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Abstract: (1) Background: Vitamin D plays an important role in many types of cancer. It was the aim
of this study to analyze serum 25-hydroxyvitamin D (25(OH)D) levels in newly diagnosed breast
cancer patients, and the association with prognostic and lifestyle factors. (2) Methods: 110 non-
metastatic breast cancer patients were included in the prospective observational “BEGYN” study at
Saarland University Medical Center between September 2019 and January 2021. At the initiation
visit, serum 25(OH)D levels were measured. Clinicopathological data on prognosis, nutrition, and
lifestyle were extracted from data files and obtained using a questionnaire. (3) Results: Median
serum 25(OH)D in breast cancer patients was 24 ng/mL (range 5-65 ng/mL), with 64.8% of patients
being vitamin D deficient. 25(OH)D was higher among patients that reported the use of vitamin D
supplements (43 ng/mL versus 22 ng/mL; p < 0.001), and in summer compared to other seasons
(p = 0.03). Patients with moderate vitamin D deficiency were less likely to have triple negative breast
cancer (p = 0.047). (4) Conclusions: Routinely measured vitamin D deficiency is common in breast
cancer patients and needs to be detected and treated. However, our results do not support the
hypothesis that vitamin D deficiency may be a main prognostic factor for breast cancer.
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1. Introduction

The benefits of nutritional supplements, immune stabilizing micronutrients or vita-
mins in cancer patients remain controversial [1]. Many patients believe that the intake
of micronutrients or vitamins could improve their health status, and the intake of nutri-
tional supplements by oncological patients has continued to increase in recent years [1].
Depending on the study population, 30-90% of oncological patients take supplements or
presumably immunoprotective micronutrients [1,2], usually without the knowledge of
their physician [1]. One vitamin that has become increasingly popular in recent years is
vitamin D.

As patients’ vitamin levels are not determined in clinical routine, many patients
may unknowingly suffer from vitamin deficiency. Vitamin D deficiency can be sub-
grouped into mild, moderate, or severe vitamin D deficiency (serum 25-hydroxyvitamin D
25(0OH)D < 30 ng/mL, <20 ng/mL, and <10 ng/mL, respectively) [3]. In particular, mod-
erate and severe vitamin D deficiency are associated with unfavorable skeletal outcomes
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(e.g., fractures or bone loss) and increased mortality [3]. In an analysis of vitamin D status
in 2267 German women, nearly two thirds had a severe, moderate, or mild vitamin D
deficiency [4]. Early treatment of vitamin D deficiency is important to prevent long-term
complications such as bone loss. In addition, vitamin D deficiency is associated with cardio-
vascular diseases, metabolic syndrome, impaired cognitive function, and depression [5,6].

Vitamin D and its possible role in cancer development has been very controversial
in recent years [7]. The important role of vitamin D in cell differentiation, as well as
anti-inflammatory effects and antiproliferative effects, is already known [8]. Animal and
preclinical studies prove the presence of vitamin D receptors in breast cancer cells and see
an association between vitamin D levels and breast cancer development [9,10]. Among
other things, one assumed effect of vitamin D on the Th17 lymphocytes is to influence tumor
growth and metastases in murine models [11]. Moreover, the combination of calcitriol with
antineoplastic drugs showed beneficial effects in preclinical studies [12]. However, results
of clinical trials in patients are inconsistent and the “true” role of vitamin D in breast cancer
evolution is still not known [8,9].

The aim of this study was to determine serum 25-hydroxyvitamin D (25(OH)D) levels
of newly diagnosed breast cancer patients. Furthermore, as some studies link especially
aggressive breast cancer to low serum 25-hydroxyvitamin D (25(OH)D) levels [13,14], we
correlated 25(OH)D levels with prognostic factors as well as potential modulators (e.g.,
supplementation, sun exposure). Several prognostic factors associated with a poor outcome
in breast cancer patients have already been identified, including high grading and a high
value of the proliferation marker Ki67. In addition, locally advanced breast cancer with
bigger tumor size (cT3/4) or positive lymph nodes (pN+) is related to poor outcome and a
high risk of locoregional or metastatic relapses [15-20].

Breast cancer can be divided into four different subgroups dependent on immuno-
histochemistry: hormone receptor (estrogen/progesterone) positive, human epidermal
growth factor-2 (Her2) negative breast cancer with low Ki67 < 25 (Luminal A) and high
Ki67 > 25 (Luminal B); Her2 positive tumors; and triple negative (estrogen, progesterone
and Her2 negative) breast cancer [21]. The different breast cancer subtypes have an impact
on patients” outcome [16]. In particular, patients with aggressive tumor biology, like triple
negative breast cancer, have worse outcomes and shorter overall survival [22].

2. Materials and Methods
2.1. Data Collection

The BEGYN study was approved by the Ethics committee of the Medical Association
of Saarland (study # 229/18). This prospective observational study included 110 non-
metastatic breast cancer patients recruited between September 2019 and January 2021 at
Saarland University Medical Center. Inclusion criteria were age > 18 years, sufficient
knowledge of German language (to fill out questionnaires), and a physical condition that
allows spirometry on the treadmill. The ability to use a smartphone and fitness tracker was
required as well. All patients gave a written declaration of consent to participate in the
study. Pregnant patients, patients suffering from metastases or simultaneous carcinomas
(in other locations), and patients with a life expectancy of less than one year were excluded.

At the initiation visit (before the start of any pharmacologic or operative therapy),
serum concentration of 25(OH)D was measured with using the LIAISON ® 25 OH Vitamin D
TOTAL Assay (DiaSorin, 13040 Saluggia, Italy, REF 310,600). Supplementation of vitamins
and trace elements was documented, and patients received a questionnaire about sun
exposure and nutrition. Data were collected as described previously in the BEGYN study
protocol [23]. Clinical characteristics (e.g., age, BMI, Karnofsky performance status scale)
and histopathological parameters (e.g., TNM classification using the UICC 8th Edition [24],
Grading: Elston and Ellis 1991 [25], Immunohistochemistry for determination of estrogen
receptor (ER), progesterone receptor (PR), Her2 and Ki67 [21,26]) were documented.
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2.2. Statistics

Statistical analyses were performed using SPSS 28.0 (IBM, Armonk, NY, USA). Quali-
tative parameters (e.g., tumor stage) are presented as frequencies. 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. Univariate linear regression was
performed to analyze possible modulators of 25(OH)D levels. To determine whether
various prognostic factors in breast cancer are related to 25(OH)D levels, the patients
were divided into 3 groups: patients with at least mild (</>30 ng/mL), at least moderate
(£/>20 ng/mL), or severe (</>10 ng/mL) vitamin D deficiency. A possible association be-
tween vitamin D levels and the prognostic factors was examined using the Mann-Whitney
U test for metric and ordinal variables with asymptotic p-value. For the group with severe
vitamin D deficiency, exact p-value was used due to small sample size. Nominal variables
were tested with crosstabulation and the Chi-Square test as well as Fishers’ exact p-value.

3. Results

A total of 110 non-metastatic breast cancer patients participated in the BEGYN study
between September 2019 and January 2021 [23]. The median patients’ age was 54 years
(range 26-81). Five patients (4.5%) suffered from bilateral breast cancer. Whereas 94 patients
(85.5%) had their first malignant disease, 16 patients (14.5%) suffered from recurrent cancer
or a second carcinoma. The patients were in good general condition: 102 patients (92.7%)
indicated a Karnofsky performance status scale of 90 or 100% and thus had no or minimal
limitations. Eight patients (7.3%) had a Karnofsky performance status scale of 80% (they
could engage in normal activity with effort). The median BMI was 26 (range 19-39). A total
of 42 patients (38.2%) were previous smokers or still smoking, with a median of 17 pack
years (range 1-58). Moderate alcohol consumption was reported by 101 patients (91.6%).
Tumor biology, tumor entity, and tumor stage are given in Tables 1-3. Ki67 index was
29 (range 1-90).

Table 1. Tumor biology and serum 25-hydroxyvitamin D (25(OH)D) levels. “ER” = estrogen receptor,
“PR” = progesterone receptor.

Tumor Biology Frequency (n) Percentage (%) (Me diii(?l\l/ili)n]zMax))

aiuI?:;‘?ll/[gr PR positive, Ki67 < 25) 48 43.6 23 ng/mL (5-65 ng/mL)
(LEUI?:;‘;l/Er PR positive, Ki67 > 25) 24 219 19 ng/mL (10-63 ng/mL)
é;rfg}g?z;fwe or negative) 27 245 24 ng/mL (12-57 ng/mL)
g}glgﬁﬁﬁlﬁirz negative) 11 10.0 30 ng/mL (20-54 ng/mL)
Total 110 100 24 ng/mL (5-65 ng/mL)

Table 2. Tumor entity and serum 25-hydroxyvitamin D (25(OH)D) levels. “NST” = No special type.

. o 25(0H)D
Tumor Entity Frequency (n) Percentage (%) (Median (Min—Max))
NST 91 82.7 24 ng/mL (5-65 ng/mL)
Invasive lobular 12 10.9 29 ng/mL (7-53 ng/mL)
Inflammatory 2 1.8 32 ng/mL (11-53 ng/mL)
Mucinous 1 0.9 15 ng/mL
Tubular 2 1.8 16 ng/mL
Metaplastic 1 0.9 12 ng/mL
Mixed (NST, tubular) 1 0.9 47 ng/mL
Total 110 100 24 ng/mL (5-65 ng/mL)
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Table 3. Tumor stage and serum 25-hydroxyvitamin D (25(OH)D) levels.

o 25(OH)D
cT Frequency (n) Percentage (%) (Median (Min-Max))
cTO* 3 2.7 31 ng/mL (27-57 ng/mL)
cT1 71 64.5 22 ng/mL (5-65 ng/mL)
cT2 31 28.2 24 ng/mL (648 ng/mL)
T3 1 0.9 30 ng/mL
cT4 4 3.6 38 ng/mL (11-53 ng/mL)
cN Frequency (1) Percentage (%)
cNO 83 75.5 25 ng/mL (5-65 ng/mL)
cN+ 27 24.5 23 ng/mL (6-57 ng/mL)
M Frequency (1) Percentage (%)
MO 110 100 24 ng/mL (5-65 ng/mL)
Grading Frequency (n) Percentage (%)
Gl 10 9.2 30 ng/mL (1347 ng/mL)
G2 56 514 22 ng/mL (5-65 ng/mL)
G3 43 39.4 26 ng/mL (10-63 ng/mL)
Total 110 100 24 ng/mL (5-65 ng/mL)

* 3 patients had a recurrent tumor in the lymph nodes without tumor manifestation in the breast, thus cT0.

In all patients, median serum 25(OH)D value was 24 ng/mL (range 5-65 ng/mL)
(reference for standard values: 30-100 ng/mL) [5]. A total of 18 patients (16.4%) took
vitamin D supplements at the initiation visit. Median serum 25(OH)D levels were higher
among the 18 patients that reported the use of vitamin D supplements (43 ng/mL versus
22 ng/mL; p < 0.001). The 25(OH)D was below /within/above the recommended values
in 64.8%/35.2% /0% of all patients, respectively. Figure 1 shows the distribution of serum
25(OH)D levels at baseline visit. Serum 25(OH)D throughout the seasons is presented

in Figure 2.
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Figure 1. Serum 25-hydroxyvitamin D (25(OH)D) levels (ng/mL) at baseline visit in patients with and

without vitamin D substitution. Reference for standard values: 30-100 ng/mL (see area in dashed

red lines). (1) = absolute frequencies.
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Figure 2. Serum 25-hydroxyvitamin D (25(OH)D) levels throughout the seasons with and without
vitamin D substitution. Median vitamin D levels in spring (March, April, May) 20 ng/mL, summer
(June, July, August) 31 ng/mL, autumn (September, October, November) 25 ng/mL and winter
(December, January, February) 17 ng/mL. (Reference for standard vitamin D values: 30-100 ng/mL).

A total of 91 of the 110 (83%) patients filled in the questionnaire on sun exposure
during the study. A total of 90 of the 91 answering patients (98.8%) knew that UV radiation
is needed to produce vitamin D. For this reason, 41 patients (45.1%) stated that they spent
more time in the sun. Nevertheless, 90 patients (98.8%) were informed that sun exposure
can lead to genetic damage and the development of skin cancer. For this reason, 52 patients
(57.1%) stated that they spent less time in the sun. A total of 49 patients (53.8%) classified
themselves as skin type I/1I (light skin color, red or blond hair, blue or green eyes). A total
of 42 patients (46.2%) reported skin type III (medium skin color, dark hair, brown eyes).
Daily sun exposure, use of sun protection, and avoidance of “sunny hours” are shown
in Tables 4-6.

Linear regression was performed to identify possible influencing lifestyle factors on
25(OH)D. Vitamin D substitution led to a significantly higher vitamin D level (regression
coefficient 14, p < 0.001). Patients’ age, BMI, alcohol, smoking, skin type, and prior cancer
history showed no significant influence on vitamin D levels. To determine seasonal effects
on median 25(OH)D levels, data were split into spring (March, April, May), summer
(June, July, August), autumn (September, October, November), and winter (December,
January, February). Median 25(OH)D levels were 20 ng/mL (range 10-54 ng/mL) in spring,
31 ng/mL (range 11-53 ng/mL) in summer, 25 ng/mL (range 6-65 ng/mL) in autumn, and
17 ng/mL (range 5-63 ng/mL) in winter. Patients whose 25(OH)D levels were measured
in summer had a vitamin D level that was seven points higher on average than in other
seasons (p = 0.03, regression coefficient 7). Measurements of 25(OH)D levels in winter led
to a six point lower vitamin D level, but without reaching statistical significance (p = 0.052,
regression coefficient: —6). Determination of serum 25(OH)D levels in spring or autumn
did not lead to statistical differences compared to other seasons (spring: p = 0.18, regression
coefficient: —5; autumn: p = 0.44, regression coefficient: 2). Patients who stated that they
stayed longer in the sun had higher serum 25(OH)D levels (regression coefficient: spring
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1.1, summer 0.18, autumn 0.23, winter 1.2). However, none of the analyses were statistically
significant (p-values: spring 0.32, summer 0.85, autumn 0.83, winter 0.26).

Table 4. Daily sun exposure. The specified values in the table refer to the recommendations of the
German Society of Nutrition e.V. (https://www.dge.de/wissenschaft/faqs/vitamin-d/, accessed on

14 March 2023).

Spring Frequency (1) Percentage (%)
<10 min 25 27.5
10-20 min 26 28.6
15-25 min 12 13.2
25-50 min 19 209
>50 min 9 9.9
Summer Frequency (1) Percentage (%)
<5 min 16 17.6
5-10 min 17 18.7
10-15 min 15 16.5
15-30 min 17 18.7
>30 min 26 28.6
Autumn Frequency (1) Percentage (%)
<10 min 21 23.1
10-20 min 22 242
15-25 min 12 13.2
25-50 min 25 27.5
>50 min 11 12.1
Winter Frequency (1) Percentage (%)
<10 min 35 38.5
10-20 min 17 18.7
15-25 min 15 16.5
25-50 min 16 17.6
>50 min 8 8.8

Table 5. Use of sun protection.

Spring Frequency (n) Percentage (%)
Never 50 54.9
1-3 days/week 21 23.1
3-6 days/week 6 6.6
Every day 14 154
Summer Frequency (1) Percentage (%)
Never 6 6.6
1-3 days/week 32 35.2
3-6 days/week 22 242
Every day 31 34.1
Autumn Frequency (1) Percentage (%)
Never 49 53.8
1-3 days/week 25 27.5
3-6 days/week 8 8.8
Every day 9 9.9
Winter Frequency (n) Percentage (%)
Never 69 75.8
1-3 days/week 11 12.1
3-6 days/week 4 4.4
Every day 7 7.7
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Table 6. Avoidance of going outdoors during “sunny hours” (from 12:00 p.m. to 4:00 p.m.).

Spring Frequency (n) Percentage (%)
Never 52 57.1
1-3 days/week 11 12.1
3-6 days/week 6 6.6
Every day 22 24.2
Summer Frequency (1) Percentage (%)
Never 15 16.5
1-3 days/week 23 25.3
3-6 days/week 19 20.9
Every day 34 374
Autumn Frequency (n) Percentage (%)
Never 52 57.1
1-3 days/week 15 16.5
3-6 days/week 4 44
Every day 20 22.0
Winter Frequency (n) Percentage (%)
Never 62 68.1
1-3 days/week 7 7.7
3-6 days/week 6 6.6
Every day 16 17.6

Different lifestyle and prognostic factors were examined regarding an association to
serum 25(OH)D in newly diagnosed breast cancer patients (see Table 7).

Table 7. Different lifestyle and prognostic factors were examined regarding an association to serum
25-hydroxyvitamin D (25(OH)D).

Age, BMI, alcohol, smoking, skin type, prior cancer history,
season of blood sampling (spring, summer, autumn, winter),
daily sun exposure (spring, summer, autumn, winter),
25(OH)D substitution

Lifestyle factors

Ki67, grading, triple negative carcinomas, Her2 positive
carcinomas, Luminal A carcinomas, Luminal B carcinomas, cT
(tumor stage), cN (tumor stage)

Prognostic factors

To test whether prognostic factors for breast cancer were associated with serum 25(OH)D
deficiency, the patients were divided into three groups: at least mild (</>30 ng/mL), at least
moderate (</>20 ng/mL), and severe (</>10 ng/mL) vitamin D deficiency. Results are
presented in Table 8. A significant association could be seen in the group with moderate
serum 25(OH)D deficiency: patients who suffered moderate vitamin D deficiency were
less likely to have triple negative breast cancer (2.3% versus 14.4% of patients with serum
25(0OH)D > 20 ng/mL). On the other hand, patients who suffered moderate vitamin D
deficiency were more likely to have Luminal B carcinomas (32.6% versus 13.8% of patients
with serum 25(OH)D > 20 ng/mL). All other prognostic factors, such as Ki67, grading,
tumor subtypes (Her2 positive and Luminal A), and tumor stage (cT and cN+) did not
reach significant associations with different serum 25(OH)D levels, see Table 8.
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Table 8. Association of prognostic factors for breast cancer with serum 25-hydroxyvitamin D
(25(OH)D) deficiency. The patients were divided into three groups: severe (<10 pg/mL: five patients
versus >10 pg/L: 103 patients), moderate (<20 pg/mL: 43 patients versus >20 ug/L: 65 patients),
and mild (<30 pg/mL: 74 patients versus >30 pg/L: 34 patients) vitamin D deficiency.

25(OH)D Levels < vs. >10 pug/L <vs. >20 pg/L <vs. >30 pg/L
Ki67 p=033 p=0.07 p =039
Grading p=0.10 p=0.61 p=0.74
Triple negative p=1.00 p =0.047 p=074
Her2 positive p=0.33 p=0.50 p=1.00
Luminal A p=0.65 p=1.00 p =0.68
Luminal B p=0.29 p=0.03 p=0.62
cT (tumor stage) p=0.95 p=0.50 p=045
cN+ (lymph nodes) p=0.60 p=1.00 p=034

Mann-Whitney U test was used for metric and ordinal variables with asymptotic p-value. For the group with
severe vitamin D deficiency, exact p-value was used due to small sample size. Nominal variables were tested with
crosstabulation and Chi-Square test as well as Fishers” exact p-value.

4. Discussion

Some studies suggest that higher vitamin D levels might reduce the risk of developing
breast cancer [14,27-30]. Animal studies have also shown that vitamin D deficiency might
play a role in primary tumor growth and the development of metastases in breast cancer
cells [31], and an association between low vitamin D receptor expression and occurrence
of more aggressive breast cancer has been seen [32]. The vitamin D receptor is commonly
expressed in breast tissues, as well as in breast cancer cells [33]. It could be proven that
vitamin D binds to vitamin D response elements of the promoter region of cells and thus
regulates vitamin D-dependent genes [7]. A possible explanation of how vitamin D might
affect breast cancer biology might be the tumor suppressive effects of vitamin D receptor
catabolism, as a defect in the vitamin D receptor (e.g., CYP27B1 and CYP24A1 regulation)
led to decreased signaling [33]. In addition, it could be shown that non-coding RNAs
(IncRNAs) play an important role in the pathogenesis of breast cancer [34]. By modulating
IncRNA, vitamin D could have a protective effect on the development of breast cancer [34].
However, by now these results could mostly be shown in vitro and in animal experiments,
not in clinical trials [7-9]. Thus, a general benefit of vitamin D substitution in cancer
patients or influence on therapy success and outcome could not yet been proven [1,35].

In the present study, we showed that almost two thirds of newly diagnosed German
breast cancer patients suffer from vitamin D deficiency. The median vitamin D serum
concentration of all patients within this study was below the recommended minimum
value (median vitamin D level of 24 ng/mlL; vitamin D reference for standard values:
30-100 ng/mL) [5]. As expected, patients who consumed supplements had higher vita-
min D levels on average. However, despite supplementation, seven out of 17 patients
still showed mild vitamin D deficiency. None of the patients were above recommended
reference values. This supports the hypothesis that vitamin D intoxication, and subsequent
hypercalcemia and hyperphosphatemia, are extremely rare [5]. A Canadian study also
showed similarly high rates of vitamin D deficiency in breast cancer patients [36]. Vitamin
D deficiency seemed higher in the present study (64.8%) compared to the healthy, cancer
free German population, where in the year 1991 57.8% of women and 56.8% of men suffered
from vitamin D deficiency [4]. Nevertheless, lifestyle and nutrition has changed within
the last 30 years, which could also be a possible explanation for this difference. A recent
systematic review indicated the importance of exercise interventions as well as supple-
ment interventions (e.g., vitamin D) in breast cancer patients, and their positive effects on
cardiorespiratory fitness, body composition, and quality of life [37].

Another systematic review and meta-analysis of 22 observational studies with a
cumulative sample size of 229,597 subjects associated low serum 25(OH)D levels with breast
cancer occurrence [38]. Despite this, a definite connection and pathogenesis between breast
cancer development and vitamin D levels has not yet been proven [3]. Nevertheless, breast
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cancer patients might be particularly susceptible to suffering complications of vitamin D
deficiency, such as bone fractures, due to additional risk factors caused by the disease itself.
It is known that vitamin D deficiency is associated with long-term mortality especially
in hospitalized, malnourished patients [39]. In breast cancer patients, disease associated
immobilization, chemotherapy, endocrine therapy, radiotherapy, and metastases may
further increase bone loss and the risk of fractures. For example, hormone receptor positive
breast cancer patients who are treated with endocrine therapy (e.g., aromatase inhibitors)
suffer from bone loss and osteoporosis due to reduced estrogen levels [40]. In addition,
vitamin D deficiency can lead to negative side effects during oncological treatment, such as
higher risk of polyneuropathy under paclitaxel chemotherapy [41]. Thus, in breast cancer
patients, special attention should be paid to achieve and maintain vitamin D levels within
the reference range [3].

We observed higher vitamin D levels in summer compared to other seasons. Further-
more, patients who stated that they stayed longer in the sun had higher vitamin D levels.
Even if this did not reach statistical significance due to the limited number of patients, our
observations agree with previous population-based publications that describe seasonal
variations of vitamin D levels due to varying sunlight exposure [42—44]. Sufficient vitamin
D values at the end of summer do not prevent vitamin D deficiency in winter [44]. This
illustrates the need for vitamin D monitoring and supplementation in clinical routine,
especially in highly vulnerable cancer patients [1].

Recent meta-analyses showed that vitamin D was associated with breast cancer prog-
nosis and breast cancer mortality [45]. Particularly aggressive node positive and triple
negative (ER negative, PR negative, Her2 negative) carcinomas were linked to reduced
vitamin D levels [13,14,46]. Furthermore, breast cancer patients with circulating tumor cells
in peripheral blood (who were therefore at risk of more invasive disease) were associated
with lower vitamin D levels [47]. In a systematic review with 13,135 breast cancer patients,
low vitamin D levels were especially associated with triple negative breast cancer [48].
Furthermore, in a prospective cohort study in California, 3175 women suffering from
incident breast cancer were enrolled within two months of diagnoses and 25(OH)D was
determined: 25(OH)D was lower in patients with advanced tumor stages and aggressive
tumors (e.g., triple negative breast cancer) [49]. They even saw an association between
25(0OH)D and invasive-disease-free survival, as well as overall survival [49]. This contrasts
with the present study. Patients who suffered moderate vitamin D deficiency were less
likely to have triple negative breast cancer and we saw no association between 25(OH)D
and other prognostic factors (e.g., tumor stage, grading, Ki67). Nevertheless, patients with
moderate 25(OH)D deficiency had a higher rate of Luminal B tumors (which are more
aggressive than Luminal A tumors). A possible explanation for the different results in our
study compared to current literature might be the time of blood sampling and 25(OH)D
level determination. In the present study, all patients received blood sampling at the time
of diagnosis and prior to the start of treatment. In particular, patients with aggressive
(e.g., triple negative carcinomas) or advanced tumor stages (cT3/4, cN+) were treated
with (neo-) adjuvant chemotherapy, and it is well known that chemotherapy can lead to
decreased 25(OH)D levels [50-52]. In the cited studies [48,49], the time of 25(OH)D level
determination was very heterogenous. Further studies with 25(OH)D level determination
before the start of therapy are needed to investigate the true association of prognostic
factors and 25(OH)D level.

Limitations of the study are the limited number of patients, and the fact that supple-
mentation habits and sun exposure were retrospectively reported by the patients themselves.
Nevertheless, these results give important insights into the serum 25(OH)D levels of newly
diagnosed breast cancer patients, which have rarely been studied.

5. Conclusions

Almost two thirds of all breast cancer patients within this study suffered from vitamin
D deficiency. Efforts should be made to include 25(OH)D level determination in clinical
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routine and to substitute vitamin D deficient patients to prevent side effects and long-term
consequences of vitamin D deficiency. In the current study, patients suffering moderate
vitamin D deficiency were less likely to have triple negative breast cancer but were more
likely to have Luminal B carcinomas. Associations between 25(OH)D level and other
prognostic factors in breast cancer (e.g., tumor stage, subtype, Ki67, grading) could not be
proven. Further studies are needed to explore the effects of vitamin D deficiency in breast
cancer patients during oncological treatment.
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