Firefox

1di14

Post-diagnosis serum 25-hydroxyvitamin D

concentrations in women treated
for breast cancer participating
in a lifestyle trial In [taly

A. Fassio', G. Porciello?, G. Carioli®, E. Palumbo?, S. Vitale?, A. Luongo?, M. Prete?,

M. Grimaldi?, R. Pica?, E. Rotondo?, L. Falzone?, |. Calabrese®, C. Montagnese®,
A. Minopoli’, B. Grilli”, M. Cuomo’, P.C. Fiorillo?, C. Evangelista®, E. Cavalcanti’,
M. De Laurentiis'®, D. Cianniello', C. Pacilio'®, M. Pinto'!, G. Thomas'?,

M. Rinaldo', M. D’Aiuto’®, D. Serraino'4, S. Massarut'>, A. Steffan®, F. Ferrau's,
R. Rossello'é, F. Messina'’, F. Catalano'®, G. Adami', F. Bertoldo'®, M. Libra?,
A. Crispo?, E. Celentano?, C. La Vecchia®, L.S.A. Augustin?, D. Gatti'
"Rheumatology Unit, University of Vierona, Italy; ?Epidemiology and Biostatistics Unit, National Cancer
Institute IRCCS “Fondazione Giovanni Pascale”, Naples, Italy; *Department of Clinical Sciences

and Community Health, Univerisity of Milan, Italy; “Division of Radliotherapy, National Cancer Institute IRCCS

“Fondazione Giovanni Pascale”, Naples, Italy; *Healtcare Direction, “A. Cardarelli” Hospital, Naples, Italy;
bInstitute of Food Science, CNR ltaly, Avellino, Italy; "Laboratory Medicine Unit, National Cancer Institute
IRCCS “Fondazione Giovanni Pascale”, Naples, ltaly; #Laboratory of Chemical, Clinical and Microbiological
Analysis, Structural Services Department, S. Giacomo Hospital, Novi Ligure, Italy;

Immunopathology and Cancer Biomarkers Unit, CRO National Cancer Institute IRCSS, Aviano, Italy;

1%Division of Breast Oncology, National Cancer Institute IRCCS “Fondazione Giovanni Pascale”, Naples, Italy;

11Rehabilitation Medicine Unit, National Cancer Institute IRCCS “Fondazione Giovanni Pascale”,
Naples, Italy; "“Clinica Mediterranea, Naples, Italy; *Breast Unit, Clinica Villa Fiorita, Aversa, Italy;
"Unit of Cancer Epidemiology;, CRO National Cancer Institute IRCSS, Aviano, Italy;

"*Department of Surgery, CRO National Cancer Institute IRCSS, Aviano, Italy; "Division of Medical Oncology,

San Vincenzo Hospital, Taormina, Italy; ""Evangelico Betania Hospital, Naples, Italy; ®Cannizzaro Hospital,
Catania, Italy; Department of Medicine, University of Veerona, Italy; 2Oncologic, Clinical and General
Pathology Section, Department of Biomedical and Biotechnological Sciences, University of Catania, Italy

SUMMARY

Objective. To report cross-sectionally serum levels of 25-hydroxyvitamin D [25(OH)D] in women living in
Italy within 12 months from breast cancer (BC) diagnosis.

Methods. Baseline data were obtained from 394 women diagnosed with primary BC, enrolled from 2016 to
2019 in a lifestyle trial conducted in Italy. Subjects’ characteristics were compared between two 25(OH)D
concentrations (hypovitaminosis D<20 and >20 ng/mL) with the Chi-squared test or Fisher’s exact test for
small-expected counts. Using multiple logistic regression-adjusted models, we estimated odds ratios (ORs) of
hypovitaminosis D with 95% confidence intervals (CIs) in the total sample and the unsupplemented subgroup.
Results. Hypovitaminosis D was found in 39% of all subjects, 60% in unsupplemented subjects, and 10% in
supplemented subjects. Increasing ORs of hypovitaminosis D were found with increasing body mass index,
25-30, >30, and >35 versus <25 kg/m? (ORs: 2.50, 4.64, and 5.81, respectively, in the total cohort and ORs:
2.68, 5.38, and 7.08 in the unsupplemented one); living in the most southern Italian region compared to the
northern region (OR 2.50, 95%(CI 1.22-5.13); and with hypertriglyceridemia (OR 2.46; 95%(CI 1.16-5.22), che-
motherapy history (OR 1.86, 95%CI 1.03-3.38), and inversely with anti-estrogenic therapy (OR 0.43, 95%CI
0.24-0.75) in the total sample.

Conclusions. Hypovitaminosis D in women recently diagnosed with BC and participating in a lifestyle trial in
Italy was widespread and highest with obesity, hypertriglyceridemia, and chemotherapy use. Considering that
hypovitaminosis D is a risk factor for lower efficacy of bone density treatments and BC mortality, our results
suggest the need to promptly address and treat vitamin D deficiency.
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H INTRODUCTION

reast cancer (BC) accounts for 30% of

all new cancer diagnoses in females and
still represents the most common cancer
among them (1). Despite significant increas-
es in survival rates in the last decades, a rele-
vant risk of recurrence and death persists (2),
and BC still remains the second leading cause
of death among women globally (3). There s,
therefore, a need for the identification of
modifiable risk factors to further improve
survival and survivors’ quality of life (4).
A possible favorable role of vitamin D in
BC has been explored in the last few dec-
ades. In a meta-analysis of observational
studies, Song et al. (5) found a dose-re-
sponse relationship between serum 25-hy-
droxyvitamin D [25(OH)D] concentrations
and BC risk, while no associations were
found with dietary vitamin D intakes. In-
terestingly, women with more aggressive
BC seemed to have lower concentrations
of circulating 25(OH)D (6). In BC survi-
vors, Friedman ef al. (7) showed that vita-
min D deficiency was highly prevalent and
was associated with BC recurrence and de-
creased survival. A summary of the litera-
ture published in 2021 investigating circu-
lating 25(OH)D concentrations in women
with BC on survival outcomes found 57%
increased overall survival and 44% in-
creased BC-specific survival with higher
concentrations (8). Conversely, in 2017, a
systematic review and meta-analysis of tri-
al data (9), specifically focusing on cancer-
related outcomes, reported null findings
failing to support the clinical benefits of
vitamin D supplementation. However, the
latter meta-analysis had various critical is-
sues beyond the simple lack of statistical
power and depended on the inclusion of
short-term studies with very low doses of
vitamin D, different dosing schedules, dif-
ferent geographical locations, and the lack
of a sufficient proportion of subjects with
vitamin D deficiency at baseline (10). In-
deed, a 2019 meta-analysis of randomized
controlled trials (RCTs) showed that vita-
min D supplementation may reduce cancer
mortality, especially when a daily regimen
is adopted (11). Similar findings in 2020

have been explicitly observed in a second-
ary analysis of the VITAL randomized con-
trolled trial (12). In the VITAL trial, daily
supplementation with 2000 UI vitamin D
(cholecalciferol) reduced the incidence of
metastatic and fatal cancer, with a more
pronounced benefit in individuals with
normal body weight. These results have
been confirmed by the most recent dose-re-
sponse meta-analysis commissioned by the
World Cancer Research Fund, which found
a 6% relative risk reduction of BC-specific
mortality per 10 nmol/L of 25(OH)D (13).

Furthermore, data show that a proportion of
women with early BC treated with cancer
therapies that induce greater bone resorption
and deregulation of bone turnover (e.g., aro-
matase inhibitors, glucocorticoids, chemo-
therapy, radiation therapy) have sub-optimal
circulating concentrations of 25(OH)D,
which could further increase their risk for
bone loss and fractures (14-16). Chemother-
apy, in particular, may reduce circulating
25(OH)D concentrations (17-21) through al-
tered activities of hepatic drug-metabolizing
enzymes due to the upregulation of CYP3A4
as a defense mechanism from highly toxic
drugs and through the avoidance of sunlight
due to chemotherapy-induced photosensi-
tivity (22). Geographical location has been
hypothesized to affect vitamin D status with
a direct relationship between sunshine and
25(OH)D levels; however, this may not be
true for southern European countries, where
the evidence suggests the opposite, possibly
due to the avoidance of sun exposure during
intense heat (23).

Given that circulating 25(OH)D concen-
trations among BC survivors are typically
low, which may negatively impact patients’
prognosis, and since knowledge of the cor-
relates of normal concentrations among BC
survivors is limited, we examined factors
that may be associated with vitamin D de-
ficiency or sufficiency among BC survivors
participating in the DEDiCa trial (diet, exer-
cise, and vitamin D in BC recurrence) (24).

H MATERIALS AND METHODS

This is a cross-sectional analysis of data
from the DEDiCa study, which is an ongo-
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ing multicenter randomized controlled trial
of the effectiveness of a treatment program
including dietary modification, physical
activity, and vitamin D supplementation
on BC recurrence conducted in five cancer
centers in Italy. The main goal of the DED-
iCa study is to test the effect of a 33-month
lifestyle program combining quarterly ad-
vice on a Mediterranean diet, exercise, and
vitamin D supplementation at two concen-
trations of intensity on BC recurrence and
disease-free survival. Women aged >30 and
<75 years (n=506) diagnosed with primary
histological confirmed BC (stages I-III)
in the previous 12 months and willing to
sign the consent form were enrolled in the
study. Suitable participants were identified
through the surgical lists of collaborating
hospitals, contacted by telephone, and of-
fered to learn more about the study during
group information sessions. The protocol
was approved by the Italian Ministry of
Health, the Italian Medicine Agency, and
the ethics boards of each recruiting hos-
pital (ClinicalTrials.gov, NCT02786875).
The full details of the study protocol have
been published elsewhere (24). Inclusion
criteria were: women with a primary diag-
nosis of histologically confirmed BC with-
out metastases (stages I-I1I; T1 with Ki67
>30%, T2 and T3) within 12 months from
diagnosis; age >30 and <75 years; patients
able to comprehend and willing to sign the
consent form, and able to adhere to the
protocol, including scheduled clinic visits
and assigned treatment. Exclusion criteria
were: patients who did not possess the in-
clusion criteria for this study; patients with
sarcoidosis or other granulomatous dis-
eases or with hypercalcemia (Ca>11 mg/
dL); patients with any previous or current
concomitant malignant cancer; pregnant
or lactating women; patients with acquired
immunodeficiency syndrome diagnosis;
patients with severe renal insufficiency; pa-
tients with kidney stones (nephrocalcinosis
or nephrolithiasis); patients participating in
other lifestyle clinical trials.

For all other information (type of surgery,
concomitant therapies, efc.), the reader is
invited to refer to our previous publications
(4, 24). For the present analysis, data from
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394 women with BC recruited from No-
vember 2016 to April 2019 were included.
During the baseline visit, information was
collected on vitamin D supplementation
(starting and ending dates, dose, and brand)
prior to randomization, pharmacologi-
cal therapies, smoking status, education,
physical activity, anthropometric variables,
blood pressure, serum 25(OH)D concentra-
tions, and other biochemical analyses. The
participants were recruited and followed
up in national cancer institutes or onco-
logic departments of hospitals located in
southern and northern Italy: Istifuto Nazio-
nale Tumori IRCCS Fondazione G. Pascale
(Naples) as the coordinating center; Clini-
ca Mediterranea (Naples); Villa Betania
(Naples); Cannizzaro Hospital (Catania);
San Vincenzo Hospital (Taormina); Istituto
Nazionale Tumori IRCCS CRO (Aviano).
The multicenter nature of the study gave
the opportunity to study vitamin D sta-
tus among Italian regions (Friuli Venezia
Giulia, Campania, Sicily) located at dif-
ferent latitudes (northern Italy, 46.2259°,
center-south, 41.109947°, and far south,
37.500000°, respectively).

Biochemical analyses

Serum concentrations of 25(OH)D were
analyzed using DiaSorin kits on the Liaison
XL analyzer (DiaSorin, Saluggia, Italy) by
the chemiluminescent method (CLIA). Se-
rum concentrations of glucose, total cho-
lesterol, high-density lipoprotein choles-
terol, low-density lipoprotein cholesterol,
triglycerides, and liver enzymes [alanine
aminotransferase (ALT) and aspartate ami-
notransferase (AST)] were measured using
reagents and an analyzer (Cobas C6000) by
Roche Diagnostics (Monza, Italy) accord-
ing to the manufacturer’s instructions.
Serum samples collected in Vacutainer
tubes without anticoagulant (Becton, Dick-
inson and Co., Franklin Lakes, NJ, USA)
were analyzed within 2 hours from a blood
test or thawing (for samples shipped from
distant recruiting centers). All analytes
were measured in the coordinating hospi-
tal’s routine analytical laboratory, undergo-
ing standard quality control procedures.
Hypovitaminosis D, or vitamin D defi-
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ciency for the current analysis, was defined
as serum 25(OH)D concentrations <20 ng/
mL. Insulin resistance was defined as a
homeostatic model assessment for insulin
resistance >2.

Statistical analysis

Categorical variables were compared be-
tween two baseline 25(OH)D concentra-
tions (<20 and >20 ng/mL) using the Chi-
squared test (or Fisher’s exact test when
appropriate, ie., small expected counts)
in vitamin D orally supplemented patients
and in non-supplemented patients. Supple-
mented patients were those who reported
actively taking any dose of oral vitamin D
before randomization.

Using adjusted multiple logistic regression
models, we estimated the odds ratios (ORs)
for vitamin D deficiency 25(OH)D<20 ng/
mL) and their corresponding 95% con-
fidence intervals (Cls) for the following
variables: age (<45/45-49/50-54/55-59/60-
64/>65 years), geographical region (Cam-
pania/Sicily/Friuli Venezia Giulia), educa-
tion (primary, middle/high school and uni-
versity), body mass index (BMI) (<25/25-
30/30-35/>35 kg/n?), steps/day (sedentary,
low-active <7500 steps/day, medium and
high-active >7500 steps/day) and smoking
habits (never/ever/former). The same mod-
el, excluding the term for BMI, was used
to estimate the OR for waist circumference
(<88/88-100.5/>100.5 cm). We calculated
the ORs for vitamin D deficiency also for
hypertriglyceridemia (<150/2150 mg/dL),
hypercholesterolemia (<130/>130 mg/dL),
AST (<32/232 U/L), ALT (<33/233 U/L),
chemotherapy (yes/no), radiotherapy (yes/
no), hormone therapy (yes/no) using multi-
ple logistic regression models. These latter
included adjustments for age, geographical
region, education, BMI, steps/day, smok-
ing habit, chemotherapy, seasonality of
blood collection (April-October versus No-
vember-March) and oral vitamin D supple-
mentation (yes/no) prior to randomization.
We conducted analyses in the total cohort
of patients (n=394) as well as in the sub-
group of women reporting no supplemen-
tation with oral vitamin D before randomi-
zation (unsupplemented n=227, 58% of the

total). Statistical analyses were performed
using SAS 9.4 (SAS Institute, Inc., Cary,
NC, USA) and SPSS software, version 22
(SPSS, Inc., Chicago, IL, USA).

B RESULTS

This cross-sectional analysis involved 394
women with BC. Baseline data on vitamin
D supplementation prior to study start, se-
rum of 25(OH)D concentrations, and other
baseline characteristics are reported in Ta-
ble I. Women with hypovitaminosis D rep-
resented 39% of the overall study popula-
tion, 60% of the unsupplemented subgroup
(n=227), and 10% of the supplemented
subgroup (n=167). Women in the latter
group reported oral cholecalciferol sup-
plementation daily, weekly, bimonthly, or
monthly before baseline at a corresponding
daily dose of <1000 IU (n=27), 1000-2500
IU (n=52), 30004000 IU (n=76), 5000-
10000 IU (n=7) while no specific dose was
reported by five subjects. The average sup-
plementation time was 15.3 months, with
a median of 5.6 months (range: 4 days to
19 years before baseline). The univariate
analysis performed in the unsupplemented
subjects found a significant association be-
tween the prevalence of hypovitaminosis
D and region of residence (geographical
region), level of education, BMI, waist cir-
cumference, and daily steps.

Table II shows the adjusted OR of hypo-
vitaminosis D with 95% Cls for hypertri-
glyceridemia, hypercholesterolemia, liver
enzymes, and cancer therapies and selected
characteristics in non-supplemented pa-
tients and in the total cohort. Patients living
in Sicily were found to be at higher risk of
hypovitaminosis D when compared to those
living in Campania. This was observed
both in the unsupplemented subgroup (OR:
2.40; 95% CI: 1.09-5.29) and in the whole
study population (OR: 2.50; 95% CI: 1.22-
5.13). Increasing ORs of hypovitaminosis
D were found with increasing BMI (OR
2.5; 95% CI: 1.30-4.84; OR: 4.64; 95%
CI: 2.08-10.35; OR: 5.81; 95% CI: 2.35-
14.34 for BMI 25-29.9, 30-34.9, and 235,
respectively, as compared to BMI<25) in
the total sample. Similar results were seen
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in the unsupplemented subgroup. These
results were also reflected in classes of in-
creasing waist circumference, where the
ORs were 2-fold and 4-fold greater for
waist circumferences of 88-100.5 cm and
>100.5 cm, respectively. Hypertriglyceri-
demia (triglycerides>150 mg/dl) was as-
sociated with an over 2-fold higher risk
of hypovitaminosis D, but only when con-
sidering the whole population (OR: 2.46;
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95% CI: 1.16-5.22). Among cancer treat-
ments, only chemotherapy was associated
with hypovitaminosis D in the total cohort
(OR: 1.86; 95% CI: 1.03-3.38). Interest-
ingly, hypovitaminosis D was inversely re-
lated to oncologic hormonal therapy in the
total sample (OR 0.43, 95% CI 0.24-0.75)
and in the unsupplemented subgroup (OR:
0.53; 95% CI: 0.28-1.01). The results did
not change after allowing for the season of

|PAPEFi

Table | - Distribution of 394 cases of breast cancer according to any oral vitamin D supplementation before the study start, baseline
serum 25-hydroxyvitamin D concentrations and selected characteristics.

Oral vitamin D supplements
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Baseline 25(0H)D Baseline 25(0H)D Baseline 25(0H)D
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et v g O s ' 5 T o 1o o) o 4 0 5
missing values,

blood drawing as a possible confounding
variable in the model, except for the liver
enzyme AST, which was no longer signifi-
cantly associated with hypovitaminosis D
(OR: 3.95; 95% CI: 0.95-16.49).

Table 11 reports the proportions of supple-
mented subjects and subjects with vitamin
D deficiency, with and without oral vitamin
D supplementation before baseline, in dif-
ferent geographical regions. The lowest
percentage of people supplemented and the
highest prevalence of hypovitaminosis D
were found in Sicily. A significantly higher
OR for vitamin D deficiency was found
in patients with insulin resistance when
evaluated by the homeostatic model assess-
ment index (OR: 2.16; 95% CI: 1.24-3.75,
p=0.0063), but significance was lost after
correction for multiple confounding fac-
tors such as BMI and waist circumference.

Among the supplemented subjects, 10%
presented with hypovitaminosis D [25(OH)
D <20 ng/mL], although these women also
had a higher mean BMI of 30.5+5.9 com-
pared to 27.5+5.8 kg/m? in people without
hypovitaminosis D (p=0.046).

B DISCUSSION

We investigated participants’ characteris-
tics associated with hypovitaminosis D in
women enrolled in the DEDICa trial (24),
an ongoing multicenter RCT evaluating
the effectiveness of a treatment program
inclusive of dietary modification, physical
activity, and vitamin D supplementation
on BC recurrence in women with BC. Our
results from baseline data confirm that hy-
povitaminosis D in Italy is common in BC
patients, regardless of latitude and age. The
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Table II - Distribution of breast cancer cases by serum 25-hydroxyvitamin D concentrations and odds ratios with 95% confidence
intervals for selected characteristics in non-vitamin D supplemented patients before the study start and in the total sample.

Non-vitamin D supplemented (227) Total sample (394)
B0 B S | | | o |
n (%) n (%) (95%CY) n (%) n (%) (95%Ch (85%Ch)

Geographical region

Campania 77666 | 63(692) e 87(69 | 183(759 1 1

Sicily 13316 | 14(154) |240(100529 | 44(288 | 2083 |250(122513) | 286(1.36:602)

FridiVeneziaGiia | 16(118) | 14(154) | 130(053322) | 22(144) | 38(158) |202(0954.33 | 1.95(0.904.19

Education

gg‘um 7165) 66 (76.7) 1o 81659 | 164(71) e e

Prmaryandmidde | gg g 2033 | 1.81(092-35) | 6444.1) 67(29) | 162(092-287) | 160(089-288)

Age (vears)

<45 20048 | 21231) 1 23(15) 50(208) 1 1

1549 235 | 2042 |19207548)| B@29 | 51012 | 146(064-331) | 166(0.72-385)

5054 27(199 | 18(19.8) | 147(056387)| 30(196) | 47(195 |119(051-2784 | 126(053302)

5550 (84 | 16(176 | 175(06448)| 26(17) 20(162) | 1.18(0492.83) | 1.38(056-339

6064 12889) 888 | 063(017227)| 1402 | 25(104) |070(0232.14) | 0.77(0252.41)

565 20(147) 666 |206059721)| 25163 | 29(19 | 191(071-514) | 229(083632)

BMI (kg/n?)

25 3252 | 49(5.) e BE50 | 111466 e 1

2530 4748 | 260202 |268(128563 | 51(386) | 66(27.7) | 250(1.30-484) | 252 (1.29-491)

3035 28(207) | 9(101) (5382011440 33(17) | 37(156) |464(208-10.35)| 462 (205-1043)

>3 26(193) 566 7082182297 30(197) | 24(10.1) |581(235-1434) 5.9 (2.38-1490)

Waist circumference

(cm)

<8 022 | 43483 e BRI | 8@ e e

88-1005 5085 | 27(303) |262(127543 | 57375 | 73(307) | 269(140517) | 249(1.28483)

51005 53303 | 19@14) |418(185947)| 62408 | 67(282) |406(202-817) | 391(1937.91)

Steps/day

Medim and high 250185 | 30(349 e 28(184) | 6106.1) 1 1

g actve 2E1Y) | 5001 |21509548 | 48316 | 73312 | 190(093388) | 166(080-345

Sedentary <5000 68(504 | 31361 |175(07839)| 76(00 | 100427 | 1.68(082-345) | 1.33(064-278)

Hypercholesterolemia

(mg/dL)

<150 109802 | 81(69) e 1978 | 213884 e 1

>150 27(199) 0(11) | 155063383 | 34222 | 28(116) |246(116522) | 245(113529

Colesterolemia

(mg/dL)

<130 74648 | 57(626) e 7961 | 150(622) e 1

>130 61452 | 34(374) |130(069244) | 7348 | 91(37.8) | 149(087-255 | 150(0.86-259)
Continue >>>

2B Reurtiso /2004

04/06/2024, 13:09



Firefox

9di14

about:blank

ORIGINAL
Post-diagnosis serum 25-hydroxyvitamin D concentrations in women treated for breast cancer |PAPER
Continue >>>
Non-vitamin D supplemented (227) Total sample (394)
ngnt) | ez0ngiy | o | ngiy | c2ongmty | oOF o
n (%) n (%) (9% C) n (%) n (85%C) (85%C)
AST (UIL)
X 128041 | 8979 1° 14335 | 285975 e 1
>3 869 202 |305(0531736| 1065) 65 |486(1.17-20.10)| 395 (0.94-16.49)
ALT? (UIL)
B 12824 | 82001) 1 12768 | 20013 1 °
>33 (77 | 909 | 175068449 | 26(17) 2187) | 166(074372) | 156(069351)
Chemotherapy
No 27 (20) 23(25.8) 1c 32(21.1) 100 (41.8) & 1c
Yes 108 (80) 66 (74.2) 1.49(0.72-3.12) 120(79) 139(58.2) | 1.86(1.03-3.38) | 1.87 (1.02-3.42)
Hormonotherapy?
No 75(55.6) 39(44.3 1° 83(55) 66 (28) e i1
Yes 60 (44.4) 49(55.7) | 0.53(0.28-1.01) 68 (45) 170(72) 0.43(0.24-0.75) | 0.47 (0.27-0.85)
Radiotherapy
No 61(45.2) 35(39.9) 1P 65 (43.1) 79(33.1) 1 1P
Yes 74 (54.8) 54 (60.7) 0.80(0.43-1.49) 86 (57) 160 (67) 0.90(0.52-1.54) | 0.86 (0.49-1.49)

25(0H)D, 25-hydroxyvitamin D; OR, odds ratio; Cl, confidence interval; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; 2model
adjusted for: age, geographical region, education, body mass index, steps/day and smoking habits; “mode! with additional seasonal adjustment April-October versus
November-March; creference category: aromatase inhibitors (n=139), luteinizing hormone-releasing hormone (n=52), tamoxifen (n=45).

higher prevalence of hypovitaminosis D
was associated with overweight, measured
either with BMI or waist circumference,
and geographical region of residence.

We found a high prevalence of hypovita-
minosis D (60%) in patients without any
supplementation treatment, while a low
prevalence (10%) was found in women
who were treated with vitamin D supple-
mentation at any dose prior to the study
start. Similarly, the COBRA study in the
Netherlands found 50% hypovitaminosis

D in women with BC just before and dur-
ing chemotherapy (17). The current recom-
mendations for the correction of deficiency
from the Italian Society of Osteoporosis
and Bone Metabolic Diseases (25) suggest
a total cumulative dose of 600,000-900,000
IU to be administered over a few weeks,
followed by a maintenance dose of 800-
2000 IU. According to the Summary of
Product Characteristics of cholecalciferol,
the highest dose allowed for the correction
of vitamin D deficiency is 4000 IU daily,

Table Il - The proportion of subjects with vitamin D deficiency (25-hydroxyvitamin D<20 ng/mL) by oral vitamin D supplementation
before the study start, overall and by geographical region (north: Friuli Venezia Giulia; center-south: Campania; south: Sicily).

All'subjects | Friuli VeneziaGiulia|  Campania Sicily

(n=3%4) (n=60) (n=270) (n=64)
Supplemented prior to study start 167/394 (42.4%) 30/60 (50%) 130270(48.1%) |  7/64 (10.9%)
Vitamin D deficient 153394 (38.8%) | 22/60(36.7%) | 87/270(322%) | A44/64 (68.7%p>
Vitamin D deficient despite supplementation 171167 (102%) 6/30 (20%) 101130 (7.7%) 117 (14.3%)
Vitamin D deficiency non receiving supplementation |  136/227 (59.9%) | 16/30(533%) | 77/140(550%) | 43/57 (75.4%F®

a<0.01 versus Friuli Venezia Giulia; p<0.01 versus Campania; °p<0.05 versus Friuli Venezia Giulia.
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followed by 750-2000 daily IU for main-
tenance (26).

The results of our study show that hypovi-
taminosis D increases with increasing BMI
and waist circumference, not only in the
unsupplemented subgroup but also in the
whole sample studied. These data support
the hypothesis of a potentially bi-direction-
al relationship between hypovitaminosis
D and obesity and waist circumference,
already suggested by previous studies (27-
30). These observations are of interest in
light of recent data confirming the direct
associations between obesity, high waist
circumference, and cancer of the colon,
corpus uteri, and postmenopausal BC (31).
For this reason, it cannot be excluded that
the association between vitamin D defi-
ciency and BC could also be mediated by
excess adiposity.

Aromatase inhibitors (Al) provide a sig-
nificant benefit to BC patients with estro-
gen receptor positivity (32). However, they
also modify body composition by increas-
ing adiposity and the risk of osteoporo-
sis and fractures (33). Thus, if high BMI
and waist circumference increase the risk
of BC and hypovitaminosis D, the use of
Al could represent an additional risk fac-
tor for both fractures and vitamin D defi-
ciency. Surprisingly, we observed a lower
risk of hypovitaminosis D in patients tak-
ing anti-estrogenic therapy, even in the un-
supplemented patients, albeit less strongly.
If this is not a spurious finding related to
more vitamin D supplementation associ-
ated with this class of medications, it may
represent a beneficial side effect of anti-es-
trogenic therapy, perhaps due to the well-
known interactions between vitamin D and
sex steroids in oncology patients (34-36).
This hypothesis, however, requires further
confirmation in a study with a controlled
vitamin D treatment and with repeated
measurements of serum 25(OH)D and sex
steroids over time.

The association between hypovitaminosis
D and obesity-induced metabolic disorders
is well established, although the mecha-
nisms underlying these relationships have
not been entirely elucidated (37). Calci-
triol [1,25(0OH),D)] may affect insulin se-

cretion through the regulation of calcium
fluxes into pancreatic beta-cells, insulin
sensitivity by influencing the expression of
insulin receptors through activation of the
peroxisome proliferator activator recep-
tor enzyme-delta, and beta-cell function
by reducing cytokine-induced apoptosis
(38-44). In the present study, we found a
higher OR for vitamin D deficiency in pa-
tients with insulin resistance; however, sig-
nificance was lost after correction for BMI,
waist circumference, and physical activity.
We suggest a possible sequestration of vi-
tamin D by adipose tissue; however, due to
our small sample size, this hypothesis re-
quires further confirmation in larger stud-
ies.

When analyzing the region of residence,
subjects living in Sicily (the southernmost
location among DEDiCa recruiting cent-
ers) were at higher risk of hypovitaminosis
D. In addition, this was the subgroup with
the lowest rate of vitamin D supplementa-
tion (10% in Sicily versus 50% in Cam-
pania and Friuli Venezia Giulia), and as
expected, supplemented subjects showed
the lowest prevalence of hypovitaminosis
D. It is reasonable to suspect that, in these
regions, relying only on hypothetically
“good” solar exposure might be associated
with inadequate supplementation. These re-
sults support the consolidated findings that
the southern European countries have the
highest prevalence of vitamin D deficiency
at all ages (23). In addition, the percentage
of supplemented people was substantially
similar at all ages, possibly suggesting that
this aspect of general health is still poorly
managed by both patients and clinicians.
Of note, one supplemented subject out of
10 remained deficient despite vitamin D
supplementation; this subgroup was also
characterized by a higher BMI, confirming
the role of fat mass in vitamin D status.
Age was not found to be a significant risk
factor for hypovitaminosis D, and in all age
groups, the prevalence of deficiency was
close to or even higher than 50%. Howev-
er, previous data in the general population
showed an inverse relationship between
age and vitamin D (45). This unexpected
inconsistency may be a specific feature re-
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lated to the disease itself or its treatments
on vitamin D metabolism or a possible in-
fluence of vitamin D deficiency on onco-
genesis (46).

When we considered the impact of the dif-
ferent pharmacological therapies in the
whole cohort, we found that chemotherapy
was associated with a significant increase
in the risk of hypovitaminosis D. In our
opinion, this finding may represent a rea-
son in favor of cholecalciferol supplemen-
tation, even if we still do not know whether
vitamin D deficiency is a direct conse-
quence of the treatment (i.e., higher catab-
olism of vitamin D) or it is due to the fact
that this subgroup of patients had a more
severe form of the disease. The scientific
literature suggests a role for chemotherapy
in the onset or worsening of hypovitamino-
sis D (47, 48). It is possible that this could
be the consequence of an increase in BMI
and adipose tissue observed in early-stage
BC patients undergoing adjuvant chemo-
therapy (47). Additionally, it could be
speculated that, during chemotherapy, pa-
tients feel unwell and therefore spend more
time indoors, and finally, some treatments
induce photosensitivity; hence, patients are
advised to avoid sun exposure.

Our study has limitations. In clinical prac-
tice and in the present study, serum 25(OH)
D concentrations are measured by CLIA,
a method that can be affected by interfer-
ence, potentially resulting in underestima-
tions (49, 50), unlike liquid chromatogra-
phy/mass spectrometry, which is currently
considered the most accurate and precise
method for measuring 25(OH)D (51, 52).
Limitations of platform assays to measure
serum 25(OH)D concentrations may im-
pact guidelines and practice decision-mak-
ing (53). According to the International Vi-
tamin D Standardization Program, enzyme
immunoassays with a coefficient of varia-
tion of <10% and an average of <5% are
acceptable (54). The LIAISON® 25 OH
Vitamin D TOTAL Assay utilized in our
study is a Centers for Disease Control and
Prevention-certified method (CDC Certi-
fied Vitamin D Assays-508) and approved
by the “Vitamin D Protocol” certification
program (52); furthermore, all vitamin D

about:blank
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measurements were appropriately cali-
brated using calibrators integrated into the
reagent cartridge.

A sun-exposure questionnaire tested on
healthcare workers in southern Italy pre-
dicted circulating 25-(OH)D concentra-
tions (55). Although patients with BC in
Italy are advised to refrain from sun expo-
sure during chemotherapy treatment due
to drug-induced photosensitivity, we were
able to account for sun exposure by tak-
ing into consideration the season of blood
drawing; however, no substantial difference
in results was observed after the seasonal
adjustment of the original model. Further-
more, given the cross-sectional nature of
our data, we cannot infer causality, and the
associations we found could be biased by
unknown factors or by the heterogeneity of
the sample. The relevant limitations of this
analysis of baseline data from the DEDiCa
trial include exclusively descriptive analy-
ses and unavoidable heterogeneity in terms
of sun exposure, in addition to the dose
and duration of vitamin D supplementa-
tion. However, even though the data were
derived from a clinical trial, the number of
subjects randomized is large enough to al-
low for a baseline cross-sectional analysis
for explorative purposes, i.e., to investigate
which variables, if any, may cluster in the
vitamin D sufficiency group and which in
the insufficiency group.

H CONCLUSIONS

In conclusion, this study shows that in a
population of women residing in Italy and
diagnosed with BC without metastasis
within one year from diagnosis, the preva-
lence of vitamin D deficiency is still high,
regardless of the subjects’ age and the lati-
tude of residence. Overweight or obese pa-
tients were the most at risk, as were those
undergoing chemotherapy. Recent data on
the potential protective effect of vitamin
D on the risk of neoplastic recurrence and
death and the frequent need for skeletal
protection treatments, which are known
to be less effective in hypovitaminosis D
conditions (56), make it imperative for
any physician treating these patients to ad-
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equately address and treat vitamin D defi-
ciency.
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