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Abstract: (1) Background: Vitamin D levels in patients remain inadequately understood, with research
yielding inconsistent findings. Breast cancer patients, particularly due to oncological therapies, face
an increased risk of osteopenia, which can be exacerbated by a vitamin D deficiency. (2) Methods:
The prospective observational “BEGYN-1" study assessed serum 25(OH)D levels at baseline and
quarterly thereafter. Clinical, pathological, nutritional, vitamin supplementation, and lifestyle data
were recorded. (3) Results: Before treatment, 68.5% of patients were vitamin D deficient (<30 ng/mL),
with 4.6% experiencing severe deficiency (<10 ng/mL). The median baseline 25(OH)D levels were
24 ng/mL (range: 4.8 to 64.7 ng/mL). Throughout the study, the median vitamin D levels increased
to 48 ng/mL (range: 22.0 to 76.7 ng/mL). Before diagnosis, 16.7% received vitamin D substitution,
and 97.8% received vitamin D substitution throughout the year with a median weekly dose of
20,000 IU. It took at least three quarterly assessments for 95% of patients to reach the normal range. A
multiple GEE analysis identified associations between 25(OH)D levels and supplementation, season,
age, VLDL, magnesium levels, and endocrine therapy. (4) Conclusions: Physicians should monitor
25(OH)D levels before, during, and after oncological therapy to prevent vitamin D deficiency and to
adjust substitution individually. While variables such as seasons, age, VLDL, magnesium, diet, and
oncological interventions affect 25(OH)D levels, supplementation has the greatest impact.

Keywords: vitamin D; breast cancer; nutrition; complementary medicine; antitumoral therapy

1. Introduction

Breast cancer is the most common malignancy worldwide. In the year 2020, 2.3 million
people were diagnosed with breast cancer according to the World Health Organization [1].
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It is assumed that the incidence will further increase and by 2040, 3 million people will be
diagnosed per year [1]. For this reason, physicians and scientists are constantly working
on optimizing prophylaxis, diagnostics, treatment, and therapy strategies. Also, patients
themselves want to contribute to the success of treatment. Therefore, the intake of vitamins,
micronutrients, or nutritional supplements has become very popular in recent years [2].
However, the effectiveness regarding oncological treatment is considered controversial [2].

One of the most famous vitamins used in this context is vitamin D. It is known that
vitamin D deficiency is frequent, with, depending on the source and cut-off values, about
58-77% of German women being affected [3,4]. It can be distinguished between mild,
moderate, or severe vitamin D deficiency with serum 25-hydroxyvitamin D (25(OH)D)
levels being <30 ng/mL, <20 ng/mL, or <10 ng/mL, respectively [5]. A previous meta-
analysis showed the association between 25(OH)D levels and breast cancer prognosis,
as well as mortality [6]. Even breast cancer development was linked to 25(OH)D levels
in preclinical and animal studies [7,8]. Although, a causal relationship between vitamin
D and carcinogenesis in breast cancer patients could not yet be demonstrated in clinical
studies [8-10].

Vitamin D plays an important role in bone metabolism. Vitamin D deficiency was
associated with increased mortality, as well as unfavorable skeletal outcomes, e.g., fractures
or bone loss [5]. Additionally, bone metabolism is affected by oncological treatments
in breast cancer patients. Of all breast cancer patients, 70-80% suffer from a hormone
receptor positive disease and therefore require endocrine therapy [11]. It is known that
endocrine therapy with aromatase inhibitors in hormone receptor positive breast cancer
patients leads to osteoporosis [12]. Estrogen reduces osteoclast-mediated resorption of the
bone and promotes osteoblast-mediated bone formation [13]. With the inhibition of the
aromatase enzyme, estrogen levels fall and therefore bone renewal and strengthening are
reduced [12]. Furthermore, chemotherapy with anthracyclines and taxanes in breast cancer
patients was associated with a worsening of bone mineral density within 6 months and
an elevated risk of major osteoporotic fractures at 10 years [14]. In addition, the impact
of vitamin D deficiency on therapy-related side effects was shown since patients with
paclitaxel chemotherapy suffered polyneuropathy more frequently [15]. As vitamin D
deficiency can further deteriorate bone mineral density [5], it is crucial to treat vitamin D
deficiency before, during, and after oncological treatment.

The reference range for vitamin D serum level (25(OH)D) is 30-100 ng/mL [16].
Changes in vitamin D levels during oncological treatments were reported previously.
Kok et al. observed a decrease in 25(0OH)D levels during chemotherapy, with recovery
occurring six months after treatment completion [17]. Similar results were observed by Kim
et al. [18]. Moreover, they saw an increase in 25(OH)D levels in premenopausal patients
with tamoxifen therapy, an estrogen receptor modulator [18].

In the current analysis, we investigated the course of vitamin D levels throughout the
first year of newly diagnosed, non-metastatic breast cancer patients. Patients underwent
quarterly controls and received substitutions if applicable. We wanted to find answers
on how the vitamin D level changed during oncological therapies (e.g., chemotherapy,
radiotherapy, endocrine therapy, Her2 targeted therapy), and how vitamin D substitution
and lifestyle factors contributed to these changes during the first year after diagnosis of
breast cancer.

2. Materials and Methods
2.1. Data Collection

During September 2019 and January 2021, the prospective observational BEGYN-1
study recruited 110 non-metastatic breast cancer patients at the Saarland University Medical
Center. The study was approved by the ethical committee of the Medical Association of
Saarland (study #229/18, date of approval: 11 June 2019). The inclusion criteria were female
sex, age > 18 years, invasive non-metastatic breast cancer, sufficient German language skills
(to fill out questionnaires and activity diaries), and sufficient technical skills/support to
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use a smartphone and fitness tracker. Furthermore, every patient needed to sign a written
informed consent. Patients were excluded if they received any oncological treatment
prior to the baseline assessments, if their life expectancy was less than 12 months, if they
had a non-invasive disease (e.g., carcinoma in situ), if they had a current history of other
neoplasia, if they were unable to perform a spiroergometry on the treadmill, or if they were
pregnant or breast feeding.

A serum concentration of 25(OH)D was measured using the LIAISON® 25 OH Vitamin
D TOTAL Assay (DiaSorin, Saluggia, Italy, REF 310600). The assessments were carried out
at the baseline visit (before the start of any pharmacologic, radiation or operative therapy)
and then every 3 months throughout the first year after initial diagnosis (Figure 1). The
supplementation of vitamins and trace elements was documented at each visit. Patients
received supplementation of vitamin D according to their test results and the previously
published algorithm for vitamin D dosing by Bleizgys [19]. Most frequently, Cholecalciferol
20,000 IU was prescribed.

5 110 patients
0 months (baseline) (108 25(OH)D levels)
9 drop outs
101 patients
3 months (100 25(0H)D levels)
5 drop outs
96 patients
6 months (96 25(0OH)D levels)
4 drop outs
92 patients
9 months (92 25(0OH)D levels)
1 drop out
91 patients d . |
12 months (91 25(0H)D levels) ‘ 19 dropouts in tota

Figure 1. Time of assessments. At baseline assessment (0 months), a total of 110 patients participated
in the BEGYN-1 study. Of those patients, 25(OH)D levels were measured of 108 patients. At the
final assessment, a total of 91 patients were still in the BEGYN-1 study and received measurement of
25(OH)D levels.

Other laboratory values were drawn for all 3 months and analyzed in a routine
clinical laboratory. A bioelectrical impedance analysis was performed using the TANITA
BC-601 scale ™, Tanita Europe BV, Stuttgart, Germany. Furthermore, information from
clinicopathological data was retrieved from the hospital’s digital documentation system
(SAP, Walldorf, Germany). Data on sun exposure and nutrition was achieved using a
questionnaire at the baseline visit. Data on sun exposure, use of sun protection, and
avoidance of going outdoors during “sunny hours” were recently published [10]. Data
collection was described in detail previously in the BEGYN study protocol [20].

2.2. Statistics

For statistical analyses, SPSS 28.0 (IBM, Armonk, NY, USA) was used. Qualitative
parameters are presented as frequencies and quantitative parameters are given as mean with
standard deviation or as median with range. The Kolmogorov-Smirnov test was used to
test for normal distribution. The association of 25(OH)D levels with lifestyle variables (e.g.,
age, weight, season of assessment, body composition), laboratory values, and antineoplastic
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therapy-related factors (e.g., chemotherapy, endocrine therapy, HER2 targeted therapy,
radiotherapy, polyneuropathy, tumor marker, polyneuropathy) throughout the year were
analyzed using a Generalized Estimating Equations analysis (GEE analysis). Therefore,
univariable GEE analysis was performed first. All of the statistically significant variables
have been incorporated in a multiple GEE analysis. A multiple GEE analysis was then
repeated to prove accuracy. The GEE analysis was employed for parameter estimation in a
generalized linear model, accounting for correlations among observations across various
timepoints [21].

Some values, such as questionnaires on dietary habits and data on genetic mutation,
were only available at the baseline visit. Therefore, linear regression was carried out to
analyze an association between baseline vitamin D serum levels and possible influencing
factors. Regarding dietary habits, patients who substituted vitamin D were excluded
for the analysis. Linear regression was first performed in a univariate analysis. As only
one value provided a statistically significant result, no multiple linear regression was
performed afterwards.

3. Results

At the baseline visit, a total of 110 patients participated in the BEGYN-1 study. As-
sessments were conducted every 3 months throughout one year after the first diagnosis of
breast cancer (0 = baseline, 3, 6, 9 and 12 months, Figure 1).

A total of 19 patients dropped out of the study. Data on tumor biology and tumor entity
were previously published [10]. The median patients” age was 55 years (min. 26, max. 81).
At the baseline assessment, 77 patients (70%) were postmenopausal. Genetic testing was
carried out in 42 patients (39%). Of these patients, eight patients (7%) were BRCA1/2
positive, two patients (2%) had a CHECK2 mutation, one patient (1%) had a CHECK3
mutation, and one patient (1%) had an ATM mutation. The occurrence of polyneuropathy
was assessed using the Common Toxicity Criteria (CTC criteria), a standardized set used to
classify the adverse effects of drugs utilized in cancer therapy [22].

Before the initiation of therapy, 68.5% of patients were vitamin D deficient, with a
median serum 25(OH)D of 24 ng/mL (min. 4.8, max. 64.7). Throughout the year, median
vitamin D level increased to 48 ng/mL (min. 22.0, max. 76.7 ng/mL), Table 1. A total
of 18 patients (16.7%) received vitamin D substitution at baseline visit. At the end of the
study year, 89 patients (97.8%) needed vitamin D substitution, regardless of the season
of assessment (Table 1). The vitamin D levels in patients dependent on the season of
assessment and on different time points (0, 3, 6, 9, 12 months) are displayed in Figure 2, as
well as in Supplements (Figure S1).

Table 1. Serum 25(OH)D levels in ng/mL throughout the year (0, 3, 6, 9, 12 months), depending on
seasons with or without substitution.

Time of Substitution Frequency Mean ng/mL Median ng/mL Season of Assessment ***
Assessment 1 (%) (£SD *) (Min-Max **) 1 (%)

SP =11 (12.2%)

no 90 (83.3%) 243 (£11.1) ( 4.5_1;;2) 2% := }191 ((311516(:2))

WI =19 (21.1%)
SP =2 (11.1%)

0 months (baseline) yes 18 (16.7%) 39.4 (£15.7) a 5'37%61 47) ?Uzzzg(l(é bl(z ‘;)
WI =5 (27.8%)

SP =13 (12.0%)

all patients 108 (100%) 26.8 (+13.2) ( 4;:1627) i% - é%) ((296‘;//))

WI = 24 (22.2%)
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Table 1. Cont.

Time of Substitution Frequency Mean ng/mL Median ng/mL Season of Assessment ***
Assessment 1 (%) (£SD *) (Min-Max **) 1 (%)
SP = 4 (16.7%)
no 24 (24%) 227 (49.1) 6 5_232 N i[é - 35 ((12%)2//))
WI = 12 (50%)
SP = 24 (31.6%)
3 months yes 76 (76%) 37.3 (£13.8) (11.39%;14.4) ASI[JJ N 196(221;?;/"0/3)
WI = 27 (35.5%)
SP = 28 (28%)
all patients 100 (100%) 33.8 (+£14.2) (8‘5_281 N i% - ;21 ((12?1//))
WI = 39 (39%)
SP = 4 (44.5%)
no 9 (9.4%) 259 (+11.0) , 4.2537. 6 SXJ 3 (()3(303//))
WI =2 (22.2%)
SP = 34 (39.1%)
6 months yes 87 (90.6%) 43.1 (+14.3) (20.;1-11354.0) i%jg 82491;;
WI = 17 (19.6%)
SP = 38 (39.6%)
all patients 96 (100%) 415 (+14.9) a 40;*282 40) i% - 2163 ((212%:,//))
WI = 19 (19.8%)
SP =1 (25.0%)
no 4 (4.3%) 46.4 (+183) (29.‘;{'6965) i%:: 12 ((25%%//))
WI = 0 (0%)
SP = 18 (20.5%)
9 months yes 88 (95.7%) 49.8 (+13.3) o 419_';)9.3) i%ji ((32’2;3//))
WI = 12 (13.6%)
SP = 19 (20.7%)
all patients 92 (100%) 497 (+13.4) o 4'319_'39' . i% - 3;56 ((3;882//))
WI = 12 (13.0%)
SP =0 (0%)
No 2(2.2%) 322 (+22) (30.36%333.7) i%zz 11 ((55%%//))
WI = 0 (0%)
SP = 13 (14.6%)
12 months yes 89 (97.8%) 483 (+12.3) (22.‘(*3-776.7) i‘é - 1376 ((29015//))
WI = 23 (25.8%)
SP = 13 (14.2%)
all patients 91 (100%) 479 (+12.4) (22'%%71 6 i%:: é87 ((5387//))

WI = 23 (25.3%)

* SD = standard deviation, ** min-max: minimum-maximum of median, *** season of assessment: SP = spring,
SU = summer, AU = autumn, WI = winter.
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Figure 2. Vitamin D levels in patients dependent on the season of assessment and on different time
points (0, 3, 6, 9, 12 months) throughout the study. Vitamin D serum levels referenced in dotted lines
(30-100 ng/mL). Dots and stars refer to outliers in the statistical analyses.

At least three controls of vitamin D serum levels every 3 months were needed until 95%
of the patients had 25(OH)D serum levels in the normal range (Table 2). At the fourth control,
after 9 months, a total of 89 patients (96.7%) had 25(OH)D levels in the normal range. Of these
patients, 86 patients (96.6%) needed to substitute a median of 20,000 IU vitamin D to stay/reach
the normal range of 25(OH)D serum levels (Table 2). 25(OH)D levels during different seasons of
assessments are displayed in Figure 2 and Supplements (Figure S1).

Table 2. Serum 25(OH)D levels throughout the year (0, 3, 6, 9, 12 months) differentiated between
vitamin D deficiency, normal range, and overdosage. The numbers are given in number of patients (n)
and percentage (%). Furthermore, vitamin D substitution in IU per week is displayed with median
(minimum-maximum) in patients with normal range 25(OH)D levels.

Time of Assessment . 3 Months 6 Months 9 Months 12 Months

. £ 0 Months h h h h
(Baseline)

Vitamin D serum levels

Total

Vitamin D deficiency 74 (68.5%) 43 (43%) 14 (14.6%) 3 (3.3%) 5 (5.5%)

(<30 ng/mL)

Vitamin D normal range o o o o o

(30-100 ng /mL) 34 (31.5%) 57 (57%) 81 (84.4%) 89 (96.7%) 86 (94.5%)

Vitamin D overdosage

(>100 ng/mL) 0 0 1 (1%) 0 0

Total 108 (100%) 100 (100%) 96 (100%) 92 (100%) 91 (100%)

Vitamin D deficiency

Severe vitamin D deficiency

(<10 ng/mL) 5 (4.6%) 2 (2%) 0 0 0

Moderate vitamin D deficiency o, 9 o

(10-19.9 ng/m1 ) 38 (35.2%) 14 (14%) 4(4.2%) 0 0

Mild vitamin D deficiency

(20-29.9 ng /mL) 31 (28.7%) 27 (27%) 10 (10.4%) 3 (3.3%) 5 (5.5%)

Vitamin D normal range

Vitamin D normal range o o o, o o

(30-100 ng/mL) 34 (100%) 57 (100%) 81 (100%) 89 (100%) 86 (94.5%)

gﬁ‘é’emany patients substituted to have normal 11 (32.4%) 52 (91.2%) 78 (96.3%) 86 (96.6%) 84 (97.7%)

Vitamin D substitution in patients with normal 20,000 IU 20,000 IU 20,000 IU 20,000 TU 20,000 IU

range (IU/week) * (2000—40,000 IU) (2000-140,000 IU) (2000-60,000 IU) (2000-140,000 IU) (5600-140,000 IU)

* As values were not normally distributed, numbers are given as median with minimum and maximum.
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The data of body composition measured by bioelectrical impedance analysis and
laboratory values are displayed in Tables 3 and 4, respectively. Furthermore, the patients
were asked about their dietary habits at baseline visit (Table 5).

Table 3. Body composition. Body composition (by bioelectrical impedance analysis) over the course
of the study year (0, 3, 6,9, 12 months). As most values were not normally distributed by Kolmogorov—-
Smirnov test, all values are given as median with minimum and maximum value.

Time of Assessment 0 Mon.ths 3 Months 6 Months 9 Months 12 Months
(Baseline)

Weight 69.6 68.5 68.6 68.7 69.2
(kg) (45.6-107.4) (43.9-103.4) (44.5-106.1) (43.6-107.0) (45.4-108.4)
BMI 25.7 25.7 25.7 25.8 25.7

(kg/m?) (19.2-39.0) (18.8-38.0) (18.9-37.5) (17.9-37.5) (18.6-38.0)

Body fat 349 33.1 32.0 33.8 34.2
(%) (16.9-48.5) (17.0-48.2) (17.1-46.1) (19.1-47.1) (17.3-46.4)
Muscle mass 43.6 43.5 43.9 43.7 43.2
(kg) (34.4-55.8) (33.8-63.2) (32.4-59.4) (30.9-56.0) (31.6-59.4)
Bone mass 2.3 2.3 24 2.3 2.3
(kg) (1.9-3.0) (1.8-4.6) (1.8-3.2) (1.7-3.0) (1.7-3.2)
Visceral fat 7.0 7.0 7.0 7.0 7.0
(kg) (2.0-15.0) (2.0-17.0) (2.0-13.0) (2.0-14.0) (3.0-14.0)

Table 4. Laboratory values. Blood lipids, thyroid hormones, HbAlc, minerals, trace elements over
the course of the study year (0, 3, 6, 9, 12 months). As values were not normally distributed by
Kolmogorov-Smirnov test, all values are given as median with minimum and maximum value.

Time of Assessment Reference Values 0 Mon.ths 3 Months 6 Months 9 Months 12 Months
(Baseline)
Vitamin D 30-100 24.15 32.75 40.8 49.0 48.1
(ng/mL) (4.8-64.7) (8.8-84.4) (14.5-124.0) (24.4-89.3) (22.0-76.7)
Cortisol 482-195 14.1 12.1 119 134 14.0
(ng/dL) . : (4.0-39.0) (3.0-33.0) (3.0-26.0) (5.0-25.0) (5.0-31.0)
TSH 05143 1.6 1.6 1.5 1.5 1.7
(nIU/mL) ’ ’ (0.2-8.1) (0.05-5.9) (0.2-4.2) (0.02-11.0) (0.04-4.8)
T3 2625 3.2 3.0 3.2 3.1 3.2
(pg/mL) ’ (2.2-4.4) (2.0-4.5) (2.4-5.9) (1.9-5.3) (2.3-4.6)
T4 0.93-1.7 1.3 1.2 1.2 1.2 1.2
(ng/dL) ’ ’ (1.0-8.0) (0.9-2.1) (0.9-2.0) (0.7-2.0) (0.8-1.9)
HbAlc 46 5.65 5.6 54 55 55
(%) (4.7-8.0) (4.2-7.9) (3.8-7.9) (4.7-8.3) (4.2-8.5)
Calcium 2126 2.4 24 2.4 24 2.4
(mmol/L) o (2.0-2.6) (2.1-2.6) (1.9-2.7) (2.2-2.8) (2.1-2.7)
Magnesium 0.66-1.07 0.83 0.82 0.82 0.82 0.82
(mmol/L) : ’ (0.6-1.0) (0.6-2.3) (0.3-0.9) (0.5-0.9) (0.51-0.94)
Selenium 50-120 81.45 78.7 84.5 82.4 84.3
(ng/L) (44.4-123.2) (41.9-139.3) (47.2-143.1) (40.7-210.5) (38.4-138.7)
Iron 33193 97.5 83.0 80.5 89.5 87.0
(ug/dL) (19.0-212.0) (26.0-264.0) (14.0-185.0) (32.0-197.0) (7.2-255.0)
LDH 0-289 214.0 221.0 222.5 216.0 217.0
(U/L) (147.0-440.0) (163.0-779.0) (154.0-477.0) (160.0-521.0) (149.0-336.0)
Lipase 13-60 35.0 30.5 32.5 33.0 34.0
(U/L) (14.0-144.0) (11.0-74.0) (15.0-77.0) (14.0-81.0) (15.0-101.0)
LDL-Cholesterol <116 127.0 128.0 134.5 1255 126.0
(mg/dL) (61.0-251.0) (68.0-251.0) (61.0-246.0) (47.0-265.0) (45.0-269.0)
HDL-Cholesterol -45 64.0 56.5 61.0 64.0 63.0
(mg/dL) (32.0-103.0) (32.0-103.0) (30.0-136.0) (34.0-145.0) (34.0-105.0)
VLDL-Cholesterol <30 10.0 12.0 12.0 13.0 13.0
(mg/dL) (0-77.0) (0-110.0) (0-62.0) (1.0-58.0) (0-66.0)
Triglyceride <150 103.0 1125 117.5 1125 115.0
(mg/dL) (38.0-525.0) (45.0-531.0) (44.0-441.0) (43.0-387.0) (47.0-424.0)
CA 15-3 <262 18.6 22.3 19.9 16.3 17.3
(U/mL) ' (6.2-79.9) (6.1-58.2) (5.2-46.1) (6.4-37.5) (6.5-38.2)
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Table 5. Eating habits. The following foods were consumed by the patients per month, including the
vitamin D concentration of these foods. As all values were not normally distributed by Kolmogorov—

Smirnov test, all values are given as median with minimum and maximum value.

Food

Vitamin D Content

Median (Min-Max) (ug per 100 g) *

Herring/trout/salmon 3.0 (0-12) 7.80-25.00
Mackerel/tuna 1.0 (0-8) 4.00
Eggs/margarine 12.0 (0-28) 2.50-7.50
Cream/gouda/butter 20.0 (0-28) 1.20-1.30
Whole milk/quark/yogurt 20.0 (0-28) 0.09
Chanterelles/champignons/porcini mushrooms 3.0 (0-28) 1.90-2.10
Beef/veal liver 0 (0-5) 0.33-1.70

* data source: [23].

The association of serum 25(OH)D levels with lifestyle variables, as well as antineo-
plastic therapy related factors, cancer, and side effect factors throughout the year were
assessed by multiple GEE analysis. The results are displayed in Table 6. Patients who substi-
tuted vitamin D had a higher 25(OH)D serum level (Table 1). When one IU vitamin D was
substituted per week, the 25(OH)D levels increased by 0.001 ng/mL (p < 0.001). Meaning,
a patient who substituted 20,000 IU per week had a medium increase in serum 25(OH)D
level of 20 ng/mL compared to a patient who did not substitute vitamin D. Moreover, the
season of the assessment showed a significant impact on 25(OH)D levels. In comparison
to winter, patients who had their 25(OH)D level determined in spring had on average
3.19 ng/mL (p = 0.01) higher 25(OH)D serum level; in summer, 6.66 ng/mL (p < 0.001) and
in autumn, 4.74 ng/mL (p < 0.001), respectively (Figure 2, Table 6). Surprisingly, the age
of the patients influenced the 25(OH)D levels positively. If the age increased by one year,
25(OH)D levels increased by an average of 0.15 ng/mL (p = 0.03). Furthermore, an increase
in VLDL levels and Magnesium levels led to a decrease in 25(OH)D levels throughout the
study period. Patients who received aromatase inhibitors as endocrine therapy showed a
higher 25(0OH)D level compared to patients without endocrine treatment (p < 0.001).

Table 6. GEE analysis. Association of Vitamin D serum levels (ng/mL) with other parameters
throughout the year (0, 3, 6, 9, 12 months). Therefore, univariable GEE analysis was performed first.
All statistically significant variables have been incorporated in a multiple GEE analysis. Multiple
GEE analysis was then repeated to prove accuracy. The following variables provided statistically
significant results in univariable GEE analysis and were therefore incorporated in the multiple GEE
analysis: Vitamin D substitution, season of assessment, age, weight, BMI, body fat, muscle mass,
LDL, VLDL, TSH, T4, calcium, magnesium, selenium, radiotherapy, endocrine therapy, Her2 targeted
therapy, CA 15-3, and polyneuropathy. Values that provided statistically significant association with
vitamin D serum levels after two multiple GEE analysis are highlighted in bold.

Lifestyle Variables

Regression Coefficient 95% Confidence Interval p-Value

Amount of vitamin D substitution (IU/week) 0.001 (0; 0.001) <0.001

Season of assessment

Spring
Summer
Autumn

<0.001
(all seasons)
3.19 (0.64,5.73) 0.01
6.66 (3.70,9.62) <0.001
4.74 (2.11,7.37) <0.001

(Winter was used as reference)

Age

0.15 (0.01, 0.28) 0.03

Weight
BMI

0.35 (—0.63,1.33) 0.49
—0.71 (—1.57, 0.15) 0.11
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Table 6. Cont.
Lifestyle Variables
Regression Coefficient 95% Confidence Interval p-Value
Body composition:
Body fat —0.27 (—1.28,0.75) 0.61
Muscle mass —0.52 (—1.98, 0.94) 0.49
Bone mass —3.90 (—9.24,1.44) 0.15
Visceral fat —0.48 (—1.07,0.12) 0.12
Cortisol 0.06 (—0.24,0.35) 0.71
LDL —0.04 (—0.08, —0.01) 0.09
HDL 0.11 (—0.03,0.24) 0.11
VLDL —0.15 (—0.22, —0.08) <0.001
HbAlc —1.43 (—4.97,2.11) 0.43
TSH 0.16 (—0.88,1.20) 0.77
T3 1.25 (—2.78,5.28) 0.54
T4 0.55 (—6.12,7.21) 0.87
Minerals
Calcium 8.62 (—1.63,18.88) 0.10
Magnesium —9.75 (—16.65, —2.84) 0.006
Trace elements
Iron —0.02 (—0.06, 0.02) 0.35
Selenium —0.01 (—0.12,0.11) 0.91
Antineoplastic Therapy Related Factors
Regression Coefficient 95% Confidence Interval p-Value
Chemotherapy 141 (—1.42,4.24) 0.33
Radiotherapy —0.33 (—2.78;2.11) 0.79
Endocrine therapy <0.001
Tamoxifen 3.35 (—1.10; 7.79) 0.14
Aromatase inhibitor 8.58 (5.17;11.99) <0.001
(no endocrine therapy served
as reference)
Her?2 targeted therapy —2.05 (—5.49; 1.40) 0.24
Cancer and Side Effect Related Factors
Regression Coefficient 95% Confidence Interval p-Value
Tumor marker (CA 15-3) —0.08 (—0.21, 0.06) 0.25
Polyneuropathy
CTC grade 0 —4.24 (—11.07,2.58) 0.22
CTC grade 1 —2.35 (—8.98,4.27) 0.49
CTC grade 2 0.24 (—5.87,6.35) 0.94

(CTC grade 3 served as reference)

In terms of dietary habits, only cream/gouda/butter provided a statistically significant
result (Table 7). Patients who ate one day more often cream/gouda/butter per month had
an average of 0.38 ng/mL lower 25(OH)D levels at baseline.
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Table 7. Linear regression. Some values were only available at baseline visit, therefore linear
regression was carried out to analyze an association between baseline vitamin D serum levels and
possible influencing factors. For this analysis, patients who substituted vitamin D were excluded
for the analysis regarding eating habits. Linear regression was first performed in univariate. As
only cream/gouda/butter provided a statistically significant result, no multiple linear regression
was performed.

Lifestyle Variables *

Dietary Habits Regression Coefficient 95% Confidence Interval p-Value
Herring/trout/salmon 0.26 (—0.74,1.26) 0.61

Mackerel/tuna —0.46 (—=1.75,0.83) 0.48

Eggs/margarine 0.11 (—0.25,0.47) 0.55
Cream/gouda/butter —0.38 (—0.62, —0.14) 0.003

Whole milk/quark/yoghurt 0.004 (—0.29,0.29) 0.98
Chanterelles/champignons/porcini 0.06 (~0.55, 0.66) 0.85
mushrooms
Beef/veal liver —1.06 (—3.75,1.64) 0.44

Cancer/Antineoplastic Therapy Related Factors

Regression Coefficient 95% Confidence Interval p-Value

Genetic mutation

2.63 (—6.5,11.8) 0.57

* Only patients without vitamin D substitution at baseline were considered for the analysis.

4. Discussion

Vitamin D deficiency is a very frequent problem. In a pooled estimate of 55,844 par-
ticipants in Europe, 13.0% of European individuals had serum 25(OH)D concentrations
of <12.03 ng/mL (corresponding to 30 nmol/L) [24]. According to data from the German
Nutrition Society, 76.9% of German women between 18 and 79 years of age suffered a vita-
min D deficiency (<30 ng/mL), and even 17% suffered from a severe vitamin D deficiency
(<10 ng/mL) in 2011 [4]. In the BEGYN-1 study, while the number of patients experiencing
vitamin D deficiency was not as high, a notable percentage of all participants still exhibited
this condition (68.5% patients (<30 ng/mL) and 4.6% of patients suffered from severe
deficiency (<10 ng/mL)). The difference could be primarily due to a general change in
health awareness over the last 10-15 years and a shift from indoor to outdoor activities,
especially during the COVID-19 pandemic while the study took place [25,26]. Nevertheless,
the rate of vitamin D deficiency at the baseline assessment of the BEGYN-1 study was still
very high, with a median serum 25(OH)D level of 24 ng/mL and therefore below the rec-
ommended minimal level of 30 ng/mL [16]. As oncological treatments like chemotherapy
and endocrine therapy aggravate issues in bone metabolism, ensuring adequate vitamin D
levels for breast cancer patients is crucial for the prevention of osteoporosis and the benefit
of bone health [12,14]. For this reason, routine control, as well as the adequate substitution
of vitamin D and calcium during oncological therapies, especially during endocrine therapy
with aromatase inhibitor or ovarian function suppression, is recommended by national and
international oncological guidelines [27,28].

Furthermore, serial monitoring of 25(OH)D levels is recommended by the Endocrine
Society Guidelines in patients who substitute vitamin D [29]. According to the European
Expert Consensus, at least one control after 6 to 12 weeks of substitution should take place
to ensure adequate vitamin D levels and prevent hypercalcemia in patients with substi-
tution [30]. During the BEGYN-1 study, it became evident that additional measurements
were required to ensure sufficient serum 25(OH)D levels in certain individuals (Figure 3).
We saw that at least three controls every 3 months were needed until more than 95% of
the patients reached/stayed in the normal range for 25(OH)D serum levels. Regarding the
dosage, a median of 20,000 IU vitamin D was necessary to raise 25(OH)D levels into the
normal range in the BEGYN-1 study. We demonstrated that the 25(OH)D levels increased
regardless of their baseline level by a median of 20 ng/mL, if patients substitute 20,000 IU
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vitamin D per week throughout the year. This roughly lies within the recommendations
of the Endocrine Society Clinical Practice Guidelines; they recommend a substitution of
50,000 IU of vitamin D, or Dj for patients with a vitamin D deficiency (<20 ng/mL) once a
week for at least 8 weeks, followed by a maintained substitution of 10,500-14,000 IU per
week, as soon as the patients achieve the normal range for vitamin D levels [29]. However,
in patients with risk factors of vitamin D deficiency, such as malabsorption or medications
affecting the vitamin D metabolism, required doses can be two to three times higher [29].
In the BEGYN-1 study, there were also patients that required much less (2000 IU /week) or
more (60,000 IU/week) vitamin D substitution to achieve the recommended normal range
(30-100 ng/mL). As every patient is different, lifestyle factors such as sun exposure [31],
nutrition [16,23], BMI [32], age [33,34], and vitamin D receptor genetics [35] play a role in
25(OH)D levels. This further illustrates that a “one size fits all” approach is ineffective, and
that regular monitoring is necessary [36].
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Figure 3. Vitamin D serum levels throughout the year (0, 3, 6, 9, 12 months) with and without
substitution. Reference range in dotted line (30-100 ng/mL).
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The major source of “natural” vitamin D is the exposure of the skin to sunlight;
therefore, 25(OH)D levels were lowest during winter months [29,37,38]. These results
were confirmed in the BEGYN-1 study. Even after the consideration of other factors like
substitution and lifestyle, a noteworthy seasonal impact was observed, leading to decreased
vitamin D levels during the winter months (median serum 25(OH)D levels were 6.66 ng/mL
lower in winter compared to summer, p < 0.001). Therefore, the season of assessment should
also be considered during regular monitoring. Moreover, we previously demonstrated
higher 25(OH)D levels in non-metastatic breast cancer patients who stated that they stayed
longer in the sun [10].

Previous studies showed higher rates of vitamin D deficiency in older patients [33].
However, not only does the age-dependent reduced synthesis of vitamin D in the skin
play a role, but also the increased rate of hospitalizations, immobilization, increased
rate of renal insufficiency, and the intake of various medications might affect vitamin
D metabolism [33,34,39,40]. While there have been suggestions that the aging process
also might diminish the intestine’s capacity to absorb dietary vitamin D, research has
shown that aging does not affect the absorption of both physiological and pharmacological
doses of vitamin D [41,42]. In the BEGYN-1 study, patients who were older had slightly
higher vitamin D levels throughout the year. One factor contributing to this might be
that the median age of the patients was 55 years, indicating that they are not inherently
considered “old”. Another factor could be the increased awareness of vitamin D deficiency,
leading older patients to potentially counteract low 25(OH)D levels [43]. Especially during
retirement, older individuals tend to spend more time outdoors throughout the week
compared to younger, employed individuals, resulting in higher vitamin D levels [44].

Vitamin D is a fat-soluble vitamin [32,45]. For this reason, obese adults (BMI > 30 kg/m?)
might be at a higher risk for vitamin D deficiency, as the hormone is stored in fatty tis-
sues [32,45]. In the BEGYN-1 study, we could not prove a significant association between
25(0OH)D levels and weight, BMI, as well as body fat. We have no explanation, therefore.
However, we saw that elevated VLDL levels were associated with lower 25(OH)D levels.
The relationship between 25(OH)D levels and lipid profile was prescribed previously [46].
We further saw an association between 25(OH)D levels and magnesium. Magnesium is
involved in vitamin D metabolism and plays an important role in both activation and
deactivation [47]. Results from randomized controlled trials even showed that magne-
sium substitution next to vitamin D substitution may be more effective than vitamin D
alone [48,49]. One step in the magnesium-vitamin D metabolism is the transformation
from 25(OH)D to 1,25(OH),D, as well as 24,25(OH),D [47]. A possible explanation for
our reversed association between magnesium and vitamin D could be that the increased
supply of magnesium led to an increased metabolism of 25(OH)D and therefore to reduced
serum levels.

Regarding oncological therapies, previous studies showed a decrease in 25(OH)D
levels during chemotherapy [17,18]. However, the 25(OH)D levels recovered after the end
of chemotherapy treatment [17,18]. A comparable observation was made in the BEGYN-
1 study. Descriptively speaking, patients receiving chemotherapy had a lower median
25(OH)D level after 3 months compared to patients without chemotherapy (30.5 ng/mL vs.
35.9 ng/mL). Nevertheless, when considering a one-year-long timeframe, and accounting
for other variables such as substitution and seasonal variations, chemotherapy did not
demonstrate a significant impact on the 25(OH)D level after one year. Yet, a noteworthy
association emerged among patients undergoing endocrine therapy, specifically those on
aromatase inhibitors. In comparison to those not undergoing endocrine therapy, these
individuals exhibited an average 25(OH)D level that was 8.58 ng/mL higher (p < 0.001).
This contrasts with the current literature. As explained in the introduction, the use of aro-
matase inhibitors was associated with osteoporosis and higher rates of bone fractures [50].
Furthermore, vitamin D demonstrated a tissue-selective aromatase inhibitor action and
could also play a role in modulating aromatase inhibitor-related osteoporosis [51]. Vitamin
D and calcium substitution, bone density measurement, and adequate patient education
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during therapy with aromatase inhibitors are therefore already part of the clinical routine
due to national and international guidelines [27,28]. For this reason, we assume that the
improved 25(OH)D levels observed in patients receiving aromatase inhibitor treatment in
the BEGYN-1 study can be attributed to this circumstance.

Regarding nutrition, we only saw an association between 25(OH)D levels and cream/
gouda/butter. However, this effect seems clinically negligible considering a decrease of
0.38 ng/mL in a total range of 30-100 ng/mL of “normal” vitamin D levels if the patients
consumed cream/gouda/butter one more day per month. In the literature, the impact of
consuming foods rich in vitamin D on the 25(OH)D serum level has also been described
as minimal compared to substitution and sun exposure, accounting for approximately
10-20% of the vitamin D content present in the body [16]. The nutritional influence could be
increased by the fortification of food [52,53]. However, in Germany, fortification is currently
not mandatory, unlike in the United States [54]. Therefore, the prevalence of severe vitamin
D deficiency (<10 ng/mL) is only 2.6% in the United States [55].

In contrast to vitamin D deficiency, an oversupply of vitamin D is extremely rare. In
the BEGYN-1 study, only one patient had an overdosage of vitamin D at the assessment
at 6 months (124 ng/mL). Yet, attaining such an elevated serum level of 25(OH)D is not
possible solely through exposure to sunlight [16,56]. The excessive intake of an external
vitamin D supplementation is the primary cause of vitamin D hypervitaminosis, with
only a minor portion potentially attributed to the internal dysregulation of vitamin D
metabolism [56]. In the BEGYN-1 study, the patient self-administered 140,000 IU of vitamin
D weekly—against the physicians” advice. This underscores the significance of routine
monitoring of 25(OH)D levels to avert potential complications associated with vitamin D
overdose, such as hypercalcemia and its symptoms (confusion, apathy, muscle weakness,
abdominal pain, dehydration, polyuria) [56,57].

The limitations of this study are that supplementation and nutrition habits are reported
by the patients themselves. Therefore, we had to rely on patients’ compliance. Furthermore,
the patients took different vitamin D supplements. This could also have had an impact on
25(OH)D levels, due to the different bioavailability of vitamin D [58].

5. Conclusions

Despite oncological therapy; it is possible to increase and maintain normal 25(OH)D
levels. This requires regular checks and if necessary, adequate substitution to maintain the
recommended 25(OH)D levels. The season of assessment, lifestyle factors (e.g., nutrition),
age, and oncological therapy impact the vitamin D levels. However, the biggest effect on
25(OH)D levels is the substitution of vitamin D. At least three controls every 3 months
were necessary, such that more than 95% of patients had a 25(OH)D level within normal
range. Additionally, substitution should be monitored and adjusted accordingly before,
during, and after oncological treatment to ensure normal 25(OH)D serum levels and to
avoid overdosage or persisting deficiency.
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