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ABSTRACT

INTRODUCTION: Malignant neoplasms (MNs) are currently widespread in the population. The study of the etiology of various
tumor diseases is an important field of medical science. In recent years, elevated level of homocysteine (HC) in blood has
been shown to be closely associated with cancer, as well as with unfavorable course after surgical interventions and during
chemotherapy.

AIM: To assess the role of hyperhomocysteinemia (HHC) and polymorphism of folate cycle genes in the development of tumor
processes and venous thromboembolic complications (VTEC).

MATERIALS AND METHODS: The PubMed and eLibrary.ru databases were searched for publications for the period from
January 1, 2005 to December 31, 2024, including abstracts and articles with the results of original studies (primary sources),
meta-analyses and reviews (secondary sources), foreign and Russian clinical guidelines (tertiary sources) using the keywords
‘malignant neoplasms’, ‘hyperhomocysteinemia’, ‘folate cycle gene polymorphism’, ‘folic acid’, ‘venous thrombhoembolic
complications’. The role of HHC, folate cycle gene polymorphism in the development of tumor processes and venous
thrombosis was analyzed and assessed.

RESULTS: This review analyzes the relationship between elevated plasma HC levels and the risk of developing malignant
neoplasms of various locations and discusses clinical prospects. The article presents evidence of interaction between allelic
polymorphism of folate cycle genes involved in HC metabolism, and the risk of development and course of cancer in humans.
The article systematizes data on the role of HHC in the development of VTEC in patients with cancer.

CONCLUSION: The content of HC in blood plasma can be used as a potential tumor biomarker for various types of MNs, and
HHC can be an important prognostic marker for the course of tumor processes and a risk factor for the development of VTEC.
Understanding the effect of HC levels on the growth and proliferation of tumor cells will allow the creation of new promising
strategies to combat MNs. Further clinical studies are needed for a more accurate assessment of these positions.
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MneproMoumcTeMHeMmua M 0cobeHHOCTHU pacnpegeneHun
annenbHoro nonuMopdusMa reHo gponaTtHom rpynnol
y 6051bHbIX CO 310Ka4yecTBEHHbIMU HOBOOOpa3oBaHUAMM
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AHHOTALIMA

Bgedenue. 3nokayectBeHHble HoBoobpa3oBaHuA (3HO) B HacToAllee BpeMA LUMPOKO PacnpocTpaHeHbl B MOMyNALMK.
N3yyeHne 3TMONOrMM Pas3nMuHbIX OMyXoNeBblX 3ab0NneBaHWW ABMAETCA BaKHbIM 3BEHOM B MEeOMLIMHCKOM Hayke.
B nocnegtue rogpl bbi10 MokasaHo, YTO MOBbLILLEHHBIM YpOBEHb roMoumcTenHa (ML) B KpoBM TeCHO CBA3aH € paKkoM, a Takke
HebaronpuUATHLIM TEYEHWEM NOCIIe OMepaTMBHBIX BMELLATENBCTB M Ha (OHe XMMUOTepanuu.

Llens. Ouenutb ponb runepromoumctemHemmm (ML) v nonvMop¢uaMa reHoB GonaTHOro LMKNa B pasBUTUM OMYXOJEBbIX
MPOLLECCOB M BEHO3HbIX TPOMO03IMOOIMUECKMX OCOHHEHMI (BT30).

Mamepuanel u Memodel. B 6a3ax faHHbix PubMed u elibrary.ru BeinonHeH nouck nybnukaumi 3a nepuog c 1 AHBapA
2005 no 31 perabpa 2024 ropa, BKNKOYasA TE3UCHI M CTaTbU C Pe3ynbTaTaMu OPUTMHaNbHLIX UCCNenoBaHUN (MepBUYHbIE
WCTOYHMKM), MeTaaHanu3bl U 0630pbl (BTOPUYHBIE UCTOYHWKM), 3apyberHble U POCCUIMCKUE KNMHUYECKME PEKOMEHIALMK
(TPETUYHbIE MCTOYHMKM) MO KIIOYEBBIM CNOBaM «3/10KaYECTBEHHbIE HOBOOOPA30BaHMA», «TUMEProMOLUCTEUHEMUAY,
«nonuMopdu3M reHoB GonaTHOro0 LMKNa», «dONMEeBas KWCNOTa», «BEHO3Hble TPOMHOIMBONMUYECKME OCNOMHEHUA®.
MpoaHanuaupoBaHa 1 oueHeHa ponb [TL, nonMMopduamMa reHoB donaTHOro LMKIA B pa3BUTUK OMyX0JeBbIX NPOLECCOB
1 BEHO3HbIX TPOMb030B.

Pe3ynomameoi. B 310M 0630pe aHanM3upyeTcA B3aMOCBA3b Me Yy NOBbILLEHHBIM ypoBHEM 'Ll B nna3me 1 puckoM passuTuA
3HO pa3nuuHoit noKkanmsaumm U obcykpawTca bymylimMe KAMHUYECKMEe NepcreKTuBbl. [pUBOLATCA [0Ka3aTenbCTBa
B3aMMOLENCTBMA MEXAY annenbHbiM NoAMMopdu3MoM reHoB $ONMATHOr0 LMKNG, y4acTBylowmx B MeTabonusme [,
1 pucKoM pa3ssuTnA u TeueHna 3HO y yenoseka. CucteMatuampytotca ceefieHna o ponm [TL B passuTim BeHo3HbIx BT30
y naumenTos co 3HO.

3aknoyenue. Copeprkanve Ll B nnasmMe KpoBM MOMHO MCMOMb30BaTb B KayecTBe MOTEHLMANLHOMO OMyXONeBOMO
buomapkepa mpu pasnuubbix Bupax 3HO, a [TL MomeT ABNATHCA BarKHbIM MPOTHOCTUYECKUM MapKepoM TeuyeHus
OnyXoNeBbIX NPOLLECCOB M (aKTopoM pucka pa3sutva BT30. MoHMMaHWe BamsaHKUA ypoBHA Tl Ha pocT 1 nponudepaumio
ONyX0NEBbIX KNETOK MO3BOSMT CO3[aTh HOBble MHOroobellaroLme crpaterun 6opbbel ¢ 3HO. [na bonee TOUHOM OLEHKM
3TUX NO3ULMN HeObX0AMMBI JanbHENLINE KNUHUYECKME UCCNIEA0BaHMA.

KnioyeBble cioBa: 3/10Ka4eCTBEHHbIE HOBOOﬁpa3OBaHMH; rmneproMouncTemMHeMus; I'IOJWIMOpd)I/IBM reHoB d)OJ'IaTHOFO
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REVIEW

INTRODUCTION

Malignant neoplasms (MNs) are currently widespread
in the population. They are characterized by the appearance
of uncontrollably dividing cells capable of invading adjacent
tissues and metastasizing to distant organs. The study of the
etiology of various tumor diseases is an important aspect
in medical science and, in particular, in oncology. Evidence
has recently been presented that the development of tumors
is influenced by environmental factors rather than genetic
predisposition [1]. Researchers have assessed 30 major
cell mutations leading to cancer of the colon, lung, bladder,
thyroid gland and other organs. It turned out that only 10—
30% of them are caused by internal factors, such as heredity,
while 70-90% of mutations are directly related to exposure
to hazardous environmental factors.

Understanding and identifying the etiologic risk factors
that influence the development of tumors in humans, is
a necessary prerequisite for their prevention. Along with
the known causes of MNs, the relationships between the
content and metabolism of homocysteine (HC) in blood and
the development of cancer processes in humans have been
actively discussed. A particularly promising direction may
be the assessment of the cause-and-effect relationships
of the HC content with various risk factors involved in the
metabolism of HC, including polymorphism of folate cycle
genes, concentration of B vitamins, which may provide
insight into the development of new forms of complex
treatment and diagnostics of cancer.

The aim of this study explores the role of
hyperhomocysteinemia (HHC) and polymorphism od folate
cycle gene polymorphism in the development of tumor
processes and venous thromboembolic complications (VTEC).
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MATERIALS AND METHODS

The PubMed and eLibrary.ru databases were searched
for publications for the period from January 1, 2005 to
December 31, 2024, including abstracts and articles
with the results of original studies (primary sources),
meta-analyses and reviews (secondary sources), foreign
and Russian clinical guidelines (tertiary sources) by the
keywords ‘malignant neoplasms’, ‘hyperhomocysteinemia’,
‘folate cycle gene polymorphism’, ‘folic acid’, ‘venous
thromboembolic complications’. The role of HHC, folate cycle
gene polymorphism in the development of tumor processes
and venous thrombosis was analyzed and assessed.

Homocysteine Metabolism and Pathological Effects of its
Disorder

Homocysteine is a naturally occurring sulfur-containing
amino acid, produced in metabolism of methionine, one of the
eight essential amino acids in an organism [2]. Metabolism
of HC involves a number of enzymes. The main enzymes
include methylenetetrahydrofolate, reductase, methionine
synthetase, methionine synthetase reductase and a number
of others (Figure 1). In addition to enzymes, a key role in
HC metabolism is played by folic acid, and also by vitamins
B, and B,,. Under normal conditions, about 50% of HC
undergo remethylation to form methionine. The remaining
HC is catabolized through transsulfuration processes
into cysteine, which is a precursor of glutathione, the
main cell redox buffer that protects cells from oxidative
damage [1-4].

CYSTATHIONINE

thiunine synthase
Vitamin B,
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S-adenosylhomocysteine
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Methylated DNA,
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Fig. 1. Homocysteine metabolism: MTHFR — methylenetetrahydrofolate reductase.
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The reference interval of normal HC values in Western
Siberia varies from 5.0 to 11.0 ymol/l [5]. To note, the
upper limit of HC norm may vary depending on the
territory, consumption of vitamins in the population, genetic
characteristics and a number of other factors [1].

The most common causes of HHC are low activity of
folate cycle enzymes as a result of genetic polymorphism,
a certain lifestyle and diet, existence of diseases and drug
effects [6—10]. When HC metabolism is disrupted and it
accumulates in the cell, a mechanism of release of excess
of this amino acid into the bloodstream is triggered, which
protects the cell from the cytotoxic effect of HC. HHC in
the bloodstream contributes to endothelial damage and
is accompanied by the development of endothelial
dysfunction [2, 6, 11], which in turn leads to the formation
and progression of cardiovascular diseases, atherosclerosis,
VTEC (2, 12-14].

Relationship between Folate Cycle Genes and
Homocysteine Metabolism in Malignant Neoplasms

Polymorphism of the MTHFR 677 C—T gene is known to
be quite common in the general population. When studying
the polymorphism of folate cycle genes, 9-point mutations
were identified in the MTHFR gene, the most significant
being replacement of allele C with T in position 677, which,
in turn, leads to replacement of alanine with valine in the
enzyme protein molecule [9]. In individuals with the genetic
defect, the thermolabile MTHFR enzyme is synthetized. At
the same time, its activity is reduced from the average value
by approximately 35% in heterozygous carriage and by 65%
in homozygous carriage [9]. The MTHFR 677 C—T mutation is
transmitted by an autosomal recessive pattern. The adverse
effects of the T allelic variant of the MTHFR gene depend
significantly on external factors — low levels of folic acid
in food, smoking, alcohol consumption, etc.

The MTR gene codes for amino acid sequence of
methionine synthetase enzyme and catalyzes the conversion
of homocysteine to methionine. The best studied polymorphic
locus of MTR is A2756G, which leads to replacement
of aspartic acid with a glycine residue (D919G) [15]. As
a result, HC level increases and S-adenosylmethionine
level decreases. To generate the active form of MTR, the
methionine synthetase-reductase enzyme is required, which
is encoded by the MTRR gene. The polymorphic substitution
66 A—G results in the replacement of amino acids (122M),
which reduces the functional activity of the enzyme, and
vitamin B, deficiency further aggravates this effect.

Elevated levels of HC are often found in patients with
various MNs. A correlation has been established between
HHC, genetic polymorphism of folate cycle enzymes and
MNs. In patients with malignant neoplasms and with
disturbed methylation, both primary (caused by a genetic
defect in the genes of folate cycle enzymes) and secondary
(secondary to methylation disorders) HHC is observed
[16].
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It is known that surgical intervention or chemotherapy
are associated with a sharp rise of HC level in plasma,
which leads to higher incidence of thromboembolic events
[16—18]. The risk factors for venous thrombosis are surgical
interventions, chemotherapy, hormonal adjuvant therapy,
central venous catheters, prolonged immobilization,
hereditary thrombophilias and some other factors [16].
Since the most commonly used clinical chemotherapeutic
agents (alkylating agents, antimetabolites, methotrexate,
hormones and antagonists) are antifolate drugs, their use
causes a decrease in plasma folate concentrations [19].
Another study showed that elderly cancer patients are
at higher risk of developing HCC than younger ones [14].

All types of cancer at late stages demonstrated high
plasma HC levels, whereas at early cancer stage, no
significant changes in HC concentration in plasma were
observed (Table 1) [20].

A number of studies revealed high HC levels in some
malignant neoplasms [21]. In the study by D. Tastekin
et al. (2015), the average HC level in patients with lung
cancer was (15.3+7.3) pmol/l, while in the control group of
healthy individuals it was (9.8+2.6) umol/lL [22]. Y. Qiang et
al. (2018) showed that in patients with esophageal cancer,
the average HC concentration was 15.6 pmol/l, while in the
control group it was less than 11.0 pmol/l [23]. In patients
with colorectal cancer, the HC content exceeded 12.2 pmol/l,
and in the control it was less than 7.9 pmol/l [24]. In
patients with gastric cancer, the average HC level was
13.2 pymol/l, and in the control group it was 6.1 pmol/l. It
has been found that every 5 pmol/l increase in serum HC
levels increases the incidence of gastrointestinal cancer
by 7% [22, 24]. HC can disrupt the methionine cycle and
alter cytosine methylation in DNA CpG islands, leading
to the suppression of tumor suppressor genes and
activation of proto-oncogenes, which may contribute to
the development of malignant neoplasms. Inflammatory
remodeling of the gastrointestinal tract due to high HC
levels increases the production of reactive oxygen species,
which can cause several disorders, including carcinogenesis
when they accumulate excessively [25].

In patients with malignant neoplasms, polymorphism
of folate cycle genes has been studied: MTHFR 677,
MTHFR 1298, MTR 2756, MTRR 66. Carriage of MTHFR 677
CT and MTHFR 677 TT gene alleles are the most common
genetic causes of HHC [26, 27], which significantly increases
the risk of developing malignant neoplasms, in particular
gastric cancer [26, 28]. In carriers of the MTHFR 677 TT
allele, gastric cancer was encountered 1.5 times more often
than in the control group. At the same time, low folic acid
intake increased the risk of developing gastric malignant
neoplasms 2 times or more, which once again confirms the
protective effect of folic acid on the development of tumors
of various locations [22, 29, 30]. The presence of H. pylori
in patients with the MTHFR Cé77T gene polymorphism was
accompanied by a 1.8-fold increase in the risk of gastric
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Table 1. Relationship of polymorphism of some genes involved in homocysteine metabolism with malignant neoplasms [20]
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. Replacement . N
Gene Polymorphism of amino acid Type of malignant neoplasm Relative risk
Endometrial carcinoma 1.10
Esophageal squamous cell carcinoma 1.47
Breast cancer 1.00%/1.12/1.00*
677C—>T A226V
Acute lymphocytic leukemia 0.99/0.23
Prostate cancer 0.78
Methylenetetrahydrofolate- Colorectal cancer 1.78/1.001/0.76
reductase
Prostate cancer 0.58
1298A—C E44L3A Acute myeloid leukemia 0.33/1.00
Endometrial cancer 0.88
Colorectal cancer 0.17
1793G =A R1793E
Acute myeloid leukemia 1.00
Leukemia 1.00*
Colorectal cancer 2.77/1.07
Methionine synthase reductase 66A—G 122M
Gastric cancer 0.74/1.39
Breast cancer 445
Head and neck cancer 1.10
Colorectal cancer 1.03/0.65/2.04
Lung cancer 1.34
Hepatocellular carcinoma 1.01
Cervical cancer 0.27
Methionine synthase 2756A—G D919G
Glioblastoma multiforme 1.00*
Breast cancer 1.00*
Squamous cell carcinoma 1.00%
Gastric cancer 1.06/1.35
Pancreatic cancer 1,08/3,35
Gastric cancer 2.05
1958G—A A653G
Leukemia 0,80
Methylenetetrahydrofolate Gastric cancer 143
dehydrogenase
401G—A R134K Leukemia 0,89
Ovarian cancer 0,97

Note: * — documents that did not report a lack of connection were given a value of 1.00
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cancer [31]. The MTHFR A1298C gene polymorphism did not

affect the risk of developing gastric adenocarcinoma [7].
When studying esophageal squamous cell carcinoma

and polymorphism of the MTHFR 677 gene, the following

data were obtained: carriage of the pathological allele
MTHFR 677 CT or 677 TT, 2.2 times increases the risk of
esophageal squamous carcinoma [7], which considerably
rises with smoking [32], while the genotype of C allele

DOl https://doi.org/10.17816/PAVLOVJ643264



452

HAYYHBI OB30P

of the MTHFR 1298 gene practically has no effect on the
development of esophageal squamous cell cancer [32]. At
the same time, consumption of folic acid had a significant
protective effect, reducing these risks.

Individuals with MTHFR 677 CT and MTHFR 677 TT
allelic variants had a 70-80% higher risk of developing lung
cancer than individuals with the MTHFR 677 CC genotype.
Alcohol consumption, tobacco smoking, and folate deficiency
increase this risk [10]. MTHFR 677 CT/TT allelic variants
reduce enzyme activity by 60% or more [21]. Therefore, these
MTHFR gene variants correlate with the risk of developing
esophageal, gastric, and lung cancer. For carriers of the
homozygous CC genotype of the MTHFR gene and normal
MTHFR enzyme activity, high serum levels of vitamins B,
and B, were associated with a reduced risk of developing
esophageal squamous cell carcinoma [30].

The relationships and influence of methionine
synthetase and methionine synthetase reductase gene
polymorphism on the development of malignant neoplasms
were studied. Q. Shi et al. (2005) confirmed in their study
that the MTR A2756G gene polymorphism is associated
ith a 30% increase in the risk of lung cancer [33]. In
particular, the risk of developing lung cancer increased
1.3 times in the carriage of the AG allele of the MTR 2756
gene and 1.4 times in the carriage of the MTRR 66 A—G
allele [10, 34]. However, the risks decreased with increased
intake of folic acid and vitamin B,, with food [33, 35,
36]. Simultaneous carriage of the MTR 2756 A—G and
MTRR 66 A—G gene polymorphisms increased the risk of
lung cancer by 40% or more [33].

The MTRR A66G gene variant, both in the dominant
and codominant states, increased the risk of gastric cancer
1.4 times [37, 38], and esophageal cancer 1.6 times [39].
However, the influence of other pathological variants of the
MTR gene alleles was not revealed.

It has been proven that hyperhomocysteinemia
correlates with low levels of folic acid, vitamins B, and
B,, and with a higher risk of developing cancer [20, 30,
40-42]. An interesting observation is the fact that in heavy
smokers, folic acid enhances the carcinogenic effect of
smoking, promotes accelerated proliferation of cancer cells
[16, 43], increasing the risk of lung cancer 1.5 times [44].
Treatment of cancer patients with folic acid and vitamin B,
increases mortality from cancer [45].

Low levels of vitamin B, are known to lead to
pernicious anemia, which increases the risk of developing
gastric tumors 6—8 times [46], hypopharyngeal cancer [47]
and lung cancer [44] 2.0 times, and breast cancer by 30%
[28]. At the same time, an inexplicably high level of vitamin
B,, can be considered a possible marker of solid cancer.
In this case, the risk of developing cancer increases
2.0 times, and of MN with metastases 4.2 times [48].
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Hyperhomocysteinemia is a Risk Factor f
or Venous Thromboembolic Complications in Patients
with Malignant Neoplasms

Patients with cancer often have an increased risk of
developing VTEC, which is the second most common cause
of death in cancer patients [49, 50]. Patients with cancer
are at 4-7 times increased risk of VTEC compared to the
general population, and with some types of cancer, the
likelihood of developing venous thrombosis is even higher
[51-53]. VTEC can often be the first symptom indicating a
neoplastic process [51, 54]. Deep vein thrombosis (DVT) is
diagnosed in 60% of patients with cancer. In many patients,
DVT often becomes a source of pulmonary embolism (PE).
It has been proven that from the moment of diagnosis of
malignant neoplasms, up to 24.2% of patients die from
VTEC within 30 days, 66.3% of patients die within 1 year,
and 75.6% of patients die within 5 years [54, 55].

The incidence VTEC is highest in the first months after
the diagnosis and then gradually decreases [56]. It is known
that about 50.0% of thromboses associated with MNs are
observed within 6 months before the diagnosis of cancer
and 2 years after [57]. In the MEGA population study (2005),
the incidence of venous thrombosis was calculated from
the moment of detection of the main oncological disease.
After the diagnosis, in the first 3 months it was 53.5%, in
the period from the 3rd to the 12th month — 14.3%, and
after 10 years the probability of development decreased
almost completely [58].

Currently, a large number of risk factors associated
with thrombotic complications in patients with neoplastic
processes are known. These include causes directly
related to the tumor process (localization, stage of the
disease, prevalence of the process and degree of tumor
differentiation), patient characteristics (demographic
parameters, concomitant diseases, immobilization,
hereditary thrombophilia, obesity, etc.) and treatment
(use of chemotherapy drugs, hormonal adjuvant therapy,
surgery, central venous catheters, etc.) [50, 54].

In the body, with the underlying tumor growth,
multidirectional changes occur in the hemostasis system,
and a number of biochemical parameters that are markers
of thromboembolic complications, changes significantly
[59]. According to the Vienna Cancer and Thrombosis
Study (CATS; 2014), the group of VTEC biomarkers includes
increased levels of leukocytes, platelets, D-dimer, soluble
P-selectin, decreased hemoglobin levels, the presence
of cancer procoagulant and tissue factor (TF), which are
produced by activated malignant cells and become predictors
of venous thrombosis [54, 59, 60]. Significant risk factors
also include increased concentrations of proinflammatory
cytokines (tumor necrosis factor, interleukin-1), as well
as microvesicles in some tumor processes, which are
involved in the activation of hypercoagulation and
expression of tissue factor of monocytes, which contributes
to thrombus formation [61, 62].
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Several decades ago, it was established that
hereditary and acquired thrombophilia are significant
risk factors for the development of VTEC [50, 63, 64]. The
pathogenesis of thrombophilia in cancer patients includes
risk factors associated with the response to the tumor
(inflammation, acute phase reaction, dysproteinemia,
focal necrosis, hemodynamic disturbances), as well as
specific factors caused by the tumor cells themselves
and tumor-associated macrophages. In this case,
procoagulant and fibrinolytic activity of cancer cells, their
interaction with platelets, mononuclear macrophages and
endothelium, neoangiogenesis, and therapeutic measures
(chemotherapy, hormone therapy) are observed. Tumor
cells activate the coagulation or fibrinolysis system,
creating conditions for their further spread, stimulation of
angiogenesis, increased vascular permeability, which in
turn contributes to metastasis [64—66].

The combination of genetic forms of thrombophilia
and circulation of reactive oxygen species are of great
clinical importance. The following are significant: mutation
of FV Leiden 1691 and FIl 20210 prothrombin, hyper-
homocysteinemia in combination with the MTHFR Cé677T
gene polymorphism, PAI-1 G4/G5 and platelet glycoprotein
polymorphism, antithrombin Il deficiency, and disorders in
the protein C and S system [6, 63, 64]. However, at present,
there are practically no serious cohort studies showing the
frequency of occurrence and the relationship of genetic
significant forms of thrombophilia in cancer patients
with the development of thrombotic manifestations. Most
published studies are usually low in power, and their
results vary depending on the region, tumor type, stage of
the disease and treatment.

HHC is an established independent risk factor for
cardiovascular diseases. Negatively affecting blood
vessels, it leads to the development of atherosclerosis and
coronary heart disease, thrombotic complications (heart
attack, stroke, VTEC), including those in combination with
genetic polymorphism of folate cycle genes [49]. The fact
of increased HC content in patients with tumor diseases is
also indisputable today [63, 64]. In particular, HHC is often
observed in women with progressive breast cancer [49, 67],
which helps explain the high frequency of VTEC in women
with metastatic breast cancer [68]. According to other
data, the presence of the MTHFR C677T gene polymorphism
in combination with HHC can be a serious risk factor
provoking clinically expressed thrombotic complications
and especially latent thromboses, which are detected
as pathoanatomical findings 3-4 times more often. The
presence of the MTHFR gene polymorphism allows the
inclusion of folic acid and B vitamins in the therapeutic
regimen to correct homocysteine levels [68].

Since HHC is the most common condition, being an
independent risk factor for the development of venous
and arterial thrombosis in the population, the study of its
role and contribution to the development of thrombotic
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events in cancer patients seems to be very interesting.
The role of folic acid metabolism in the development
of tumor processes initiating HHC is of great scientific
interest [16, 49]. The relationship with the stage of the
process and metastasis, survival and the absence of
tumor relapses, long-term prognosis and prospects
with underlying surgical, combined and comprehensive
treatment of patients with malignant neoplasms taking
into account the content of HC in plasma in combination
with polymorphism of folate cycle genes, as well as
personalized correction of HHC with folates and B
vitamins according to the feedback principle, seems to be
a promising direction today. Therefore, new comprehensive
clinical studies are needed in this direction.

CONCLUSION

To date, the effect of homocysteine levels on the
growth and proliferation of tumor cells remains poorly
understood. However, there is a close relationship of
impaired homocysteine metabolism in malignant neoplasms
with the underlying genetic and acquired risk factors, among
other things, with the development of thrombotic events.
It is logical to assume that patients with an established
diagnosis of a malignant neoplasm should not be prescribed
drugs that increase homocysteine levels, and after radiation,
adjuvant chemotherapy or hormone therapy, surgery, it is
advisable to monitor its content in the long term.

Understanding the effect of homocysteine on the
growth and proliferation of cancer cells will allow us to
create new promising strategies to combat cancer. Plasma
homocysteine levels can be used as a potential tumor
biomarker for various types of malignant neoplasms, and
hyperhomocysteinemia can be an important prognostic
marker for the course of tumor processes and a risk
factor for the development of venous thromboembolic
complications.

The development of methods for correcting elevated
homocysteine levels in cancer patients appears to be a
promising direction. Further clinical studies are needed to
more accurately assess these positions.
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