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ABSTRACT

Objective: Our aims were to compare the vitamin D status of children with and without cancer
and to examine the possible correlation between vitamin D levels in children with cancer before
initiating treatment and prognosis.

Method: We compared the data of 173 children with cancer with those of 569 children without cancer.
Results: We measured a significant difference (p = 1.34E-08) between the vitamin D levels of chil-
dren with cancer before treatment and children without cancer. There was a significant correlation
between the initial vitamin D levels of children with cancer and the prognosis (p=0.016, odds
ratio = 51.33) at 5% significance.

Conclusions: The average vitamin D level was 19.76% lower in the population with cancer compared
with the average of the control group, and we found a correlation between the lower vitamin D lev-
els in children with cancer and the adverse prognosis. We suggest that supplying vitamin D is reason-
able and a prospective study of vitamin D in pediatric patients with cancer is recommended.

Abbreviations: BMI: body mass index; CR: complete response; ECLIA: electrochemiluminescens
immunoassay; EX: exitus; OR: odds ratio; PD: progressive disease; PR: complete response; PTH:
parathormone; SD: standard deviation; SDi: stable disease; SE: Semmelweis University; UVB: ultra-
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Introduction

Over the past 15 years, more than 90,000 cohort studies about
the correlation between vitamin D deficiency and cancer were
published. Based on the findings about the correlation between
malignity and vitamin D deficiency in adults, vitamin D sup-
plementation for healthy adults and in cases of subclinical
deficiency was recommended (1-3). The correlation between
initially lower vitamin D levels and worse prognosis was also
described in cohort studies (4). Hence, we assume that the
normalization of vitamin D levels, along with the treatment of
cancer, increases the survival rate (1,3,5,6). The normal vita-
min D level is defined as the value that does not provoke the
compensatory increase of parathormone (PTH) levels, speci-
fied as 30 ng/ml (75 nmol/l). A value below this level indicates
subclinical vitamin D deficiency that is not necessarily mani-
fested in musculoskeletal disorders but increases the probabil-
ity of cardiovascular diseases, diabetes mellitus, autoimmune
conditions, and tumors. According to the published data, 75%
of the adult population worldwide experience vitamin D defi-
ciency, of whom 13% fall under the category of extremely
severe vitamin D deficiency (<10ng/ml) (7). In Hungary,
almost three-quarters of the population have a low vitamin D
status (8); such a trend shows an increasing tendency along
the geographical latitudes toward the North. This case is

caused by low ultraviolet type B (UVB) exposure that is associ-
ated not only with the geographical location (which deter-
mines the angle of the sun’s rays and the length of daylight
hours) but also with the indoor lifestyle and the use of sun-
screen products to prevent melanoma (which characterize
developed societies) (9). The situation is aggravated by insuffi-
cient vitamin D and high phosphate intake. Individual vitamin
D levels are also influenced by the genetic polymorphism of
enzymes and proteins that play roles in the metabolism of vita-
min D (10). With the knowledge of data on adult patients, we
conducted an introductory research on childhood malignancy
in the form of a retrospective study. Our aim was to survey
the vitamin D status of populations of children with and with-
out cancer to determine whether there would be a relevant,
significant difference. Furthermore, we studied the effects of
vitamin D supplementation (as a complement to cancer treat-
ment) on the vitamin D levels of children and the correlation
of initial and normalized vitamin D levels with the prognosis.

Methods
Patients

Our patient group comprised 173 children, aged 0 to 18
(mean age: 6.04years) who were treated for cancer at the
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Semmelweis University (SE), 2nd Department of Pediatrics
(Oncology Center in Hungarian Pediatric Oncology Network)
of between January 1, 2009, and December 1, 2013. The exam-
ined group included 96 male (55.5%) and 77 female (44.5%)
patients. We had and processed data of the body mass index
(BMI) in 130 cases out of 173. Performing age- and gender-
specific comparisons with a healthy average population by
using the Hungarian BMI percentile table, we have found that
20% of our cancer patients were less than 3 percentile due tot
he reason of rapidly growing cancer. Cancer cachexia is a
wasting syndrome characterized by weight loss, anorexia,
asthenia and anemia. The rest of the group corresponded to
normal Gaussian distribution (Figure 1). The cancer patients’
group contains 46 neuroblastoma (26.6%), 2 medulloblastoma
(13.9%), 21 Ewing-sarcoma (12.1%), and 10 ganglioneuroma
(5.8%) cases. The rest of the malignancies represented fewer
than 10 patients. These tumors are 8 nephroblastoma (4.6%),
6 retinoblastoma (3.5%), 5 astrocytoma (2.9%), 5 ependy-
moma (2.9%), 5 glioblastoma (2.9%), 5 papillary thyroid car-
cinoma (2.9%), 4 atypical teratoid rhabdoid tumor (2.3%), 4
hepatoblastoma (2.3%), 4 teratoma (2.3%), 4 primtive neuro-
ectodermal tumor (PNET) (2.3%), 4 teratoma (2.3%), 2 hem-
angioma (1.1%), 2 adrenal cortex carcinoma (1.1%), 2
histiocytosis (1.1%), 2 optic glioma (1.1%), 1 other brainstem
tumor (0.5%), 1 AML (0.5%), 1 choroid plexus carcinoma
(0.5%), 1 corpus pineal tumor (0.5%), 1 desmoplastic carcin-
oma (0.5%), 1 other endocrine tumor (0.5%), 1 testicular
tumor (0.5%), 1 juvenile granulosa cell tumor (0.5%), 1 medul-
lar thyroid carcinoma (0.5%), 1 myofibroma (0.5%), 1 pineo-
blastoma (0.5%), 1 plexus papilloma carcinoma (0.5%), 1
rhabdoid renal tumor (0.5%), and 1 sinus ethmoidalis tumor
(0.5%). Patients received identical oncology treatment deter-
mined by the Hungarian National Protocols for the same
pathological diagnosis; therefore, all diagnoses had been
proved by histopathology.

The first sampling was done before the initiation of onco-
logical treatment and parallel vitamin D supplementation.
Regarding the Hungarian National Protocols, all cancer
patients received vitamin D supplementation from the begin-
ning of the treatment. Since it is known that with regular
intake serum vitamin D level reaches a plateau in 4 to 6 weeks
(11), the second sampling took place after this time period.

The core data on the children were provided by the Hungarian
National Childhood Cancer Registry and the MedSolution sys-
tem of the clinic. The full anonymity of the children was kept.

The control group consisted of 569 children, aged 0 to 4
(mean age: 1.96years) who received treatment at the clinic
for reasons other than cancer. Their data were collected
between October 10, 2013, and September 29, 2014. The con-
trol group included 310 male (54.5%) and 259 female
(45.5%) patients. Since an average Hungarian healthy popula-
tion was used as a control group, BMI was considered nor-
mal Gaussian distribution. We accessed the list of children,
together with their measured vitamin D levels, through the
Department of Laboratory Medicine of SE. From the large
data set (n=694), we eliminated the data of those children
who had manifest vitamin D deficiency and/or calcium-
related metabolic disorders for they had been essentially
receiving vitamin D supplementation. We could not exclude
the possibility that similar to the children assigned to the
control group, there might have been children in the group
of patients with cancer who also might have taken vitamin D
supplements. However, such scattered, random cases did not
lead to distorted results since we found no difference
between the two groups that we compared. In other words,
all of the children had belonged to the same population
before their admission and diagnosis; no one’s vitamin D sta-
tus was known beforehand. They only formed two subpopu-
lations when the diagnosis was provided and/or after
initiating treatment—those of children with and without can-
cer in the larger population with mixed vitamin D levels.

Methodology

The Department of Laboratory Medicine of SE calculated
the 25-(OH)-D; vitamin levels from the serum samples by
using immunoanalytical methods and electrochemilumines-
cens immunoassay (ECLIA). The laboratory used the Cobas
601 kit (marketed by the Swiss manufacturer Roche) and
the Liaison kit (product of the Italian company DiaSorin).
The PTH levels were measured with the Cobas 601 kit.

We used Microsoft Excel 2013 for statistical calculations.
The serum vitamin D level shows a normal distribution in
the nature. Using a cumulative distribution function, we
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Figure 2. Darker blue: number of patients with serum vitamin D level under
the average level; lighter blue: number of patients with serum vitamin D level
above the average level; bright point: mean values in each (patient and
control) groups.

checked whether our samples also satisfied the criteria of
normal distribution. Since the samples of our control group
satisfied these criteria, we compared and contrasted the vita-
min D values of the group of patients with cancer and the
control group with a two-sample T test at 5% significance.
To measure the effectivity of vitamin D supplementation, we
used the parametric paired T test, also at 5% significance.

We used Pearson’s chi-squared test to evaluate the correl-
ation between the difference of the initial vitamin D levels
and normalized values (with supplementation) and the prog-
nosis. We also calculated the odds ratios (ORs).

We calculated Pearson’s correlation coefficient to study
the inverse relationship between serum PTH and vitamin
D levels.

Results

Our primary goal was to compare the vitamin D status of
children with tumors with those of children without tumors.
In each case, we defined the level of significance at 5% (to
be interpreted the same way in every examination).

In the first step of this process, we compared the mean
values of the initial serum vitamin D data of the patient
group and the control group, which are shown in the box
diagram (Figure 2). The mean value of the control group
was 30.15ng/ml (SD = % 12.04), while the patient group
had a mean value of only 24.19ng/ml (SD = + 11.00).
These mean values are represented by the bright points in
Figure 2; deviation values and the median value of the data
(medianonirory = 29.00, median(paieny = 22.50) are pre-
sented traditionally, according to the methods of box plots.
The calculated mean serum vitamin D level of children with
cancer was 19.76% lower compared with the
trol population.

We arranged the measured vitamin D levels of the two
examined groups into subcategories (Figure 3). Based on
current literature data, we generally accept that a serum vita-
min D level of 20 to 29ng/ml is considered insufficient,
making vitamin D supplementation reasonable (this limit is
indicated by a vertical line in Figure 3) (12). In contrast, 10
to 19ng/ml indicates deficiency (13). Besides, we differenti-
ate severe deficiency in cases when the vitamin D level is

con-

less than 10ng/ml (14,15). We grouped and presented the
vitamin D status of the patient and the control populations
in the form of a bar chart according to these principles
(Figure 3). Hence, the proportions are shown in each cat-
egory. The percentage values were calculated within the
individual groups to present what percentage of the patient
group and the control group belonged to a certain category.
The fact that values above 30ng/ml for children without
cancer account for a much larger percentage is outstanding.
In the case of our own samples, the percentages of insuffi-
cient values are nearly equal in the two groups, still within
all of the subcategories under this value; therefore, in cases
of deficiency and severe deficiency, the dominance of chil-
dren with cancer is clear. These findings are consistent with
the data reported in international literature (16). In conclu-
sion, we find that while 52.37% of the children in the con-
trol group require vitamin D supplements, the same is true
for 73.26% of the children with cancer.

A cumulative distribution function was applied to analyze
the normal distribution, which definitely proved that the
parametric T test may be used in our study. Since the
advanced F test had shown our samples’ equal variance (p(f)
= 0.15), we used a two-sample T test with equal variance.
The difference between the patient’s initial and the control
groups’ vitamin D levels proved significant (p = 1.34E-08).

With the use of retrospective data, our study was
extended to evaluate the possible correlation between vita-
min D levels measured at the stages of diagnosis and prog-
nosis. We grouped the five classes describing the prognosis
of the disease into categories so that complete response (CR,
n=116), partial response (PR, n=11), and stable disease
(SDi, n=15) were classified as favorable, while progressive
disease (PD, n=5) and exitus (EX, n =26) were classified as
unfavorable. Since these are categorical variables, Pearson’s
chi-squared test was used for calculations. We transformed
the continuous variable (the vitamin D value) into a categor-
ical variable, according to the recommendation of the litera-
ture—above (n=47) and below (n=126) 30ng/ml as
normal and low levels, respectively. We found that vitamin
D values measured at the initial and the prognosis stages
were variables that depended on each other (}*(1) = 5.84,
p=0.016 at 5% significance); furthermore, a high OR
(51.33) showed that the probability of measuring an insuffi-
cient/deficient level rather than a normal value was 51.33
times higher in the unfavorable category. We present the
distribution of initially measured vitamin D values (Table 1)
within certain prognostic classes in Table 2. Progressing
toward groups with more favorable prognoses shows vitamin
D levels shifting toward higher values.

According to the current related literature, it is an
accepted fact that with regular intake, the serum vitamin D
level reaches a plateau phase after 4 to 6weeks (11).
Therefore, when we examined the effectivity of 1,000 to
2,000 NE vitamin D supplement—administered in parallel
with the oncological treatment at the clinic—we compared
the initial vitamin D levels with the values measured after a
minimum of 4 to 6 weeks, using a paired T test. The differ-
ence between early and late values was significant
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Figure 3. Blue column: number of children in the patient group. Numbers on the blue columns: the percentage of the patients with the certain vitamin D level in
patient group (N(< 10ng/mi: 10, Ni< 20ng/mi): 56, N(< 30ng/mi): 60, N(= 30ng/mn: 47). Orange: number of children in the control group. Numbers on the orange columns:
the percentage of the children with the certain vitamin D level in control group (n(< 10ng/mi: 11, N« 20ng/miy: 77, Ni< 30ng/mi: 210, N> 30ng/miy: 271). Vertical line:

vitamin D supplementation reasonable under that (30 ng/ml) serum vitamin D level.

Table 1. Number of patients in different serum vitamin D categories initially.

Initial vitamin D value (ng/ml) Complete response Partial response  Stable disease  Progressive disease  Exitus
>30 (sufficiency) 32 3 9 0 3
20-30 (insufficiency) 45 4 2 2 7
10-20 (deficiency) 33 4 4 2 13
<10 (severe deficiency) 6 0 0 1 3
Total 116 1 15 5 26
Table 2. Number of patients in different serum vitamin D categories showing responses to therapy.

Vitamin D-vitamin value

reached by treatment (ng/ml) Complete response  Partial response  Stable disease  Progressive disease  Exitus
>30 (sufficiency) 30 4 2 2 2
20-30 (insufficiency) 51 7 3 2 3
10-20 (deficiency) 10 0 1 1 4
<10 (severe deficiency) 1 1 0 0 1
Total 92 12 6 5 10

Vitamin D level (ng/ml) measured
prior to treatment

<10 9%

<20
m<30

u>30

Vitamin D (ng/ml) value reached by
treatment

3%

Figure 4. The percentage of children with lower than 10ng/ml serum vitamin D levels before and after vitamin D supplementation. The percentage of children
with 10-20 ng/ml serum vitamin D levels before and after vitamin D supplementation. The percentage of children with 20-30 ng/ml serum vitamin D levels before
and after vitamin D supplementation. The percentage of children with higher than 30 ng/ml serum vitamin D levels before and after vitamin D supplementation.

(p=0.02); vitamin D supplementation in fact increased the
serum vitamin D levels of children. The mean vitamin D
value of 24.19ng/ml before initiating the treatment
increased to 27.92ng/ml after the treatment. Table 1 shows
the elements of initially measured values, and Table 2 lists

the vitamin D values reached with treatment in each sub-
category. The pie chart (Figure 4) depicts the measured
vitamin D levels in advance of and after the treatment,
where a section corresponds to the percentage values of the
subcategories. The significant shift toward higher values in
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50.00
45.00 -
40.00 ®
< 3500 ° % o °* ¢
E ™ * @ o e® o
5 30.00 % 'S
& ... o ®8 o °
A 25.00 ¢ .. %N e® Qo0
£ 20.00 s o A | P 'd.'. ........ ..O
€ s e0% o ‘ % 5 s
£ 15.00 .o ® o
> 10.00 > ¢ oo &
5 00000 e 20.00 ® 40,00 60.00
0.00

y =-0.1336x + 27.283
R?=0.0976

® 380.00 ® 100.00 120.00 140.00

Parathormone (pg/ml)

Figure 5. Blue points: the PTH levels measured at the same time as the adherent serum vitamin D level; Blue line: the linear regression; visualise a negative

correlation.

the case of values measured (at least 4-6weeks) later is
clearly visible.

Our further goal was to examine whether there would be
a correlation between the prognosis of the disease and the
normalization of vitamin D levels, that is, to determine
whether the prognosis improved in the cases of children
whose serum vitamin D levels had successfully reached the
minimum 30ng/ml with supplementation, compared with
those whose vitamin D values remained below the normal
level. During the division into prognostic classes (CR,
n==63; PR, n=28; SDi, n=4; PD, n=3; EX, n=38) and the
transfer of vitamin D levels into categorical variables
(> 30ng/ml, n=40; < 30ng/ml, n=46), we carried out the
same proceedings as we did when evaluating the effect of
initial values on the prognosis. Pearson’s chi-squared test
was used for calculations in this case as well. Our study
could not support a significant correlation between the nor-
malization of vitamin D and the prognosis of the disease
(7 (1) = 0.52, p=0.47).

The correlation between serum vitamin D and PTH levels
is known from the literature (11,17,18). Thus, we raised the
question of whether the serum vitamin D level might be
securely derived from the value of PTH as a more frequently
monitored parameter. During the process of data collection
in case of cancer patients, we paid attention to the use of
vitamin D and PTH values that were determined at the
same time. To answer our question, Pearson’s correlation
coefficient was calculated. Between the two values, a clear
negative correlation (but not too close) could be determined
(r = —0.31); the correlation significantly differed from 0
(p=0.001). We performed a linear regression analysis to
find out whether, in our case, the PTH value (x) would pre-
dict the corresponding vitamin D value (y) (Figure 5). The
coefficient of determination (r* = 0.09) showed that only
9.7% of the total variance of vitamin D could be explained
by the linear relation to PTH (SD = 8.64). According to this
result, estimates based on this procedure cannot be recom-
mended. Whereas PTH production is able to react to serum
calcium levels relatively fast, vitamin D levels at a given
time are rather dependent on supplementation (e.g., intake).
This further reduces the codependence of the two

parameters and the ability to estimate one from the other in
case of a given sample.

The vitamin D level’s seasonal fluctuations might be
explained by changes in the length of daylight hours and the
angle of the sun’s rays. As a result, the vitamin D level gen-
erated by UVB radiation on the skin fluctuates (19).
According to the data published by the National
Meteorological Service (20), the amounts of daylight hours
in Hungary over the 1981 to 2010 period were similar to
those measured in 2015, so we used the latter data as the
basis of our calculations. The number of daylight hours
showed a seasonal fluctuation between 51 and 310 hours per
month, with the minimum in December and the maximum
in July.

Based on this distribution, we divided our patients’ data
into two categories—measured in the months of low
(October-March) and high (April-September) numbers of
daylight hours. According to the F test carried out in
advance (p(f) = 0.46), we compared the patient group’s vita-
min D values that were measured in the months with low
and high numbers of daylight hours, using a two-sample T
test. A significant difference (p=0.30) could not be meas-
ured in our patient population at a 5% significance. The
possible reasons for this result could be either the low num-
ber of elements or the diversity of the patient population
(different types of cancer, disease diagnosed at different
stages).

Discussion

We conducted research in Hungary about the possible role
of subclinical vitamin D deficiency as a risk factor in tumor-
ous diseases developing among children. Previous cohort
studies involving adults clearly described a higher risk of
certain tumorous diseases among individuals with lower
vitamin D levels than the recommended dosage (3).
However, we evaluated a retrospective study. The results
also showed significantly lower levels (p=1.93E-08) among
the children with cancer; their mean vitamin D level was
19% lower than in the control group. The procedure used
and the fact that the serum vitamin D level is a result of
numerous factors raise the question (as asked in the



literature) of whether a causal relationship could be found
or a reverse causality exists (21). The argument states the
possibility that the simultaneous occurrence of vitamin D
deficiency and the development of cancer might be traced
back to mutual risk factors, such as geographical location or
seasonal and genetic factors. Furthermore, the vitamin D
receptor (VDR) can be detected in various cells of the body
that as a nuclear receptor reduces cell proliferation and
stimulates differentiation through the complex network of
genomic and non-genomic mechanisms, which are adverse
processes of tumor genesis (22,23). Numerous cohort studies
were conducted among adults to evaluate the correlation
between initial vitamin D values and the prognosis. Lower
mortality rates were registered with higher initial vitamin D
values, while worse prognostic data were paired with lower
values in cases of breast, lung, and colorectal cancers (4,24);
lymphoma (25); and gastric carcinoma (26). In the course of
our research, we also found an unfavorable correlation
between the prognosis and low vitamin D values (<30 ng/ml)
(p=0.016, OR = 51.33). Although a significant correlation
between vitamin D values (normalized by supplementation)
and the prognosis could not be confirmed in the case of
our patient data, several publications proposed the optional
supplementation of vitamin D analogs as part of the treat-
ment. They showed good results in treating retinoblastoma
in an animal experiment (27) and in breast cancer; in the
cases of the so-called vitamin D-sensitive tumors (where
higher VDR protein levels were measured in tumor cells),
the vitamin D supplementation might prove effective (23).
A study showed the apoptosis-inducing effect of a vitamin
D analog (EB1089) on chronic lymphoid leukemia cells
(28). Based on this sensitivity, the question about the role
of VDR levels as possible prognostic factors was raised, not
only in breast cancers but also in pancreatic cancers (29).
Besides, much cellular and molecular genetic research
proved that among others, vitamin D inhibited cell adhe-
sion and induced apoptosis and differentiation (30). The
T-cell-activating effect of vitamin D was also shown as a
stimulator of the immune system against tumorous cells
(6). In conclusion, the literature in and the results of ear-
lier research showed high similarity to the significant cor-
relation that we found between the higher risks of cancer
developing and insufficient serum vitamin D levels, as well
as between lower initial vitamin D values and unfavorable
prognosis. In the future, more extended cohort studies
might prove the preventive value of vitamin D level nor-
malization as a possible prophylactic treatment. They could
also help resolve the inconsistent findings about the correl-
ation between vitamin D normalization and prognosis, as
shown in our own calculations and the vast literature pub-
lished in the field. According to our study, 73% of the
children with cancer require supplementation, which is a
very high rate, especially since the normalization of vitamin
D levels can easily be achieved. It is a simple process,
which could reduce the incidence of other diseases devel-
oping as well (3).

Several studies reported that in certain cancers, vitamin
D increased the potency of chemotherapy and strengthened
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the fight against the diseases (31). In some cases, it is
already part of the treatment protocol. We found that vita-
min D treatment in fact increased the serum vitamin D
level, which (according to the literature) might weaken the
further proliferation of the tumor, help in its destruction,
and strengthen the immune system through the VDR.

According to some research, supplements containing
2,000 NE vitamin D may be taken safely on a daily basis by
every age group (1). The optimal procedure would be per-
sonalized supplementation. Specifically, the most efficient
supplementation could be achieved by evaluating serum
vitamin D levels and treating different degrees of severity of
the deficiency on an individual basis (11,32), which are fur-
ther complicated by individual variances.

Conclusion

Our examination results showed that the initial vitamin D
levels of children with cancer were significantly lower than
those of children without cancer. We found a correlation
between insufficient and deficient initial serum vitamin D
levels and unfavorable prognosis. However, the length of the
history and the stage of the tumor at the time of the
patients’ admission to our department have not yet been
considered up to now. Based on the literature and our
results, we propose a randomized and controlled cohort
study with a larger number of cases to clarify the causation
between tumor genesis and low serum vitamin D levels.
Although vitamin D supplementation would be most effi-
cient if medicine would follow the present trend of personal-
ized therapy, the intake of 2,000 NE daily is a simpler,
generally accepted, and recommended approach.
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