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Participant in the process of normal bone remodeling is vita-
min D, which, in addition, has anti-inflammatory (anti-cytokine),
anti-proliferative and anti-tumor effects. Objective of the study
is to assess the level of 25-hydroxyvitamin D; concentration in
blood serum before the start of treatment in patients with be-
nign, primary malignant and metastatic bone tumors, taking
into account polymorbidity. Materials and methods. The fol-
lowing patients were included in the study: 21 patients with
benign pelvic bone tumors; 52 patients with malignant tumors
of the bones of the pelvis and lower limbs; 52 patients with meta-
static tumors of the bones of the pelvis and lower limbs. The con-
trol group consisted of 22 practically healthy volunteers without
chronic diseases. The content of vitamin D was determined by
the immunochemiluminescence method. The results. The content
of vitamin D in blood serum in patients with benign bone tumors
is in the range from 22.4 to 29.6 ng/ml, with primary malignant
tumors — from 7.8 to 15.9 ng/ml, with metastatic ones — from
13.8 to 15.5 ng/ml. There are no statistically significant diffe-
rences between the histotypes of primary malignant bone tu-
mors (p > 0.05). Conclusions. Polymorbidity statistically signifi-
cantly increases vitamin D deficiency in patients with osteogenic
sarcoma and patients with metastatic bone tumors (p < 0.05).
According to the national classification of vitamin D content,
patients with benign bone tumors have a suboptimal level of vi-
tamin D, while patients with primary malignant and metastatic
bone tumors have vitamin D deficiency.

Bimamin D € adciusum pe2ynamopom npoyecy pemooentosanis
KICMOK 1, KpiM Yb020, MAE NPOMUZANATILHY (AHMUYUMOKIHOBY),
anmunponighepamusry ma npomunyxaunny Oii. Mema. Oyinumu pi-
6enb 25-ciopoxcugimaminy Ds y cuposamyi kposi xeopux na 0oopo-
AKICHI Ma NepeunHi 3105KICHI NYXAUHU 1l MEMACMAMUYHI YPadICeHHs
KICMOK 3 YPAaXy68anHsAM NoaimMopoioHocmi. Memoou. Y oocnioscenns
exmoueno: 21 nayienm (8ix 41-59 poxie) i3 006posSKICHUMU NYXTUHA-
Mmu kicmok ma3za; 52 (8ix 38—60 pokie) — 3i 3105KICHUMU NYXTAUHAMU
KicmoK ma3a ma Hus#CHix Kinyieok; 52 (6ik 38—57 pokis) i3 memacma-
TMUYHUMU YPAXHCEHHAMU KICMOK ma3a ma HudcHix Kinyieox. Cepeo
0Cib 3 nepeUHHUMU 3N0AKICHUMU HYXAUHAMU WA MEMACMAmuYHU-
MU YPadsCeHHAMU KiCMOK Matidice 6Ci Manu Cynymui 3axe0plo6aHHs.
Konmponvna epyna — 22 eononmepu 6e3 XpoHiuHUX 3axX60pioéatp.
Bmicm eimaminy D euznauanu iMyHOXeminOMIHeCYeHMHUM Memo-
oom. Pezynemamu. Buicm eéimaminy D y cuposamuyi kposi nayicrmie
i3 doOposiKichumu nyxauHamu Kicmox oopieniosas 22,4—29,6 ne/ma,
i3 nepeuHHUMU 310SKICHUMU — 7,8—15,9 He/mn, memacmamuunumu
ypaocennamu — 610 13,8—15,5 ne/mn. 3nHauywoi siominnocmi pieHis
simaminy D y X60pux Ha pizHi 6UOU NEPEUHHUX 3TIOSKICHUX NYXJIUH He
B8CMAHOBIEHO. Y pa3i nepUHHUX 3N0AKICHUX NYXJUH PI6eHb 8IMami-
ny D 6y6 cymmego nuscuum, Hide 6 ocid i3 000pOAKICHUMU NYXu-
Hamu. Y Jcoono2o 3 Xeopux Ha aH2i0CapKoMy, XOHOPOCapkomy abo
capxomy FOinea ne ecmarnosneno oocmamHiii pieenv simaminy D.
3a ymoe komopOiOHUX 3aX680pH06aHb 30iMbULYEABCs Deiyum 8ima-
Mminy D, ane cmamucmuuno 3Hayyuji 6iIOMIHHOCII BUSHAYEHO JuuLe
O/151 NAYIEHMIG 3 OCIME02EHHOI0 CAPKOMOIO Ma MemacmamuyHumMu
ypasicennamu kicmox. Bucnosxu. Ipaxmuuno ¢ 100 % nayicnmis i3
nepeuHHUMU 310aKICHUMY nyxaunamu (12 cicmomunig) i memacma-
MUYHUMUY YPadiceHHaMU (4 cicmomunu) KiCmoK masza ma HUdCHIX
KIHYIBOK 8us61eHo deqhiyum eimaminy Dy cuposamyi Kposi, i3 006-
POSIKICHUMU nyXauHamu (6 2icmomunie) — cyOonmumManbHull 1020
pisenb. 3a ymos KOMOPOIOHUX 3AX60PIOEAHb YCIMAHOBNEHO CYMMEBO
binvuuuil depiyum gimaminy D y nayienmis 3 0cmeo2eHHoIO capKo-
MOI0 Mma MemacmamuiHumMuy ypasicenuamu kicmok. Kniouosi croea.
Bimamin D, nyxaunu xicmok, memacmamuyti ypajcenHs KiCmok,
noaimopoioHicme.
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Introduction

Vitamin D is a general term used to refer to vi-
tamin D, (ergocalciferol) and vitamin D; (cholecal-
ciferol). Calcidiol (25(OH)D) is the main circulat-
ing form of vitamin D and reflects its reserves in
the body. The half-life of calcidiol is 14 days. The bio-
logical action of vitamin D is realized by the active
form of the hormone, calcitriol (1,25(0OH)2D3). Its
classic effects are determined by calcium exchange;
parathyroid hormone synthesis; phosphate/calcium
exchange in the kidneys; differentiation and function-
ing of osteoblasts and osteoclasts. The non-classic
effects of calcitriol include antiproliferative, antibac-
terial, anti-inflammatory (anticytokine), immuno-
modulatory, normoglycemic (insulin), antidepres-
sant, analgesic, anabolic, lipolytic, organoprotective,
hypotensive, as well as regulation of apoptosis and
angioneogenesis [1].

The activity of calcidiol (250HD3) is 1000 times
lower than that of calcitriol, but the effects are similar,
since the concentration of calcidiol in blood serum is
higher — 30 pg/1 [2]. It is this metabolite that is most
evidently associated with indicators of bone tissue
health and is the only informative biochemical mar-
ker of vitamin D status in the human body. Taking
vitamin D supplements increases 25(OH)D levels to
a greater extent [1, 2].

The anti-proliferative, anti-apoptotic and anti-neo-
angiogenic effects of 25(OH)D make it possible to
consider vitamin D as a steroid hormone with on-
costatic and oncoprophylactic properties. Vitamin D
deficiency has been shown to be associated with an
increased risk of cancer through up-regulation of tu-
mor-associated gene expression [3], with a higher in-
cidence of skeletal events and a worse prognosis; high
mortality in breast and prostate cancer patients [4].
The effect of vitamin D on bone tumor growth is due
in part to increased bone remodeling, but also to a di-
rect effect of vitamin D on cancer cells. In particular,
vitamin D has been shown to directly regulate cell
proliferation, differentiation, and apoptosis in many
tissues, including malignant tumors [5]. Based on
this, studies on the determination of vitamin D con-
tent in blood serum in patients with primary malig-
nant tumors and metastatic bone lesions [6] without
taking into account polymorbidity [7] are considered
quite logical.

Purpose: to evaluate the level of 25-hydroxyvita-
min D; concentration in blood serum of patients with
benign and primary malignant tumors and metastatic
bone lesions, taking into account polymorbidity.

Material and methods

The study involved the following groups of
patients:

— 1% (control) — 22 practically healthy volunteers
without chronic diseases aged 36 to 55 years;

— 2 — 21 individuals with benign pelvic bone
tumors, age from 41 to 59 years before treatment;

— 3¢ — 52, with malignant tumors of the bones
of the pelvis and lower limbs, age from 38 to 60 years
before treatment;

— 4t 52, with metastatic lesions of the bones
of the pelvis and lower limbs, age from 38 to 57 years
before treatment. The study was conducted in Kyiv.

The criteria for the inclusion of patients in
the study were as follows: age from 36 to 60 years,
absence of osteoporosis and pain syndrome, normal
function of the kidneys (the permissible level of ex-
ceeding the upper limit of the reference values of cre-
atinine is not more than 2.5) and the liver (biochemi-
cal indicators of bilirubin, ALT, AST are not greater
more than 2.5 times the upper limit of the norm),
the general somatic status according to the Kar-
novsky scale is not lower than 80 %; body mass index
of 18.5-25 kg/m?; polymorbidity

Patients of the 3rd and 4th groups had such comor-
bidities as arterial hypertension, ulcer disease, osteo-
arthritis, arthritis, diabetes 2, cholecystitis, coronary
atherosclerosis, coronary heart disease, consequences
of myocardial infarction and ischemic stroke. Within
the methodology [8], polymorbidity was classified by
the number of clinically diagnosed diseases: cancer
+1; cancer +3. Among the examined, there were prac-
tically no persons with primary malignant tumors and
metastatic bone lesions without concomitant diseases.

Criteria for excluding patients from the study: se-
vere condition (Karnovsky score lower than 50 %),
mental illness in the history, signs of kidney or liver
failure (ALT/AST level over 100 units/l; creatinine
over 220 pumol/l), low hematological indicators (he-
moglobin lower than 90 g/l, initial number of leu-
kocytes less than 3,000, platelets less than 50,000
in peripheral blood), active infectious process; heart
rhythm disturbances, use of narcotic analgesics
for pain relief, routine intake of food supplements
with vitamin D or drugs that affect bone metabo-
lism (calcium, parathyroid hormone analogues or
bisphosphonates).

The diagnosis was established on the basis of clini-
cal examination, history, radiological examinations
(x-rays, magnetic resonance imaging, computed to-
mography, etc.) and histopathological findings.
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The content of vitamin 25(OH)D (25-hydroxy-
calciferol) in blood serum was determined by
the immunochemiluminescence method on the AR-
CHITECT 25-OH Vitamin D Controls automatic
analyzer. Detection limit — 2.1 ng/ml, intra-assay
variation coefficient — 5.2 %, inter-assay variation
coefficient — less than 7 %. Patients were strati-
fied (in addition to the study design) according to
the classification of vitamin D content [9]: deficien-
cy — less than 20 ng/ml (50 nmol/l), suboptimal
level — 20-30 ng/ml (50—75 nmol/l), optimal (target
status) — 30-50 ng/ml (75-125 nmol/l), high con-
tent — 50—-100 ng/ml (125-250 nmol/l), dangerous
level — more than 100 ng/ml (250 nmol/I). Blood was
taken on an empty stomach at 7 a.m., before diagnos-
tic procedures and taking medications.

All patients participated in the study after signing
informed consent for planned clinical, radiological,
laboratory and therapeutic measures. The study was
conducted in accordance with the principles of bioe-
thics set forth in the Helsinki Declaration of the World
Medical Association «Ethical Principles of Medical
Research Involving Humans» and the «General Dec-
laration on Bioethics and Human Rights» (UNESCO),
reviewed and approved at the meeting of the Medical
Ethics Commission of the Communal Non-Profit Es-
tablishment Kyiv Clinical Hospital No. 3 (Protocol
No. 3 16.06.2023).

Statistical processing of the material was carried
out using methods of variational statistics. Arithme-
tic mean (C), root mean square (standard) error, and
arithmetic mean (m) values were calculated. Diffe-
rences in mean values in pairwise comparisons, as-
sessed by Student's t-test, were considered statistical-
ly significant in p < 0.01.

Results and their discussion

The results of determining the content of vita-
min D in the blood serum of patients with benign and
primary malignant tumors, metastatic bone lesions
are presented in Tables 1, 2 and 3.

According to the domestic classification of vita-
min D content [9], suboptimal vitamin D levels were
found in patients with benign bone tumors, and a de-
ficiency in primary malignant tumors and metastatic
lesions. Significant differences in vitamin D levels
were found between patients with primary malignant
tumors and metastatic bone lesions compared to cases
of benign tumors. In particular, patients with primary
malignant tumors had significantly lower vitamin D
levels than those with benign tumors. None of the pa-
tients with angiosarcoma, chondrosarcoma, or Ewing's
sarcoma had adequate levels of vitamin D. This indi-

cates the possibility of a relationship between low vita-
min D levels and the presence or progression of prima-
ry malignant tumors and metastatic bone lesions.

The study showed that under the conditions of co-
morbid diseases, vitamin D deficiency increases, but
statistically significant differences were established
only for patients with osteogenic sarcoma and meta-
static bone lesions (p < 0.05).

Discussion

The results of the study confirm vitamin D defi-
ciency in patients with primary malignant and meta-

Table 1
The content of vitamin D in blood serum
in patients with benign and primary
malignant bone tumors

Tumor classification Number Vitamin D
of patients |  content, ng/ml
Benign tumors
Aneurysmal bone cyst 5 23.5+2.1
Giant cell tumor of the bone 4 241+23
Osteoma 3 272+24
Chondroblastoma 3 287+2.3
Osteoblastoma 3 29.6 +2.3
Leiomyoma 3 224419
Malignant tumors
Chondrosarcoma 9 9.8+1.2
Osteogenic sarcoma 8 13.6+14
Ewing's sarcoma 6 85+ 1.1
Paraosteal osteosarcoma 5 92+1.2
Fibrosarcoma 4 10.1 £ 1.1
on-Hodgkins lymphoma) | 4| 159%17
Solitary plasmacytoma of bone 3 147+ 1.6
]ﬁfégt?l:l‘; rgiant cell 3 124+13
Angiosarcoma 3 7.8+£09
Periosteal osteosarcoma 3 83+09
Adamantinoma 2 11.2+ 1.1
Epithelioid hemangioendothelioma 2 9.6x1.1
Table 2

Vitamin D content in blood serum of patients
with metastatic bone lesions

Primary focus Number Vitamin D

of patients content, ng/ml
Prostate cancer 18 13.8+1.5
Breast cancer 15 144+1,6
Lung cancer 11 155+1.3
Kidney cancer 8 141+14




ISSN 0030-5987. Orthopaedics, traumatology and prosthetics. 2023. No 2

Table 3
Dependence of vitamin D content (ng/ml) in blood serum of patients determined by polymorbidity
Tumor Number of patients Polymorbidity
(cancer +1) + (cancer +3) J— | camcor 03
Primary malignant tumors
Chondrosarcoma 5+4 11.2+0.8 8.4+09
Osteogenic sarcoma 4+4 171+1.2 10.1+£0.9
Ewing's sarcoma 3+3 87+0.38 73+0.8
Metastatic tumors
Prostate cancer 8+10 151+1.1 125+ 1.1
Breast cancer 7+8 16.2+1.1 126+0.9
Lung cancer 5+6 173+1.2 137+ 1.1
Kidney cancer 3+5 172+ 1.1 11.1 +£0.9

static bone tumors on a larger number of histological
types of tumors on the example of the northern lati-
tude of the city of Kyiv (50°27' north latitude).

For comparison: according to the most represen-
tative data [6], the vitamin D content in the blood se-
rum of 32 patients with bone metastases is on average
13.9 ng/ml (without specifying the primary focus).

Determination of vitamin D content in blood se-
rum has certain limitations that must be taken into
account. The levels of vitamin D found in our pa-
tients can only be compared with those of people
who live in latitudes comparable in terms of the ul-
traviolet index, for example, in Paris (48°51' N), Se-
attle (47°37'), Calgary (51° 3’), Vancouver (49°15").
The full range of reference values for 25(OH)D is not
optimized, its upper limit is not defined (there are no
reliable biomarkers for determining vitamin D levels
for non-classical effects, which should be higher than
bone levels) [10—12]. Furthermore, there is current-
ly no international consensus on the specific serum
25(0OH) D level that should be considered insufficient
or deficient [11, 12 ]. According to the dietary norms
of calcium and vitamin consumption of the US Insti-
tute of Medicine, the classification of vitamin D con-
tent in blood serum is as follows: the risk of deficien-
cy is less than 12 ng/ml, the risk of insufficient intake
is 12-19 ng/ml, and sufficient intake is 20—-50 ng/ml
[13].

It stands to mention that using standard tests it
is impossible to distinguish between 25(0OH)D; and
3-epi-25(OH)D; molecules in blood [14]. Therefore,
the obtained values of 25(OH)D; can be overestimat-
ed by 0.1-4.5 ng/ml due to 3-epi-25(OH)Ds.

Issues related to the impact of a low level of vita-
min D on the increased risk of developing cancer and
various pathological processes in the body and death
are being analyzed [15]. It is known that this nutrient

suppresses the process of glycolysis, which is neces-
sary for tumor cells for energy balance, growth and
survival. By blocking glycolytic enzymes, vitamin D
significantly reduces glucose consumption, activates
apoptosis, thus reducing the vital activity of cancer
cells [10]. Insufficiency/deficiency of vitamin D was
determined in the majority of patients with newly
detected breast cancer. Deficiency or insufficiency
of vitamin D may be pathophysiologically related to
the development or progression of the disease [4].

Bone metastases have devastating consequences,
leading to pathological fractures, chronic pain syn-
drome, life-threatening hypercalcemia and nerve
compression syndromes, significantly reducing
the quality of life. An increase in the level of poly-
morbidity is associated with a decrease in X-ray den-
sity and an increase in the heterogeneity of cancellous
and compact bones (regularity is reliable, p < 0.01) in
a number of groups: practically healthy individuals,
patients with benign tumors, malignant tumors, and
metastatic lesions [16]. In reality, all malignant neo-
plasms can metastasize first to the bone marrow.

Most often, this is characteristic of breast and
prostate cancer, lung and kidney cancer. And bone
metastasis is a late manifestation of metastasis from
the primary focus of these neoplasms to the bone
marrow [17].

Conclusions

Virtually 100 % of patients with primary malig-
nant tumors (12 histotypes) and metastatic lesions
(4 histotypes) of the bones of the pelvis and lower
limbs had vitamin D deficiency in blood serum, with
benign tumors (6 histotypes), its suboptimal level.

Under the conditions of comorbid diseases, a sig-
nificantly greater deficiency of vitamin D (p < 0.05)
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was established in patients with osteogenic sarcoma
and metastatic bone lesions.
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