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Abstract

Objective—To assess the frequency of vitamin D deficiency among men with prostate cancer, as
considerable epidemiological, in vitro, in vivo and clinical data support an association between
vitamin D deficiency and prostate cancer outcome.

Patients, subjects and methods—The study included 120 ambulatory men with recurrent
prostate cancer and 50 with clinically localized prostate cancer who were evaluated and serum
samples assayed for 25-OH vitamin D levels. Then 100 controls (both sexes), matched for age and
season of serum sample, were chosen from a prospective serum banking protocol. The relationship
between age, body mass index, disease stage, Eastern Cooperative Oncology Group performance
status, season and previous therapy on vitamin D status were evaluated using univariate and
multivariate analyses.

Results—The mean 25-OH vitamin D level was 25.9 ng/mL in those with recurrent disease, 27.5
ng/mL in men with clinically localized prostate cancer and 24.5 ng/mL in controls. The frequency
of vitamin D deficiency (< 20 ng/mL) and insufficiency (20-31 ng/mL) was 40% and 32% in men
with recurrent prostate; 28% had vitamin D levels that were normal (32—100 ng/mL). 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. Metastatic
disease (P = 0.005) and season of blood sampling (winter/spring; P = 0.01) were associated with
vitamin D deficiency in patients with prostate cancer, while age, race, performance status and
body mass index were not.

Conclusions—Vitamin D deficiency and insufficiency were common among men with prostate
cancer and apparently normal controls in the western New York region.
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Introduction

25-OH vitamin D is the accepted measure of the adequacy of vitamin D body stores.
Vitamin D deficiency is common [1-4]; populations particularly at risk are those living in
northern latitudes, those whose cultural mores call for complete skin coverage (resulting in
limited exposure to sunlight) and individuals with renal failure in whom vitamin D synthesis
is impaired [5,6]. Thomas et al. [7] reported that 57% of patients admitted to the
Massachusetts General Hospital were vitamin D-deficient and vitamin D deficiency was still
common (42%) after individuals with factors known to lead to vitamin D deficiency were
excluded. Vitamin D deficiency was defined as a serum 25-OH vitamin D concentration of <
15 ng/mL, and 22% of patients were “severely deficient', as defined by a 25-OH vitamin D
level of < 8 ng/mL.

Substantial epidemiological data indicate that vitamin D deficiency is associated with an
increased risk of many types of cancer [8-11]. Increasing data link vitamin D deficiency and
cancer prognosis [12-14], and numerous studies suggest that vitamin D deficiency is
associated with an increased risk of medical complications to which patients with cancer are
already predisposed, i.e. infection, thromboembolism, muscle weakness and falls, and
immune dysfunction [15-20].

Very few studies have called attention to the frequency of vitamin D deficiency among
patients with cancer [21,22]. In this report we describe the frequency of vitamin D
deficiency, assessed using levels of 25-OH vitamin D, which is the accepted surrogate
measure for body vitamin D stores.

Patients, subjects and methods

The medical records of all patients treated in the Urologic Oncology Clinic at Roswell Park
Cancer Institute between 1 January 2005 and 28 February 2007 were reviewed in
accordance with a protocol approved by the institution's Biomedical Institutional Review
Board (IRB). All patients in whom a 25-OH vitamin D level was determined were
identified. Patients taking vitamin D replacement of > 400 1U per day were excluded.
Clinical data, including age, sex, Gleason grade and stage of disease, body mass index
(BMI), date of 25-OH vitamin D assay, and treatment history, were collected. The first
available vitamin D result was used in patients with multiple test results. Three groups of
individuals constitute those in whom 25-OH vitamin D levels were measured. Group A:
ambulatory men with recurrent prostate cancer seen in the practice of one of the authors
(D.L.T.). We have been assessing routinely the 25-OH vitamin D levels among ambulatory
men with prostate cancer for > 3 years; the values were measured in the clinical laboratory
and were warranted by the recognition that vitamin D deficiency is common and usually not
addressed among patients with prostate cancer. Group B: samples were obtained from 50
men with newly diagnosed, clinically localized prostate cancer from whom samples were
obtained and stored in the data bank and biospecimen repository (DBBR). Samples were
obtained according to a protocol approved by the IRB. These men had had no therapy when
samples were obtained. Group C: a control group was chosen from individuals in whom
blood samples had been obtained under the IRB-approved protocol for the DBBR. All
patients participating in this bio-repository had signed an approved consent form for
enrolment in DBBR that covers the use of their stored serum/blood samples for research
purposes. The DBBR maintains biological samples from individuals with cancer and from
healthy volunteers with no history of cancer. These non-cancer “controls' were largely drawn
from individuals who accompany patients with cancer to the ambulatory clinics at Roswell
Park. Samples from 100 apparently healthy volunteers were selected from the DBBR, and
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matched for age and month of sample acquisition from the patients with prostate cancer. All
prostate cancer cases and matched controls lived in Western New York, USA.

Among group A, 25-OH vitamin D was assayed using a standard commercially available
immunochemiluminometric assay [23]. The lower limit of normal for this assay is 32 ng/
mL., which is based on maximum suppression of parathyroid hormone [23]; the normal
range is 32—100 ng/mL (80-250 nmol/mL). The samples from group B and C were assayed
in the laboratory of Dr Bruce W. Hollis using a previously described radioimmunoassay
[24]. Serum 25-OH vitamin D measurements by these two methods are comparable [25] and
normal ranges in both laboratories are the same. For this study, vitamin D deficiency was
defined as a 25-OH vitamin D level of < 20 ng/mL and insufficiency 20-31 ng/mL.

The percentages of vitamin D deficiency and insufficiency were calculated for the three
groups of patients; for group A the effects of age, race, BMI, Eastern Cooperative Oncology
Group performance status (ECOG PS), presence of castration-resistant cancer, and the
season in which the serum sample was procured were investigated using univariate logistic
regression (that regressed the logarithm of the chance of having vitamin D deficiency or
insufficiency on the above covariates). Continuous covariates such age and BMI were
dichotomized. The P values were calculated using Wald chi-square tests or exact Pearson
chi-square test when frequencies were low. A similar analysis was used for group B. To
investigate the effect of patient demographics on vitamin D status among groups A and B,
univariate and multivariate logistic regression analyses were used with cancer status
(recurrent prostate cancer or clinically localized cancer) as one of the covariates. Univariate
and multivariate logistic regression analyses were used for cases and controls with vitamin
D status as a covariate.

Group A (120 patients) had an initial serum sample assayed for 25-OH vitamin D between 1
January 2005 and 28 February 2007 (Table 1); 56% of men had radiographic or physical
examination evidence of metastatic disease, and recurrence was evident only by detectable
PSA levels in 44%. Of the men, 70% had been castrated (medical or surgical), and cytotoxic
chemotherapy had been administered to 18% of the 120 men. Sixty-four men (53%) had
prostate cancer categorized as “androgen-dependent' disease (because of an ongoing
response to androgen-deprivation therapy or having recurrent prostate cancer in whom
androgen deprivation had not been initiated) and 56 (47%) had “androgen-independent' or
“castration-resistant' disease.

The demographic details of age, distribution of BMI and race in the three groups are shown
in Table 1. Most men in group A had a good ECOG PS (85% of 0 or 1). Of the 120 patients
in group A, 54% had 25-OH vitamin D levels determined in summer/autumn and 46% of
samples were obtained in winter/spring. The mean (median) 25-OH vitamin D concentration
was 25.9 (22.5) ng/mL. Forty-eight men (40%) had deficient, 38 (32%) had insufficient and
34 (28%) had normal vitamin D levels.

On univariate analysis, neither age, race, BMI, ECOG PS nor castration had an influence on
vitamin D status. Patients with castration-resistant disease or those in whom the 25-OH
vitamin D level was assessed in winter/spring were more likely to have vitamin D
insufficiency and deficiency on both univariate and multivariate analyses. Patients with
previous radiotherapy more often had deficient or insufficient vitamin D levels on
multivariate analyses (P = 0.03).

In group B data for calculating the BMI were available in 41 men (Table 1). The mean
(median) 25-OH vitamin D concentration was 27.5 (27.1) ng/mL. Of these men, 18% were
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vitamin D deficient, 50% were vitamin D insufficient and 32% had normal vitamin D levels.
Age, race and BMI had no influence on vitamin D insufficiency. African-American men
were more likely to be vitamin D deficient (P = 0.04). Winter/spring sample acquisition was
associated with vitamin D insufficiency (P = 0.006) and deficiency (P = 0.05).

Among the 100 apparently healthy volunteers selected from the DBBR, group C consisted
of 71 men and 29 women. The 25-OH vitamin D levels were similar between men (71, mean
23.7 ng/mL) and women (29, mean 26.3 ng/mL; P = 0.189). Published evidence reports no
difference between vitamin D levels in males and females, and no difference was found in
group C, so this well characterized control group was valid. The mean (median, range) age
of group C was 62.4 (63, 30-92) years; 90 were white (90%), nine were African-American
(9%) and one was Native American. In group C, only 25% had their 25-OH vitamin D levels
determined in summer/autumn rather than winter/spring. The mean (median) 25-OH vitamin
D level was 24.5 (23.7) ng/mL; 31% were vitamin D deficient, 40% were vitamin D
insufficient and 29% had normal vitamin D levels.

Patients in group A were more likely to have 25-OH vitamin D levels of < 20 ng/mL (48,
40%) than men in group B (nine, 18%; P = 0.006). The frequency of 25-OH vitamin D
levels “below normal’ (< 32 ng/mL) were similar in the two groups (72% and 68%). The
season of blood sampling was associated with vitamin D status in groups A and B (170
men), and winter/spring was associated with lower vitamin D levels. Age, race, ECOG PS
and BMI were not associated with vitamin D status in the 170 men in groups A and B on
univariate analyses. On multivariate analyses, season of sampling (summer/autumn vs
spring/winter; P = 0.01) and disease status (clinically localized vs recurrent; P = 0.006) were
associated with vitamin D deficiency.

For the case-control study, 100 healthy controls were selected from the DBBR and matched
by the same decade of age and to the season of blood sampling for comparison with the 120
men in group A. Controls were younger and had a lower BMI than cases. There was a
similar frequency of vitamin D deficiency and insufficiency among men with prostate
cancer (localized or recurrent) and controls in the study population. Samples were drawn
more often in winter/spring among the available controls from the DBBR sample bank than
among patients with cancer (P < 0.001). Figure 1 shows the 25-OH vitamin D levels in
groups A, B and C in different months of the year; there was a similar trend in vitamin D
levels by month of sampling among the three groups. There was some variation amongst the
groups in January/February (P = 0.05) and July/August (P = 0.02), but the small sample size
precludes any meaningful conclusion from this unplanned subgroup analyses.

The data indicate that low 25-OH vitamin D levels are common in all groups; patients in
group A more often had 25-OH vitamin D levels of < 20 ng/mL but overall below-normal
levels were similar in all groups. In this exploratory analysis abnormally low vitamin D
levels in the western New York geographical area occurred with similar frequency in all
three groups.

Discussion

Given that low vitamin D levels are associated with a higher risk of many cancers, we
hypothesized that patients with prostate cancer might have lower vitamin D levels than
controls. This does not appear to be the case. Vitamin D deficiency is common and this
study shows that vitamin D deficiency also is common among patients with either clinically
localized or recurrent prostate cancer and healthy controls in New York (*o75%). A
previous study found a similar frequency among individuals with colorectal cancer [26] and
in a less formal analysis among individuals with lung, breast, head and neck cancers,
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lymphoma and leukaemia who were treated at the Roswell Park Cancer Institute. While such
analyses provide no reasons for vitamin D deficiency, the most likely factors contributing to
these findings are the latitude of residence of these patents (o44°N), the infrequent use of
vitamin D supplements, the conservative level of vitamin D supplementation usually
recommended, and the limited availability of vitamin D in foods. Limited outside activity
due to illness and the avoidance of sun exposure through the use of sun screens and
protective clothing might play a role; however, the diagnosis of prostate cancer itself seems
an unlikely factor contributing to vitamin D deficiency, as patients with advanced disease,
limited disease before treatment and controls had a similar frequency of 25-OH vitamin D
levels below normal (< 32 ng/mL). There might be an effect of disease or its therapy;
vitamin D “deficiency' (< 20 ng/mL) was more common among men in group A than among
men in group B or C. This difference was unlikely to be due to a difference in sunlight
exposure or poor dietary intake, as all men were ambulatory, of good PS and resided in the
same geographical area. Li et al. [27] reported a similar finding in a prospective study of
vitamin D levels in a cohort from Physicians Health Study, where lower vitamin D levels
were associated with advanced disease. Seasonal variation of sample acquisition (summer/
autumn vs winter/spring) was associated with lower levels, as expected. The study was
limited by the lack of “true match' with the control population due to the limited availability
of control samples. Despite this limitation, multivariate analyses confirmed a similar
frequency of low vitamin D status in the present study population across the three groups.
The use of two different vitamin D assays did not affect the analyses as the two assays are
comparable [25]. There were no differences between the vitamin D status among groups C
and B, the samples from which were assayed at Dr Hollis' laboratory using
radioimmunoassay.

Vitamin D deficiency is relatively common (and largely not commented upon) in many
reports in which bone health, and calcium and mineral balance, have been studied in patients
with cancer [28-30]. The present study provides a formal analysis of the frequency of
vitamin D deficiency among men with localized and advanced prostate cancer compared to a
healthy control population.

Avre there health consequences of vitamin D deficiency in patients with cancer? While it is
widely recognized that vitamin D deficiency is associated with osteoporosis and
osteomalacia, the measurement of 25-OH vitamin D concentration and use of vitamin D
supplements in castrate men with prostate cancer is low, despite the likelihood that vitamin
D deficiency would predispose to accelerated osteoporosis and might impair bone integrity
in a disease where bone destruction is quite common [31,32]. Even less well recognized
among practitioners are the numerous other medical conditions associated with vitamin D
deficiency. These include increased risk of thromboembolism [33], infection [34-37],
altered neuromuscular function [38,39], abnormal angiogenesis and wound healing [40-43],
and immune dysfunction [44-48].

The current recommended daily allowance of D3 is 400 1U/day [49]. Considerable recent
data suggest that this recommended daily allowance is inordinately low [50]. The current
recommended normal serum level of 25-OH vitamin D is 32-100 ng/mL (80-250 nM) [1].
This recommendation is based on the suppression of serum parathyroid hormone as well as a
reduced incidence of osteoporosis among large populations with serum 25-OH vitamin D
levels of 32-100 ng/mL [51,52]. Whether this is the optimal blood concentration for patients
with cancer or normal individuals is uncertain and debated [7,53]. Limited data suggest that
administering vitamin D might slow the progress of prostate cancer. Vieth et al. [54]
reported on a small group of men with prostate cancer who had increasing PSA levels
despite local therapy; supplementation with 2000 IU per day of cholecalciferol reduced the
rate of PSA increase. Gross et al. [55] showed, in a similar setting, that 1,25-D3
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administration (1.5-2.0 pg/day) reduced the serum PSA level. Our group reported a 28%
PSA response rate in men with castration-resistant disease treated with calcitriol (12 pg
daily, three times weekly) and dexamethasone (4 mg daily, four times weekly) [56].

The present 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, and in
controls, in New York. These findings in patients with prostate cancer and in controls are
similar to those reported in patients hospitalized in Boston [7]. Attention to 25-OH vitamin
D levels and careful repletion appear warranted, as is the careful study of the consequences
of vitamin D3 deficiency in patients with prostate cancer and in normal adults.
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Fig. 1.
The mean vitamin D levels amongst the three groups (A, recurrent prostate cancer; B,
localized prostate cancer; and C, controls), drawn during different months.
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Table 1

The baseline patient demographics and vitamin D levels

Group
Variable A B C
No. of patients 120 50 100
Median (range) age, years 70 (46-88) 62 (44-85) 63 (30-92)
Race: Caucasian, % 95 90 90
Summer/autumn sampling 54 40 25
BMI, kg/m?, n(%)
<25 20 (17) 14 (34) NA
25-30 45 (37) 19 (46)
>30 55 (46) 8 (20)
Mean 25-OH vitamin D, ng/mL  25.9 275 245
Vitamin D, n (%)
deficient 48 (40) 9 (18) 31 (31)
insufficient 38(32) 25 (50) 40 (40)
normal 34 (28) 16 (32) 29 (29)

NA, not available.
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