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Abstract

The aim of the present study was to analyze the scientific documentation about the effects of selenium (Se) in cancer
prevention.

Methods. The search for relevant scientific publications was conducted in databases of evidence-based medicine
(PubMed and Cochrane Library), specialized search systems (Google Scholar, Cyberleninka, and e-library). Inclusion
criteria: studies performed in people published in English, Russian, as well as full versions of articles.

Results. In epidemiological studies conducted in 27 countries in Europe, the United States and Japan, it was found an
inverse relationship between the level of Se intake and mortality from leukemia, colorectal cancer, breast, and ovarian
cancer. Numerous studies in various countries have confirmed an increase in the incidence of prostate, thyroid, mammary,
cervical, lung, oral, digestive, rectal cancer in the presence of Se deficiency in the body. The biochemical role of
selenoproteins in the human organism is determined mainly by participation in oxidation-reduction reactions and stabilization
of cell membranes in the phase of the damage the cell genetic apparatus (initiation), and tumor transformation (promotion) of
certain types of cancers. It was found that supplementation with Se (200-300 pg/day) has preventive effects and decreases
mortality rates in persons with a deficit of this trace element.

Conclusion. In the past decades, numerous experimental and clinical studies demonstrate the importance of Se for
human health. It is of particular interest that low levels of Se in the blood are paralleled by a significant increase in the
incidence of the oncological diseases. Selenium has both antioxidant and prooxidant activity. Prooxidant toxic activity in
regard to tumor cells is manifested at increased pharmacological concentrations of Se. The results of the experimental
studies show the effect of Se on early stages of carcinogenesis, and also in cancer progression. A significant accumulation
of Se in malignant neoplasms has been observed. Further clinical studies are requested to define the roles and indications
for the therapeutic use of Se in oncology.
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>CONEM WccnepoBarenbckas rpynna no oxpaHe 340poBbs U 6e3onacHocty B KasaxcraHe, Cemen

Llenbto Haluero uccrefoBaHus SBUNCS aHanu3 Hay4yHoM nutepatypbl 0 ponu ceneHa B NPOUnakTUke OHKOMOTMYECKUX
3aboneBsaHuit.

Matepuanbi U meToabl. MoVCK COOTBETCTBYHOLMX HAy4HbIX MyBrvKaLmiA Npooauncst B 6a3ax AaHHbIX MO AoKasaTernsHOM
memvumHe (PubMed, Cochrane Library), cneuuan1anpoBaHHbIx mouckoBbix cuctemax (Google Scholar, Cyberleninka, e-library).
Kputepusimm BKITHOYEHWS! CIYKWIM UCCIEOOBaHMS, NPOBEAEHHbIE Ha NKOAsX. ONyONMKOBaHHBIE Ha aHITIMACKOM, PYCCKOM Si3blkax, a
Takke MONHOTEKCTOBbIE CTaTbU.

PesynbTatbl. B anupemvonomyeckux UCCreoBaHusiX, NpoBeneHHbiX B 27 esponeiickux crpaHax. CLUA u AnoHun 6bina
yCTaHoBMeHa obpaTHast CBSi3b MEXY YPOBHEM NOTPEDNEHNS Se 1 CMEPTHOCTHIO OT MEAKEMMM, KONOPEKTasbHbIM PakoM, pakom
MOJTOYHON Xenesbl N SMYHWKOB. MccrenoBanus MOLTBEPAMIM MOBbILLEHME 3a00MEBAaEMOCTM pakoM MpOCTaThl, LUMTOBUOHON W
MOJTOHHOM Keres, LUEikA MaTKu, Nerkix, potosoii nonocty, XKT, npsamoit kvwwku npu gedmumte Se B opraHn3me. broxummyeckas
pOfb  CENEHOMPOTENHOB ODYCIIOBNEHA Y4aCTUEM B OKUCIUTENBHO-BOCCTAHOBUTENBHBIX PEaKUMAX M CTabUnmmaaumm KIeTOUHbIX

16


https://orcid.org/0000-0002-8035-4866
https://orcid.org/0000-0002-8035-4866

Hayka u 3apaBooxpanenue, 2018, 5 (T.20) O030p auTepaTyphI # S M U

SEMEY MEDICAL UNIVERSITY

MembpaH B ¢hase MOBPEXOEHUS FEeHETUIECKOro annapara (MH1Lmauus) 1 TpaHcopMaLim (MpOMOLMs) MU onpeneneHHbIX Bupax
paka. [inutensHoe npumeHeHe Se B Bbicokux fo3ax (200-300 Mr/ aeHb) okasbiBaeT NPeBEHTUBHbIN SQEKT M CHINKAET NokasaTenu
CMEpPTHOCTM Y NuLy C €ro AedonLmUTOM.

3aknioyeHne. OKCTEpUMEHTANbHBIE U KIMHUYECKME WMCCNEoBaHUS MOKasarM BaXHOCTb Se Ans 300pOBbS YENOBEKa.
YCTaHOBMEHa 3HAYMTENBHAs CBA3b MEXY NOBbILLEHNEM 3aB0IEBaEMOCTV PakOM 1 HU3KM YPOBHEM Se B KpoBu. [MpOOKCUAaHTHbIN
ahdekT Se B OTHOLLEHWM PaKOBbIX KIIETOK MPOSIBMSETCA MPW MOBbILUEHNM (HapMaKororMYeckol KOHLEHTpaumn. Pesynbrars
AKCMEepUMEHTANbHbIX WUCCIIEOBaHMA MOKa3biBalOT AEKT Se Ha paHHNX CTamnsX KaHLEpOoreHesa, CHIbKeHVe nponmdepaLmm
OMyXONeBbIX KMETOK 1 MHAYKLMIO anonTo3a. YcTaHoBneHa akkymynsums Se B onyxonsix. KnvHuieckue uccrenosaHins NOATBEPKAAIoT
3P EKTMBHOCTb TEPANEBTUYECKOTO MPUMEHEHNS Se B OHKOMOMM.

Knrouesnble crnosa: ceneH, pak, npoghunakmuka, InuOemMuonoaus, bUOXUMUYECKUE MEXaHU3MbI.
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Cemeit Kanacbl, Kasakctan Pecny6nukachbl

3epTTeyAiH MakcaTbl OHKONOTWAMbIK aypynapablH angblH-anygafbl CeneHHiH, poni Typansl fbinbiMi 9aebueTtepsi
Tangay dongel.

Matepuanpgap meH apictep. [onengi MeguuuHa pepektep OasacbiHga (PubMed, Cochrane Library),
MamaHZaHablpbiiFaH i3gey xymhenepiHge (Google Scholar, Cyberleninka, anekTpoHgbl KiTanxaHa) TUICTi FbifbiMu
XapusinaHbiMaapab! i3gey Xyprisingi. 3epTTeyre Kocy KpuTepuinepi agamaapaa XyprisinreH 3epTreynep. AFbiLbIH, OPbIC
TingepiHae XapusnaxraH, CoHaan-axK TonblK MaTIHAI Makananap.

Hatuxenepi. 27 eyponanblk engepae Xyprisinrex anuaemuonorusnblk 3eptreynep xyprisingi. AKW nex Xanonusga
CeneH TYTbIHYbl MEH fneiikeMusigaH enim, KonopekTanbabl Katepni icik, cyT 6esi xoHe aHanblk 6e3i katepni iciri aypybl
apacblHaa kepi 6annaHbiC opHaTbINAabl. 3epTTeynepae ceneH XeTKinikciaairi kesiHae npocTata obbIpbl, KankaHLa besi xaHe
cyT 6e3gepi, *aTblp MOVbIHbI, ©KME, aybl3 KybiCbl, ackasaH-illeKk XongapblHaa KaTepni iCiKTiH eceTiHi pacTtangsl.
CeneHonpoTenHaepdiH, Grnoxumuanslk peni katepni icik aypynapbliHblH, 6enrini 6ip TyprepiHe TOTbIFY-TOTbIKCbI3aaHy
peakuusnapbiHa KaTbiCbiM, reHeTUKambIK annapaTTbiH 3aKbiM KenTipy hasacbiHaa (MHULMaLMs) XaHe TpaHchopmauus
(Mpomoums) xacywa MemOpaHachiHbIH, KannblHa KenTipinyiHe KaTtbicybiMeH GaiinaHbicTbl. XKofFapsl gosaga (200-300 mr /
Toy) ceneHai y3aK yakblT 00iibl KongaHy Katepni iCikTiH angblH-anyblHbIH, TUIMZINIfHE We XoHe OHbIH TanwbinbiFbl 6ap
afamaapaa enimai asantagbl.

KopbITbIHALI OKCNEPUMEHTTIK XOHE KIMHWKambIK 3epTTeynep CeneHHiH ajamHblH, AeHCaynbiFblHA MaHbI3ablbIFbIH
kepceTTi. Katepni icik aypybl MeH KaHpafbl CeneH AeHredi TOMeHAeyi apacbliHaarbl MaHbI3abl GainaHbIC aHbIKTangbl.
CeneHHiH, iCik xacyLanapblHa KaTblCTbl MPOOKCUAAHTTLI SCEpi CeNneHHiH (hapMakonorusnblK KOHLEHTPALMSHBIH, apTybIMEH
BannaHbICTbl.  JKCNEPUMEHTTIK  3epTTEYNEepdiH, HOTWXKenepi CeneHHiH KaHUeporeHesgiH epTe caTbinapbliHAa  icik
KacyllanapblHblH, NponudepaumacsiH - TOMEHAETIN, anonTo3dblH, MHOYKUMACbIHG ScepiH  kepceTegi. Iciktepge Se
XMHakTanybl aHbiKTanagbl. KnuHukanslk 3epTTeynep oHKonorusgarsl Se emaeymiH, TMiMainirii pactangsl.

Tytindi ce3dep: ceneH, pak, andbiH aiy, anudemuosnoausi, GUOXUMUSITILIK MexaHUu3MOep.

Bubnuorpachmyeckas ccbinka:
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cakray. 2018. 5 (T.20). b. 16-22.

Introduction E.L. Robert Stokstad (1913-1995) [65]. It was because of
It is commonly claimed that it was first discovered in  the work published in 1957 that the importance of Se as one
1957 that selenium (Se) is an essential nutrient for animals  of the essential nutrients soon became recognized among
[69, 28, 34], with the discovery being independently made by  biochemists, veterinarians, and human nutrition scientists,
Klaus Schwarz (1914-1978) and Calvin M. Foltz [50] and by  but Schwarz, Foltz, and Stokstad were not the first ones to
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discover the role of Se as a nutrient. Alvin L. Moxon (1909 -
2007) and colleagues had shown already in 1941 that Se
stimulated the growth of chicks [45, 28]. Despite the
discoveries in 1957, the animal industry did not rush to
demand its use as a feed supplement [28].

There was some delay before it was realized that severe
Se deficiency among animals was widespread in some parts
of the world, including New Zealand, parts of the United
States, Norway, Sweden, and Finland, and that this affected
various species, including chicks, sheep, and pigs [69, 34,
43], with impairment of the immune system leading to lethal
coccidiosis in chicks is one of the problems [28, 29], and
also lethal heart disease in various species [69, 34].
Veterinarians also realized that there is a close interaction
between Se and vitamin E, with severe deficiency of vitamin
E and Se often leading to the same symptoms. Although
there were also some diseases more specifically associated
with deficiency of only one of these nutrients, and the
requirement of vitamin E is enhanced if the Se intake was
low and vice versa [69, 34]. It was, moreover, also soon
discovered by veterinarians that there is an interaction
between these nutrients and polyunsaturated fatty acids
(PUFAs), with a high intake of polyunsaturated fatty acids
enhancing the nutritional requirement for vitamin E [40, 74].
Also, it was very early realized by veterinarians that the
three-way interaction between Se and vitamin E was caused
by the proneness of PUFAs to peroxidation, with PUFA
peroxidation also leading to the enhanced destruction of
vitamin E, while vitamin E and Se both were antioxidant
nutrients that protected against peroxidation processes in
vivo. The explanation why Se functioned as an antioxidant
nutrient became apparent with the discovery by Rotruck and
collaborators in 1973 that glutathione peroxidase (GPX) is a
Se-dependent enzyme [47]. Since then, several different Se-
dependent antioxidative enzymes have been discovered [26,
17,42, 37, 70, 6, 63, 30, 33, 36, 66, 75, 79].

One of the human nutrition scientists who very early
became interested in the possible role of Se in human
nutrition was Douglas Van Anden Frost (1910-1989) [21, 22,
43]. While an early animal experiment had led to the belief
that Se was carcinogenic, Frost was convinced that it was,
on the contrary, an anticarcinogen. He collaborated with the
young biochemist Raymond Shamberger, who demonstrated
protective effects of Se in animal experiments [55] and also
together with Frost and with other collaborators later carried
out geographic epidemiological studies, showing that there
was an inverse correlation between total deaths from cancer
and the average Se intake, comparing different states in the
United States [56, 57, 58]. Shamberger found, moreover,
that there is an enhancement of peroxidation in
carcinogenesis [60] and that the secondary lipid peroxidation
product malondialdehyde is mutagenic [59]. Shamberger
and coworkers found, moreover, that there was also a
similar geographic association as had been seen for cancer
between cardiovascular death rates and Se intake when
comparing different states in the United States [61]. This
was confirmed in a subsequent investigation, using Se
concentrations in human blood from pooled blood bank
samples in different states instead of an estimate of the
dietary intake of Se in the different states.

The aim of the present study was to evaluate the scientific
documentation about the role of Se in cancer prevention.
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Materials and methods

The search for relevant scientific publications was
conducted in databases of evidence-based medicine
(PubMed and Cochrane Library), specialized search
systems (Google Scholar, Cyberleninka, and e-library).

Inclusion criteria: studies performed in people published
in English, Russian, as well as full versions of articles.
Preference was given to studies of high methodological
quality (systematic reviews and surveys of studies of various
designs), in the absence of which the publications of the
results of cross-sectional studies were taken into account.

Studies were obtained by searching for the following
keywords (date of search: September 29, 2018): selenium
and biochemical mechanisms, selenium, and oncology
treatment, selenium, and oncology prevention. In total, 753
literary sources were found, 79 of which were selected for
analysis.

Results and discussion.

Epidemiological studies of Se effects in cancer
prevention.

Protective role of Se in the chemically induced tumor
cells was established in 1949 [10]. After 20 years, the first
report appeared on the relationship between Se content in
plants and mortality from some malignant tumors [56]. It was
revealed that mortality from cancer in people living in areas
of the United States with a high concentration of Se in feed
crops is significantly lower than in areas with a low content
of this microelement [59, 8]. In epidemiological studies
conducted in 27 countries in Europe, the United States and
Japan, it was found an inverse relationship between the
level of Se intake and mortality from leukemia, colorectal
cancer, breast cancer, and ovaries [53]. Similar results were
obtained in China, where the content of Se in the soils of
different regions varies from inadequate to toxic [78].

Soon it was established that the level of Se determined
in the patients for the previous five years before the
diagnosis of malignant tumors of the gastrointestinal tract,
lung, prostate, lymphomas, was significantly lower than that
in the healthy people [73]. Numerous studies in various
countries have confirmed an increase in the incidence of
prostate, thyroid, mammary, cervical, lung, oral, digestive,
rectal cancer in the presence of low Se status [49, 43, 11,
25, 48, 31, 77]. Selenium supplementation reduced the
incidence of tumors by more than 35% [12]. Clinical trials in
the US have shown that in the elderly, Se intake reduced the
risk of oncological diseases by 65% [53]. Epidemiological
study NPC (Nutritional Prevention of Cancer) was conducted
in 1983-1993 in the US regions with a low Se level in the
soil. In the study, 1,312 people with skin cancer received
200 pg of Se (in the form of yeast) or a placebo daily.
Results of the study demonstrated no decrease in the
incidence of skin cancer but the reduction in lung cancer risk
by 48%, colorectal cancer by 58%, prostate cancer by 63%,
and decrease the incidence of cancer generally by 37% and
cancer deaths by 50% [9]. In the group of people who
continued to take Se for 7.4 years, new cases of prostate
cancer were reduced by 52% (PCa), colorectal cancer by
54%, and lung cancer by 26% compared to placebo group
[13]. If concentration of Se in the blood plasma did not
exceed 105.2 ugll, the total risk of cancer was reduced by
49%, at a concentration of Se in the range from 105.2 to
121.6 ug/l, this risk was reduced by 30%, and with a Se
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content of more than 121.6 g/l it was reduced only by 20%
[9]. These data were the basis for conducting a SELECT
study involving 35,533 people. The nutritional supplements
contained 200 pg/day of Se in the form of L-
selenomethionine and vitamin E (400 IU/day of alpha-
tocopherol). After 5.5 years, persons received Se alone or in
combination with vitamin E, showed no differences in the
incidence of lung cancer, prostate cancer, colorectal cancer,
or the incidence of other diseases compared to those who
received placebo. After analysis, the absence of a positive
effect was associated with the use of various forms of Se:
Se yeast enriched in the study of NPC and L-
selenomethionine in the SELECT study [27, 44, 46].
Furthermore, baseline plasma Se values in subjects enrolled
in the SELECT study (mean value 135 pg/l) were higher
than in those in the NPC trial. At the same time, the increase
in the availability Se for the population of Finland as a result
of the State Program for the correction of microelements
deficiency was accompanied by a significant decrease in
cancer mortality [2]. In subsequent years, the results of
seven epidemiological studies were published, including
about 2000 people with low, medium and high content Se in
populations. In populations with low levels of Se in the
plasma, it was found a high incidence of cancer not only the
prostate gland, but also in other localizations: tongue,
esophagus, stomach, colon, liver, lung, mammary gland,
pancreas, uterus, kidneys, bladder, skin, and blood system.
The protective role of high intake of Se in the prevention of
prostate cancer has been confirmed in six controlled,
double-blind, randomized trials [72, 46, 7, 76, 68, 35].

These results aroused the interest in the intensive study
of the mechanisms for Se inclusion in processes associated
with the prevention and suppression of tumor cell
transformation.

Biochemical mechanisms of Se in cancer prevention.

Biochemical role of selenoproteins in the human
organism is determined mainly by participation in oxidation-
reduction reactions and stabilization of cell membranes in
the phase of the damage the cell genetic apparatus
(initiation), and tumor transformation (promotion) of certain
types of cancers [14]. In the case of deficiency of Se (less
than 0.02 mgl/kg/day), the synthesis of these proteins is
strongly suppressed. If there is a deficient dietary Se intake,
the activity of GPX and its concentration in the serum
decreased, this makes it possible to use the activity of this
enzyme as a marker of the Se status of the organism [3].
Decreasing the GPX level reduces the resistance of the
organism to oxidative stress [20].

Selenium is also a part of the enzyme iodothyronine-5-
deiodinase involved in the conversion of thyroxine (T4) to
triiodothyronine (T3). It indicates a link between Se and
metabolism of thyroid hormones and iodine. More recently,
isoforms of Se-dependent thioredoxin reductase (TrxR 1-3)
were isolated and identified [67]. Its main biological function
is catalysis of oxidation/reduction of SH-groups in the
specific protein thioredoxin, which is responsible for the
maintenance of the oxidation-reduction homeostasis. The
increase in TrxR content in tissues and serum is caused by
activated metabolites of oxygen and can be used as an
indicator of the oxidative stress in the tissues. TrxR1 is
involved in the regulation of "redox-sensitive" transcription
factors, such as tumor suppressor p53, induced by hypoxia
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factor (HIF) and the transcription factor of AP-1 (activating-
protein-1), which both are responsible for changing the
oxidation-reduction balance. This balance determines the
participation of the TrxR-enzyme in the proposed anti-tumor
action of Se [23]. The protective effect of Se in the
prevention of carcinogenic and toxic effects of heavy metals
and arsenic was found [1].

More than 50% of oncological patients have an impaired
or changed protein p53 function. If DNA is damaged p53
either stimulates DNA repair or activates apoptosis in the
case of irreversible disorders. The Trx enzyme system
promotes the induction of p53 and DNA repair [16]. The
action of Se-containing enzymes is associated with
multifarious possibilities of anticancer effects such as
oxidative stress, detoxification, and metabolism of
carcinogens, induction of apoptosis and cell proliferation,
methylation and reduction of DNA, control of cell
segmentation and inflammation, production of hormones,
and immune function [18, 15]. Selenium has antimutagenic
action, suppresses the expression of oncogenes, inhibits the
activity of protein kinase C, inhibits angiogenesis, and
increases the activity of antineoplastic clones of natural
killers by stimulating Interleukin-1 and interleukin-2
production [54, 24].

A specific feature of the metabolism of Se in the
organism of the oncological patient is its accumulation in the
tumor and reduction of its concentration in the blood [41]. In
viable tumor tissue, Se concentration is 5-10 times greater
than in necrotic one [5]. Selenium has a pronounced toxic
action on tumor cells [51]. The toxicity of some Se
compounds, such as selenocysteine and
isoselenocyanates, may contribute to antitumor actions.
Synthesis of new Se redox active compounds that may be
added to existing drugs is also an area of research. Of
particular interest is a modification of existing molecules
with redox-active Se [39].

The use of selenium in oncology.

In recent years, clinical data confirming the importance
and effectiveness of the therapeutic application of Se in
oncology have appeared. Se therapy should be performed in
the oncological patients due to a deficit of this microelement
[62]. Chemotherapy, as well as radiation therapy, may
exacerbate a pre-existing Se deficiency, which increases the
severity of toxic side effects. Adequate Se status optimizes
the functions of the glutathione system in the tumor cells,
increases their sensitivity to chemotherapy and radiation
therapy, and simultaneously reduces the toxicity of
therapeutic measures to normal cells [64]. It was revealed a
positive correlation between the initial level of Se, its
therapeutic dose and the results of chemotherapy of
lymphoma (life expectancy, response to chemotherapy). The
introduction of Se supplementation in cancer therapy can
give new opportunities for the treatment of this disease [4].

Adjuvant therapy by selenium nitrate at a dose of 0.2
ug/kg/day for 7-day chemotherapy showed an increase in
apoptosis in lymphoma cells and the effect of synergy
(decrease in the sizes of supraclavicular and cervical lymph
nodes and spleen, and bone marrow infiltration) [32].

To assess the effect of Se and zinc in chemotherapy of
gastrointestinal cancer the randomized clinical trial was
performed. In 70% of patients treated with Se 200 pg/day
and zinc Zn 21 mg/day for 50 days, there was no
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deterioration in the status of nutrition; weakness was
significantly decreased, and improved appetite appeared,
while in the placebo group, 80% of the patients had
significant decreases in the levels of total protein, albumin,
prealbumin, and of body weight [19]. Results of another
study demonstrates that use of Se in the yeast form (200
ug/day) for 2-3 months in the patients with ovarian cancer
led to a decrease of the chemotherapy side effects (cisplatin
100 mg/m? and cyclophosphamide 600 mg/m? every 3
weeks), such as hair loss, abdominal pain, weakness and
loss of appetite [62].

The multicenter randomized trial was performed in the
patients with cervical and uterine cancer (n = 81). Patients of
the study group received sodium selenite in the dose 500
ug/day of radiotherapy and 300 ug/day without irradiation for
five weeks. Total radiation dose was 45-50 Gy (single dose
1.8-2.0 Gy), the total dose of Se was 15.9-18 mg. The
concentration of Se in the blood increased from 62.8 to 86
ug/l. Significant results were achieved for the incidence of
complications (diarrhea, changes in blood tests, and body
weight) in comparison with a control group (20.5% vs. 44.5%
in the control group, 5-year survival rates were 92 and 83%,
respectively) [38]. In the all mentioned clinical studies, there
were not any adverse effects of Se in the used doses and
terms of application.

Conclusion.

In recent decades, numerous experimental and clinical
studies demonstrate the importance of Se for human health.
Based on the epidemiological studies it has been
established a significant correlation between the high
incidence of various cancers and low (suboptimal) levels of
Se in the blood. It has been observed that supplementation
with Se (in the dose range 200-300 ug/day) has preventive
effects and decreases mortality rates in the persons with a
deficit of this microelement.

However, the observations reviewed in the present
paper indicate a two-stage model for chemoprevention,
reflecting two roles of Se in anticarcinogenesis: First, Se
acts as an essential nutrient providing the catalytic center of
antioxidant enzymes (nutritional dose range), and secondly,
Se compounds appear to be a source of cytostatic
metabolites produced from supra-nutritional doses of some
forms of the element. The latter effect was observed already
by Wassermann and coworkers [71] and has been
reproduced experimentally in numerous animal and cellular
studies. Selenium has both antioxidant and prooxidant
properties. Prooxidant toxic activity with regard to tumor cell
growth is manifested at unphysiologically  high
(pharmacological) doses of Se (above about 200 pg/day).
The results of the several experimental studies show the
effect of pharmacological doses of Se on early stages of
carcinogenesis, as well as in the proliferation of the
malignant cells. It has been observed a significant
accumulation of Se in malignant neoplasms. In conclusion,
further clinical studies are of utmost importance to confirm
and define the effectiveness of the therapeutic use of Se in
oncology.
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