, one to three times 
a week for deficient patients. A few studies also suggested a 

maintenance dose regime ranging from 400 to 2,000 IU daily 
after the serum levels were raised to normal. 

In conclusion, this review confirms a high prevalence 
of vitamin D deficiency in multiple cancer sites. Healthcare 
providers play important roles in disease prevention, health 
promotion and education. Since vitamin D deficiency is a 
widespread public health issue linked to cancer and other 
health risks, healthcare providers should not ignore this easily 
correctable condition. Therefore, evaluation of vitamin D 
levels and vitamin D supplementation for deficient individuals 
should be taken into consideration, while providing anticancer 
treatment. Optimizing vitamin D levels provides ‘win-win’ 
benefits of correcting vitamin D deficiency, promoting bone 
health and potentially reducing cancer risks. Given the varia-
tion found in the studies in this review regarding the levels 
of 25(OH)D used to define deficiency, the method used to 
evaluate 25(OH)D, and even recommendations for supplemen-
tation for deficient individuals, additional research needs to be 
carried out to determine acceptable standards in these areas.

Since the prevalence of vitamin D deficiency appears to 
be high in multiple cancer sites, future research evaluating 
the impact of correcting and maintaining adequate vitamin D 
levels on survival outcomes and secondary prevention of 
cancer is essential. 
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