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Abstract

Background: Vitamin D has been shown to be associated
with reduced risk and severity of COVID-19 and exerts reg-
ulating effects on all hallmarks of cancer. The goal of this
study was to analyze the vitamin D status of a cancer pa-
tient cohort from our clinic in the Franconian region, Ger-
many. Methods: 25-hydroxyvitamin D concentrations were
available for 116 patients included in prospective trials in
our clinic. Associations of vitamin D with anthropometric
and blood parameters were investigated using Kendall’s T
correlation coefficients and linear regression. Results: A to-
tal of 57 patients (49.1%) were vitamin D deficient (<20 ng/
mL), and 92.2% did not meet the recommended vitamin D
level of 40 ng/mL. There was a strong negative association
between vitamin D and leukocyte count (t = -0.173, p =
0.007) and C-reactive protein concentration (1=-0.172,p =
0.007).In linear regression, the mostimportant variables for
predicting vitamin D levels were (in order of decreasing im-
portance) season, fat mass index, platelet, and leukocyte
count. Conclusions: Despite appeals towards medical soci-
eties to target widespread vitamin D deficiency in Germany
more than 10 years ago, our data indicate that these have
been without avail. Low vitamin D levels in cancer patients
should be corrected using reasonable sun exposure and
supplements. ©2020S. Karger AG, Basel

Niedriger Vitamin D Status in einer unterfrankischen
Population von Tumorpatienten

Schliisselworter
Calcitriol - Cholecalciferol - COVID-19 - Strahlentherapie -
SARS-CoV-2

Zusammenfassung

Hintergrund: Es wurde gezeigt, dass Vitamin D mit einem
reduzierten Risiko fir die Ansteckung mit SARS-CoV-2
und leichteren Verlaufen von COVID-19 assoziiert ist; zu-
dem wirkt Vitamin D bei allen kennzeichnenden Merkma-
len einer Krebserkrankung mitregulierend. Das Ziel dieser
Studie war deshalb, den Vitamin D Status einer Kohorte
von Krebspatienten aus unserer Klinik in Unterfranken zu
erheben. Methoden: Fir 116 Patienten wurde innerhalb
prospektiver Studien die 25-Hydroxyvitamin D Konzen-
tration gemessen. Assoziationen zwischen Vitamin D und
anthropometrischen sowie Blutparametern wurden mit-
tels Kendall’s Korrelationskoeffizienten T und linearer Re-
gression untersucht. Ergebnisse: Insgesamt wiesen 57
Patienten (49,1%) einen Vitamin-D Mangel (<20 ng/mL)
auf,und 92,2% lagen unterhalb des empfohlenen Vitamin
D Spiegels von 40 ng/mL. Wir fanden eine starke negative
Korrelation zwischen Vitamin D und der Anzahl an Leuko-
zyten (t = -0.173, p = 0.007) sowie C-reaktivem Protein
(t=-0.172, p = 0.007). Die wichtigsten Variablen zur Vor-
hersage des Vitamin D Wertes in der linearen Regression
waren (der Wichtigkeit nach) die Jahreszeit, der Fettmas-
seindex, die Thrombozyten- und die Leukozyten-Zahl.
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Schlussfolgerungen: Trotz dringender Appelle an medi-
zinische Fachgesellschaften vor Giber 10 Jahren, etwas ge-
gen weitverbreiteten Vitamin D Mangel zu unternehmen,
zeigen unsere Daten, dass diesbeziiglich immer noch en-
ormer Handlungsbedarf besteht. Niedrige Vitamin D
Spiegel von Tumorpatienten sollten mittels verniinftiger
Sonnenexposition und Nahrungserganzungsmitteln be-
hoben werden. ©2020S. Karger AG, Basel

Introduction

Vitamin D, though primarily recognized for its impact
on bone health, also has many roles in immune function
and defense [1] that are of particular interest at this time,
in light of the current global outbreak of the severe acute
respiratory syndrome coronavirus-2 (SARS-CoV-2). Vi-
tamin D can be absorbed from the diet in the form of ei-
ther cholecalciferol (D3) or ergocalciferol (D,), or it can
be synthesized in the skin from 7-dehydrocholesterol
through a chemical reaction that is dependent on sun ex-
posure. Vitamin D from both sources gets activated via
hydroxylation reactions in the liver and kidney to 1,25
dihydroxyvitamin D (1,25(OH)2D). As 1,25(OH)2D, or
calcitriol, vitamin D has a number of anti-viral and im-
mune-modulating effects that have shown promise in the
prevention and treatment of SARS-CoV-2. For instance,
viruses are known to disturb the integrity of tight junc-
tions and adherens junctions, increasing the probability
of superinfection [2], while vitamin D has been found to
strengthen them [3]. Additionally, vitamin D is likely to
reduce inflammatory response by promoting expression
of the angiotensin-converting enzyme 2 (ACE2) gene [3].
SARS-CoV-2 has been shown to exploit ACE2 in the re-
nin-angiotensin pathway, activating severe cytokine ac-
tivity and producing poorer prognosis for those infected
[4]. Vitamin D can support the immune system by oppos-
ing this downregulation of genes and therefore evading
acute or fatal inflammatory storms caused by the virus.

Patients presenting to our radiotherapy clinic are a
high-risk population for contracting the disease caused
by SARS-CoV-2 (COVID-19) due to the tumor itself, the
cancer treatment, and various comorbidities that are of-
ten associated [5, 6]. Additionally, some recommenda-
tions suggest that anyone who has positively tested for
SARS-CoV-2 should be assessed for withholding antican-
cer therapy until they are deemed medically cleared [7].
However, others have pointed out that an interruption of
radiotherapy treatment is clinically unacceptable [6].
Thus, it is crucial in our practice to avoid the contraction
of the virus in patients to prevent the spread in a fully run-
ning and populated facility. Under the hypothesis that vi-
tamin D may provide some protection against contract-
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ing COVID-19, the aim of this article is to assess the typ-
ical vitamin D status of patients seen in our clinic for
radiotherapy, and to draw conclusions regarding the rec-
ommendation of vitamin D supplementation to cancer
patients.

Materials and Methods

Study Cohort

The cohort for this study consists of 116 cancer patients who
were referred to our clinic (latitude 50.05°N) for curative radio-
therapy. One part of the sample is composed of patients from the
KETOCOMP study whose aim was to test the effects of a keto-
genic diet on body composition in patients with breast, rectal, and
head and neck cancer [8, 9]. The KETOCOMP study had been ap-
proved by the ethics committee of the Bavarian Medical Associa-
tion (Landesaerztekammer Bayern) and registered under Clinical-
Trials.gov (Identifier: NCT02516501, registered on 08/06/2015).
Vitamin D assessment was not part of the original KETOCOMP
study protocol, but was added to the blood panel starting from
August 2016 in breast cancer patients (n = 60), from October 2017
in rectal cancer patients (n = 24), and from March 2018 in head
and neck cancer patients (n = 16). A second part of the sample for
this analysis consists of 13 breast cancer patients participating in a
small pilot study to test the effects of a Paleolithic diet and daily
outdoor walking during radiotherapy on body composition and
vitamin D levels [10]. Finally, 3 high-grade glioma patients plan-
ning to consume a ketogenic diet concurrent with radiotherapy
make up the third part of our present cohort.

Besides vitamin D, we collected baseline anthropometric and
patient characteristics, blood cell counts, blood glucose, C-reactive
protein (CRP), and parathyroid hormone (PTH). The latter was
included in our experimental blood panels since end of September
2019, so that only 54 patients had their PTH level measured.

The anthropometric variables we used for this assessment were
body mass index, fat mass index (FMI), and skeletal muscle mass
index (SMI), all of which were obtained from a baseline height and
bioimpedance analysis measurement (seca 515/514 mBCA; seca
Deutschland, Hamburg, Germany) as described previously [8].
Briefly, measurements were performed in underwear after an
overnight fast with an empty bladder. Bioelectrical phase angle at
50 kHz was also included as a variable for this study, because Bar-
rea et al. [11] have found a strong positive association between
phase angle and 25(OH)D concentrations. After bioimpedance
measurements, patients underwent blood withdrawal. All blood
samples were analyzed by the hospital laboratory, and serum
25(OH)D concentration was obtained by the ECLIA method.

Statistical Analysis

The cohort was split into different groups based on either tu-
mor entity or the season of the year. The Shapiro-Wilk test con-
firmed that several variables of interest, e.g. vitamin D levels, were
not normally distributed within particular groups. Therefore, the
non-parametric Kruskal-Wallis test was used to test for between-
group differences of continuous variables. Fisher’s exact test was
used for between-group differences of categorical variables. p val-
ues <0.005 were considered significant in the sense of providing
strong evidence against the null hypothesis [12]. Correlation anal-
ysis between vitamin D levels and other variables of interest was
conducted using Kendall’s t as the correlation coefficient, because
it is more robust and slightly more efficient than the Spearman’s
rank correlation measure [13]. Finally, a linear regression model
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Table 1. Baseline characteristics of our sample

Parameter Rectal cancer Head and neck cancer  Breast cancer High-grade glioma  p value
(n=24) (n=16) (n=173) (n=23)
Age, years 59 (38-77) 62 (50-76) 57 (25-78) 66 (45-70) 0.0089
Gender Male: 17 (71%) Male: 10 (62.5%) Male: 0 Male: 2 (66%) <0.001
Female: 7 (29%) Female: 6 (37.5%) Female: 73 (100%) Female: 1 (33%)
BMI, kg/m? 25.4 (19.8-39.4) 24.7 (16.4-33.8) 25.5 (18.8-45.2) 24.0 (20.0-26.5) 0.566
FMI, kg/m? 8.3 (1.6-18.7) 7.3 (2.5-15.9) 9.6 (4.9-24.7) 7.6 (6.1-7.8) 0.0071
SMI, kg/m? 8.7 (5.9-10.4) 7.6 (4.3-12.3) 7.1 (5.2-10.2) 7.7 (5.7-9.2) <0.001
Phase angle, ° 5.0 (3.7-6.6) 4.3 (3.7-5.9) 4.8 (3.7-5.9) 4.4 (3.8-4.8) 0.0294
Diabetes No: 21 (88%) No: 15 (94%) No: 69 (95%) No: 3 (100%) 0.536
Yes: 3 (12%) Yes: 1 (6%) Yes: 4 (5%) Yes: 0
Vitamin D, ng/mL 19.5 (5.9-90.9) 18.3 (8.6-31.7) 20.4 (6.8-49.9) 18.1 (14.2-18.2) 0.416
PTHP 40.1 (27.3-58.9) 37.1(22.4-48.2) 37.1 (16.6-75.8) 48.9 (27.8-51.2) 0.729
Glucose, mg/dL 104 (78-218) 109 (94-191) 99 (81-179) 100 (92-130) 0.0035
CRP, mg/L 3.4 (0.2-38.5) 4.3 (0.4-35.9) 1.7 (0.1-126.2) 3.8 (0.4-7.2) 0.015
Leucocyte count, 103/uL 6.3 (3.9-10.1) 8.1 (4.0-17.2) 5.9 (2.9-12.1) 9.7 (7.0-14.1)* 0.0050
Erythrocyte count, 105/l 4.8 (4.1-5.6) 4.6 (3.5-5.4) 4.5 (3.2-5.6) 4.6 (4.4-5.0) 0.035
Platelet count, 103/pL 246 (187-416) 272 (109-613) 241 (72-406) 239 (213-413)* 0.261

Continuous variables are presented as median (range) and categorical variables as counts (percentages).  Missing for one patient.
b Measured in 10 rectal cancer, 8 head and neck, 33 breast cancer, and 3 glioma patients.

for predicting vitamin D levels from variables of interest was con-
structed. Because the number of putative predictors was quite large
compared to the number of patients, we used the least absolute
shrinkage and selection operator (LASSO) method to identify the
most important predictors [14]. The LASSO performs variable se-
lection by shrinking the regression coefficients of less important
predictors to zero. The optimal LASSO penalty parameter was
found through 10-fold cross validation, and the maximum num-
ber of predictors was set to five.

Results

Table 1 lists the baseline characteristics of the 116 pa-
tients in our cohort. The different patient groups were
somewhat heterogeneous with respect to many variables
of interest, but significantly differed only in SMI and
blood glucose levels. Post hoc analysis using the Wilcox-
on rank sum test revealed a significant SMI difference be-
tween the rectal and breast cancer groups (p = 1.6 x 10™)
and a significant difference in glucose levels between the
breast and head and neck cancer groups (p = 0.00083).
Fifty-seven patients (49.1%) had 25(OH)D concentra-
tions <20 ng/mL (vitamin D deficiency [15]), while 36
patients (31.0%) had levels >20 ng/ml and <30 ng/mL
(vitamin D insufficiency [15]). Only 21 (18.1%) of the pa-
tients had vitamin D levels within the laboratory refer-
ence range of 30-60 ng/mL, while 2 patients (1.7%) ex-
ceeded this range. Since beginning of February 2020 (ap-
proximately the start of the COVID-19 epidemic in
Germany) we had measured vitamin D levels in 30 pa-
tients, of which 16 (53.3%) had vitamin D deficiency and

Low Vitamin D Status in Cancer Patients

Table 2. Correlation between vitamin D concentration and several
other variables of interest

Variable Kendall’s t p value
Age (years) -0.075 0.242
BMI (kg/mz) -0.084 0.182
FMI (kg/mz) -0.119 0.058
SMI (kg/m?) -0.004 0.945
Phase angle (°) 0.061 0.333
PTH 0.037 0.693
Glucose (mg/dL) -0.082 0.199
CRP (mg/L) -0.172 0.007
Leucocytes (103/uL) -0.173 0.007
Erythrocytes (10°/uL) ~0.064 0.320
Platelet count (10%/uL) -0.125 0.048

For each variable the table displays Kendall’s T and the associ-
ated p value for its correlation with vitamin D levels.

10 (33.3%) insufficiency; the median 25(OH)D concen-
tration in these 30 patients was 18.2 ng/mL (8.5-37.3 ng/
mL). From the whole cohort, 107 (92.2%) patients would
not have met the recommended vitamin D concentration
of 40 ng/mL for preventing respiratory virus infection
[16].

Median vitamin levels in winter, spring, summer, and
fall were 15.8 (range 5.9-38), 22.4 (8.5-44.5), 23.1 (8.7-
90.9), and 21.6 (10.6-61.4), respectively. The Kruskal-
Wallis test revealed a difference in vitamin D concentra-
tion between seasons (p = 0.010). Post hoc testing showed
that the difference between summer and winter was sta-
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Seasonal Variation in Vitamin D
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Fig. 1. Boxplot of seasonal variation in vitamin D levels. Black bars and red crosses denote the median and mean,
respectively. Individual vitamin D concentrations are shown as black dots.

Table 3. Regression coefficient estimates and their standard errors
for the linear regression model predicting vitamin D levels

Variable Coefficient p value
FMI (kg/m?) -0.531+0.230 0.023
Platelet count (10%/pL) -0.021+0.014 0.145
Leucocytes (10%/uL) -0.588+0.480 0.224
Season: spring vs. winter 4.92+2.76 0.078
Season: summer vs. winter 8.32+2.89 0.0049
Season: fall vs. winter 7.21£2.93 0.016

tistically significant (p = 0.0044), while that between win-
ter and fall (p = 0.010) and winter and spring (p = 0.029)
was less pronounced. Figure 1 shows the seasonal pattern
of vitamin D levels among the patients.

The results of the correlation analysis are given in Ta-
ble 2. The strongest correlation was an inverse correlation
between vitamin D concentration and leucocyte count
(t=-0.173, p = 0.0065), followed by an inverse correla-
tion between vitamin D and CRP (1 =-0.172, p = 0.0071).
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Finally, the variables given in Table 1 except diabetes
and PTH were used to build a regression model for pre-
dicting vitamin D levels. Season of the year was also in-
cluded due to its strong association with vitamin D. Based
on the sample size, the allotted number of variables in the
model was restricted to five. The LASSO method selected
the following variables into the model: FMI, platelet
count, leukocyte count, and season. A new regression
model was fit with these variables, and the corresponding
regression coefficients are given in Table 3.

Discussion

The aim of this work was to investigate the vitamin D
status of a cancer population referred to our clinic for cu-
rative radiotherapy in light of the current COVID-19 cri-
sis, or more generally, the risk of contracting respiratory
virus infections that may lead to interruption of radio-
therapy courses. While most patients were measured pri-
or to the SARS-CoV-2 outbreak in Germany which oc-
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curred in February 2020, our sample can be considered
representative for the Franconian region within Bavaria,
Germany, and spans all four seasons of the year. The chief
finding was that almost half of the patients (49.1%) were
vitamin D deficient, and 92.2% did not meet the recom-
mended minimum 25(OH)D concentration of 40 ng/mL
to reduce the risk of respiratory virus infections [16] or
improve cancer therapy outcomes [17]. In particular,
none of the 30 patients who were evaluated since the be-
ginning of the COVID-19 spread in Germany had reached
that recommendation. The goal to have 25(OH)D con-
centrations exceeding 40 ng/mL should be considered an
expert recommendation for optimizing the health bene-
tits of vitamin D. In contrast, the reference ranges of
many laboratories (30-60 ng/mL in our laboratory)
should be considered more of a compromise between the
statistical normal range and expert recommendations.

Recently, D’Avolio et al. [18] retrospectively found
that symptomatic patients testing positive for SARS-
CoV-2 had significantly lower 25(OH)D concentrations
(median 11.1 ng/mL) compared to symptomatic patients
with a negative test result (24.6 ng/dL). Importantly, the
difference remained significant in the age group >70
years, which represents a risk population for COVID-19.
In a German cohort of 185 consecutive COVID-19 pa-
tients, vitamin D levels <20 ng/mL were associated with
a covariate-adjusted 11.3-fold higher risk of dying from
COVID-19 compared to vitamin D levels >20 ng/mL
(hazard ratio 95% CI 1.5-85.6) [19]. These data confirm
the hypothesis that vitamin D deficiency may predispose
to SARS-CoV-2 infection and drastically increase the risk
of dying from COVID-19. If this hypothesis were true, it
would clearly emphasize the need to monitor and - if nec-
essary — correct vitamin D levels in cancer patients. But
even outside the context of the SARS-CoV-2 epidemic, an
adequate vitamin D status of at least 40 ng/mL appears
beneficial in cancer prevention and treatment [17, 20, 21].
The mechanisms include regulating effects of calcitriol on
all the hallmarks of cancer, including proliferation, apop-
tosis, angiogenesis, and cell migration [20]. For optimal
cancer therapy outcomes, Grober et al. [17] have argued
to monitor and treat 25(OH)D concentrations until a tar-
get of 40-60 ng/mL is reached, in line with the recom-
mendation of Grant et al. [16] for preventing respiratory
virus infection. Unfortunately, some chemotherapeutics,
in particular anthracyclines and taxanes, are able to de-
grade 25(OH)D and 1,25(OH)2D via induction of the vi-
tamin D-degrading enzyme 24-hydroxylase [17]. In our
cohort, 23 breast cancer patients had received pre-radio-
therapy chemotherapy with anthracyclines or taxanes;
however, their vitamin D levels (median 23.2 ng/mL)
were not significantly different from those of the 50 breast
cancer patients who had received no chemotherapy (19.7
ng/mL) (p = 0.237).

Low Vitamin D Status in Cancer Patients

The natural supply of vitamin D consists of diet and
solar UV-B radiation. The highest amounts of vitamin D
can be found in fatty fish, and lower amounts in liver and
eggs: 100 g cooked salmon or mackerel contain roughly
350 IU of vitamin D, while beef liver and eggs contain
25-30 IU (Table 6.1 in [22]). While the incorporation of
these animal-based foods could be advised to patients,
these values show that sufficient vitamin D status cannot
be achieved by diet alone, making solar UV-B radiation
the primary natural factor for guaranteeing healthy vita-
min D levels. In German latitudes, vitamin D synthesis in
the skin is not possible between October and March [22].
Accordingly, vitamin D status of German adults shows a
strong seasonal trend [23]. Our data also revealed this
seasonal trend of 25(OH)D concentration being lowest in
winter and highest in summer, with a significant differ-
ence between summer and winter. Season was also the
most significant predictor of 25(OH)D concentration in
linear regression, with summer versus winter predicting
8.3 ng/mL more 25(OH)D (p = 0.0049). However, even
during summer, the majority of patients (17/24 = 71%)
did not reach the minimum laboratory reference value of
30 ng/mL, and 9/24 patients (37.5%) had 25(OH)D con-
centrations <20 ng/mL. This shows that many patients
have dramatically low sun exposure even during the sum-
mer months, as exposing 25% body surface to the sun for
20-60 min 3 times per week should be sufficient to avoid
vitamin D deficiency (Table 7.2 in [22]). In fact, only 2
patients managed to achieve 25(OH)D concentrations
>40 ng/mL without taking any vitamin D containing sup-
plements; both had tanned skin and were assessed at the
end of the summer in September.

Through correlation analysis, we could show that
25(OH)D concentrations were inversely correlated with
blood cell counts, viz. leucocytes, erythrocytes, and plate-
lets (Table 2). Inverse associations of vitamin D with
platelet counts [24, 25], erythrocyte counts [25, 26], and
leukocyte counts [25] have also been described in the lit-
erature, but in some populations there was either no clear
correlation (e.g., with leukocyte count in a Brazilian pop-
ulation [27]) or a positive correlation (e.g., with platelets
in [28]). In the Brazilian study, there was no clear asso-
ciation between vitamin D and total leucocyte count, but
a significant negative association between eosinophil
count and vitamin D [27]. In our cohort, leukocytes
showed the strongest inverse correlation with vitamin D
among blood cells (p = 0.007), but unfortunately in this
patient cohort no differentiation of the leucocytes into
their subtypes had been performed.

Finally, there was moderate evidence for an inverse
correlation between 25(OH)D concentrations and CRP
levels (Kendall’s T = -0.172, p = 0.0071). Although usu-
ally considered an acute-phase protein, CRP is also an
unspecific marker of chronic (low-grade) inflammation,
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which is characteristic of both obesity and cancer. Ac-
cordingly, we also found FMI to be inversely correlated
with vitamin D levels, and to be a better predictor of
25(OH)D concentration than CRP when accounting for
other confounding variables in linear regression with the
LASSO method. The inverse association between body fat
and vitamin D is well known [11, 29, 30], and due to vi-
tamin D being fat soluble and stored in body fat compart-
ments. The reduced bioavailability of vitamin D associ-
ated with obesity has been demonstrated by Wortsman et
al. [30] who showed that 24 h after whole body UV-B ir-
radiation, the incremental increase in 25(OH)D concen-
trations was 57% lower in obese than in non-obese sub-
jects. Another parameter related to body composition
and chronic low-grade inflammation is bioelectrical
phase angle, which is a proxy for muscle mass and cell
membrane integrity. Contrary to Barrea et al. [11]; how-
ever, there was no strong association between phase angle
at 50 kHz and 25(OH)D concentration in our sample. It
is possible that the strength of correlation was less pro-
nounced in our patients due to their older age and the
smaller range spanned by phase angle compared to the
relatively young population studied by Barrea et al. [11]
which also included physically active healthy individuals
with high phase angles.

In 2010, A. Zittermann estimated that improving vita-
min D status in Germany could save costs of EUR 37.5
billion annually and called for action by nutrition and
medical societies to erase vitamin D deficiency within the
next 5-10 years [31]. Our data indicate that this goal has
not been met in the Franconian region. The current CO-
VID-19 crisis should be taken as a warning to re-consider
the critical role of vitamin D for prevention of respiratory
virus infection, in addition to a general improvement of
outcomes for cancer patients. Vitamin D status of pa-
tients should be assessed and advice given to improve it
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