c@) KazlOR

LITERATURE REVIEW

UDC: 618.19-006.6:036.22

DOI: 10.52532/2663-4864-2022-3-65-37-41

CURRENT VIEW ON THE EPIDEMIOLOGY
OF BREAST CANCER:
A LITERATURE REVIEW

R.K. KUMISBEKOVA', N.A. SHANAZAROV?, B.R. BIMBETOV?,
M.E. TULEUTAEV', D.S. NIGMETULLA', E.I. ZHAPPAROV'

"Multidisciplinary Medical Center, Nur-Sultan, the Republic of Kazakhstan;
“Medical Centre Hospital of the President’s Affairs Administration of the Republic of Kazakhstan, Nur-Sultan, the Republic of Kazakhstan

ABSTRACT

Relevance: Breast cancer (BC) is the leading cause of worldwide female cancer mortality. The constant development of treatment
strategies and diagnostic tools has increased the survival rate for BC. Next-generation genome sequencing (NGS) identifies the genetic
changes responsible for tumor emergence, development, and metastasis. NGS has expanded the capacities of BC diagnostics, treatment,

and early prevention in women.

The study aimed to identify breast cancer risk factors in women.

Methods: Publications were obtained from the following databases: PubMed, Google Scholar, and eLibrary. The depth of the search
was 5 to 10 years. As a result, 100 literary sources were identified, of which 26 publications formed the scientific material for this review.

Results: Breast cancer is a heterogeneous disease driven by genetic abnormalities and epigenetic alterations.

Conclusion: Gene mutations do not change. Genetic testing shall be introduced as a preventive measure to reduce BC incidence.
Lifestyle-related BC risk factors can be addressed to minimize BC risk.
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Introduction: Breast cancer (BC) is an urgent med-
ical and social problem. Risk factors that initiate malig-
nant transformation can be divided into two groups. The
first group includes elements not amenable to change.
These are independent parameters that do not change
throughout a lifetime. The second group is risk factors
whose influence on the tumor process can be altered [1].

In 2020, more than 2.2 million BC cases were reg-
istered worldwide, and approximately 685,000 wom-
en died from this disease [2]. According to Globocan, in
2020, BC became the most common cancer in women
globally (157 countries) (Figure 1) [3].

In 2020, 4307 new BC cases were registered in the
Republic of Kazakhstan (RK). BC ranked first in the fe-
male cancer incidence structure, with a share of 25.8%
(vs. 27.2% in 2019). BC also led the cancer incidence
structure in both sexes, accounting for 14.5% (vs.
15.2% in 2019). In cancer mortality structure, BC ranked
third for eleven years in a row, with a share of 7.8% in
2020 (vs. 8.1% in 2019) [4].

The study aimed to identify the studied and new
risk factors and determine the causes of BC in women.

Materials and methods: The authors searched the
PubMed database, Google Scholar, and elibrary elec-
tronic libraries. The following keywords were used to
search for information: “breast cancer,” “epidemiolo-
gy,” “risk factors,” “prevention,” and “genomic sequenc-
ing.” As a result, 100 literary sources were identified, of

"

which 26 publications met the criteria and became the
basis of the academic review.

Inclusion criteria: reviews, meta-analyses, and arti-
cles on the epidemiology of BC over the past decade.

Publications more than ten years old or not meeting
the main purpose of this review, or describing animal
studies, were excluded from the review.

Results:

BCrisk factors that cannot be altered (gender, age, ge-
netic mutations, menarche).

Currently, risk factors are split into changeable and
unchangeable ones. The female gender is attributed to
fundamental risk factors [5].

The risk of developing BC increases with age. BC is
often diagnosed at 55 to 64 years [6]. The average age
of BC diagnosis in China (50-54 years) is lower than in
the US and EU (55-59 years) [7].

The new-generation genome sequencing helps deter-
mine the gene mutation spectrum, assess the risk of dis-
eases, and develop a personalized approach to treatment
[8]. The mutations in the Breast cancer 1 (BRCA1) and Breast
cancer 2 (BRCA2), Tumor Protein p53 (TP53), Phosphatase
and tensin homolog deleted on chromosome 10 (PTEN),
Cadherin 1(CDH1), Serine/threonine kinase 11 (STK11) were
found to be associated with a high risk of BC. Moderate risk
genes involved in neoplastic transformation include Ataxia
telangiectasia mutated (ATM), Checkpoint kinase 2 (CHEK2),
and Partner and localizer of BRCA2 (PALB2) [9].
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Figure 1 - Leading malignant neoplasms by country, standardized by age, incidence rates (World) in 2020, both sexes, all ages
(except skin cancer) [3]

Women with early menarche are at an increased risk
of BC, probably due to earlier ovulation and the result-
ing longer exposure to estrogens. A case-control popu-
lation study of reproductive risk factors for various sub-
types of BC in women aged 20 to 44 did not reveal any
statistically significant relationship between the age of
menarche and any BC subtype [10].

Risk factors that can be altered (parity, benign breast
diseases, overweight, alcohol, smoking, implant installa-
tion, taking contraceptives, and diet)

The Chinese Society of Breast Surgery merges mas-
topathy, fibroadenomas, fibrocystic mastopathy, mas-
talgia, fibrocystic changes, and benign breast dysplasia
under the “breast hyperplasia” term. In their practice
guideline, Fibrocystic mastopathy is associated with a
1-5% risk of malignant degeneration, and morphologi-
cally-verified fibrocystic mastopathy with atypical duc-
tal hyperplasia is associated with a high risk of BC [11].

Late menopause and no history of labor belong to
high BC risk factors. Higher parity (pario (Lat.)— a his-
tory of labor or the number of previous labors) and lac-
tation are associated with a lower BC risk [12].

Obesity and its association with BC rely on complex
molecular mechanisms. In obese people, the adipose
tissue creates an environment for cancer invasion and
metastasis; biological agents in adipose tissue increase
inflammation, suppress antitumor immunity, and pro-
mote tumor angiogenesis, growth, and metastasis [13].

In the updated version of the World Cancer Re-
search Fund and the American Institute for Cancer
Research (WCRF/AICR) 2018 report involving 16 pro-

spective studies of BC in premenopausal and 34 in the
postmenopausal period, alcohol consumption is called
a “probable cause” and “a convincing cause” of pre-
menopausal and postmenopausal BC [14].

Increased breast density on mammography is a
high-risk factor for BC. In a study conducted in Germa-
ny, Japan, Sweden, and the US, alcohol consumption
was associated with an increased risk of high-density
breasts [14].

In 2009, the Canadian expert panel on tobacco
smoke and BC risk conducted an extensive review of
22 cohort data published before 2012 and 27 case-con-
trol reports published from 2000 to 2011. They found a
10%-higher risk of BC in persistent smoking [15].

Oral contraceptives are also associated with a risk of
BC. A population-based case-control study conducted
in 2004-2010 among 985 women with BC and 882 con-
trols revealed a 50% higher risk of BC after taking oral
contraceptives for more than 15 years (compared with
never use). However, a shorter intake of oral contracep-
tives was not associated with a risk of BC [16].

An observational case-control study conducted in
two groups from 1998 to 2018 aimed to determine
hormone replacement therapy as a risk factor for BC.
The control group included 98,611 women with a pri-
mary BC diagnosis aged 50-79. The study group in-
cluded 457,498 participants. The results showed a
higher risk of BC in both estrogen and estrogen-pro-
gestogen consumers — by 17% and 60% during 1 to
4 years of intake and by 33% and 108% after 5 to 14
years of intake [17].
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In the cohort study performed at Samsung medical
center (Seoul, South Korea), textured breast implants
for breast reconstruction were associated with BC re-
currence risk. The study involved 650 patients (687 BC
cases) with an average age of 43.5 years. Smooth im-
plants were installed in 274 cases (39.9%), and textured
implants - in 413 cases (60.1%) [18].

Several BC risk assessment tools have been devel-
oped, such as The National Cancer Institute’s BC risk
assessment tool, known as the Gale Model (https://

bcrisktool.cancer.gov/), Breast cancer surveillance con-

sortium risk calculator (https://tools.bcsc-scc. org/BC-
SyearRisk/), an IBIS Breast cancer risk assessment tool

(http://www.ems-trials.org/riskevaluator/), analysis of
breast and ovaries incidence and an algorithm for as-
sessing the carrier https://ccge.medschl.cam.ac.uk/
boadicea/). The model choice and the interpretation of
the results should be discussed with a geneticist [19].

Preventive measures to reduce the incidence of BC

Mammographic screening supports the early de-
tection of BC and mammary gland benign tumors. 95-
100% of patients who start treatment at stage | of the
disease survive over five years. Preventive bilateral
mastectomy reduces BC risk by about 90% and increas-
es survival, especially in BRCA1 mutation carriers [20].

A meta-analysis by G.U. Eleje et al. covered 10 co-
hort studies involving 8087 carriers of BRCA1 or BRCA2
mutations, including 2936 (36%) after surgery and 5151
(64%) controls. The median follow-up was 0.5 to 27.4
years. The study suggested that bilateral salpingo-oo-
phorectomy in women with BRCA1 or BRCA2 mutations
improves overall survival and reduces deaths from se-
rous fallopian tube cancer (SFTC) and BC in women
with mutations in both genes. Bilateral salpingo-oo-
phorectomy could also reduce the risk of death from
SFTC and BC in women with BRCA1 mutations. Still, it
is not clear whether the risk decreases in BRCA2 muta-
tion carriers [21].

According to the WHO recommendations, moder-
ate-intensity physical activity lasting up to 2.5 hours
per week reduces the risk of BC in healthy women by
12% (HR=0.88; 95% Cl 0.84-0.91) [22].

An expert report published by the World cancer re-
search foundation (WCRF) recommends limiting fast
food and sugar-containing products. Plant foods and
whole grain products could support cancer prevention
due to their antioxidant, anti-inflammatory, and antitu-
mor effects [23].

Saturated fats and red and processed meat increase
circulating endogenous estrogens, insulin-like growth
factors, and pro-inflammatory cytokines, thereby con-
tributing to BC development. Polyunsaturated fatty ac-
ids, vitamins C and E, and fresh fruits and vegetables re-
duce the risk of BC occurrence and recurrence [24].

BC is a disease with genetic and epigenetic com-
ponents. Genome instability leads to mutations, copy
number variations, and genetic rearrangements. Epi-
genetic mechanisms in BC include DNA methylation,
histone modifications, and microRNA expression [25].

There is scientific evidence that epigenetic mecha-
nisms are flexible genomic parameters influenced by
diet, physical activity, tobacco smoking, alcohol con-
sumption, psychological stress, night shift work, envi-
ronmental factors, and drug therapy [26]. Epigenetic
mechanisms can alter gene activity in response to life-
style and environmental factors [27].

Discussion: Mammographic screening plays a vital
role in fighting BC, which is carried out to diagnose be-
nign and malignant neoplasms of the mammary glands
at the stage when they can be cured.

Women with BC and BRCA gene mutations should
discuss surgical prevention of ovarian cancer. Bilateral
salpingo-oophorectomy is considered at 35-40 years in a
BRCA1 mutation presence and 40-45 years with a BRCA2
gene mutation. A multidisciplinary team shall establish
the need for bilateral preventive mastectomy and bilater-
al salpingo-oophorectomy, considering the age, marital
status, and reproductive potential, since bilateral salpin-
go-oophorectomy has consequences in the form of early
menopause, the risk of cardiovascular diseases develop-
ing while performing surgery before 35 years increases
myocardial infarction risk by eight times [28].

Scientific data on genetic mutations that initiate BC
development demonstrate the significance of genetic
screening as a preventive measure for women. Some
genetic mutations are expensive to diagnose. Howev-
er, preventative measures can reduce BC incidence and
mortality and, consequently, costs for treating this on-
cological pathology.

Conclusion: The analyzed literature proves the in-
fluence of gene mutations and external factors on BC.
The theory that epigenetic mechanisms are amenable
to change increases the probability of reducing mor-
bidity by changing the lifestyle. Genetic mutations are
not subject to change, but understanding the amena-
ble factors is essential. Maintaining health implies reg-
ular physical activity, a healthy diet, avoiding alcohol
and tobacco products, weight loss, annual preven-
tive examinations, and implementing projects to raise
awareness of the female population on preserving re-
productive health.
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CYT BE3I OBIPBIHBIH ITNAEMHUOJJOTIUACBIHA KA3IPI'T KO3KAPAC:
9JIEBH IOJY

P.K. Kymicoexosa', H.O. Ilanazapoé®, b.P. Buméemoe*, M.E. Tyreymaes', /I.C. Huememynna',E.H. Kannapog'

Hyp-CyntaH kanacsl akimpiritiy LLXKK «Kencanansi MeauumHansik optanbifbl» Kasakctan Pecnybnukacs!;
KasakcTaH Pecny6nukacs! MpeaupeHTi OkiMwiniriHi{ MeauuMHansIk opTanblFbiHbK aypyxaHacsl, Hyp-Cyntan, KasakcTan Pecnybnukacs!

Osexminizi: Cym be3i kamepii iciei 6yKin a1em 60oubiHuLa dliendep apacelHoazel Kamepii icik eiMiHiK 6acmul cebedi 6onbin mabdwiiadvl. Emoey
MeH OUuazHOCMUKAaHbIY YHeMi dcemindipineen cmpamezuaiapel cym 6e3i kamepii iciziniy emip cypy oeneeliin apmmuipovl. Keneci ypnak zenomuinbly
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pemminici (NGS) icikmiy naiioa 601yel, 0amysl JHcaHe MemacmasblHOA pejl AmKapamviH 2eHeMUKalblK o32epicmepoi anvikmatiovl. NGS Konoamy
auiendepoe ocel aypyobl OUACHOCIUKANAY, eMOey HCaHe AlObIH Ay WAapaiapbliH epmepex Hy3eze acblpy MyMKIHOIKmepiH Keyetummi.

3epmmeyoin makcamol: 3epmmenzen JcaHe Heana Kayin (hakmopiapwin aHblKmay, cOHOal-ax atieroepoe cym 6e3i kamepii iciciniy cebebin
anvlKmay

Aoicmepi: Makanranrap xeneci depexxopnap apuliel 3epmmendi: PubMed, Google Scholar sicone eLibrary. 130ey mepenodiei 5 sicvinoan 10
orcvLnea oetiin 6onovl. Homuowcecinoe 100 20ebu depekkos anvikmanovl, OHbIY iwinde 26 6aculiblm Wony MAKAIACIHbIY SbLILIMU MAMEPUATbIHA
Hezi3 60710bL.

Homuocenepi: Cym 6esiniy kamepni iciel — 2eHeMUKATbIK HCIHE INUSEHEMUKAbIK, KOMNOHeHmmepi bap eemepoceHoi aypy.

Kopvimuinowi: I'enemukanviy mymayusnap e3eepicmepze yulblpamaiiovl, 01apobly OUaeHOCMUKACLL cym 6e3i kamepai icieimen culpkamma-
HYUBLLAPObL A3ANTY MAKCAMbIHOA NPOOUIAKIMUKATBIK WUAPAIapobl eH2izy MeH Konoanyovl Kammuowl. Cym Oesi kamepni icieiniy Kaynin azatimy
yutin omip cypy canmolin Kayin pakmopnapuin o32epmyee 601a0bl.

Tyitinodi co30ep: cym 6e3i 00bipbl, INUOEMUOTOUSACHL, KAVIN PaAKMOoprapol, aiOblH dy.

AHHOTAIUA

COBPEMEHHBIN B3I/ HA SITUJIEMUOJOTUIO PAKA MOJIOYHOMH XKEJIE3BI:
OB30OP JIUTEPATYPbI

P.K. Kymucoexosa', H.A. llanazapoé®, b.P. Buméemos*, M.E. Tyreymaes', /I.C. Huememynna', E.H. JKannapoe'

ITKM Ha MXB «MHoronpomnbHblit MeAVLMHCKIA LeHTp» akumata r. Hyp-Cyntah, Pecnybnmka Kasaxctah,
Pl Ha MXB BonbHMUa MeaMUMHCKOTo LieHTpa Ynpasneqns aenamu Mpesuaerta PK, Hyp-Cyntan, Pecny6nuka KasaxcraH

Axmyanvrocmo: Pax monounoti dceneswt (PMIK) sieisiemces 0cHoO6HOTU npudunoti cMmepmu om paxa cpeou JceHuun 6o écem mupe. Ilocmosno
yayuualowuecs cmpameui 1edeHus U OUaSHOCIMUKU NO360UNU Yeenuuums vicusaemocms npu PMIK. Cekeenuposanue 2enoma noeoeo noxoieHus
(CHII) onpedensiem eenemuueckie usMeHeHus, ueparujie poib 8 GO3HUKHOBEHUU, pazeumuu u memacmasuposanuu onyxonu. Ipumenenue CHIT
PAcCUUpUIO 803MOACHOCIU OUASHOCTNUKY, JeueHus u pannel npogunaxmuku PMIK y ocenwyun.

Llens uccnedosanusn — sviasieHue U3yHeHHbIX U HOBLIX hAKMOPO8 PUCKA, a Makdice onpedenenue npuyun sadonesaemocmu PMIK y oicenuyun.

Memoowt: Buliu uzyueHnsi cmambi, 0OHAPYHCeHHbLE C UCNONb308aHUeM credyiowux 6az: PubMed, Google Scholar u snexmponnoii 6ubnuomexe
eLibrary. Inybuna noucka cocmasuia om 5 do 10 nem. B pesynomame Oviau onpedenenst 100 rumepamyprulx ucmouHukos, uz komopwix 26
nyonuKayull A6UIUCL OCHOBOU 05l 0030PHOU CIAMbLL.

Pesynomamur: PMJK — 2emepozennoe 3ab6onesanue ¢ eeHemudeckumu u dnueeHemuieckumu KOMnoOHeHmamu.

3axniouenue: [enemuueckue mymayuu He NOOGEP2AIOMCS USMEHEHUAM, UX OUASHOCMUKA Npeononazaem 6HeopeHue u NpuMeHeHnue
NPeseHmuUBHbIX Mep ¢ Yelvlo chudicenus 3abonesaemocmu PMIK. @axkmopul pucka, 06yciosiennvie 06pazom dcusHu, MOACHO MOOUDUYUPOBAMb U
makum 06pazom chuzumu puck nosenenus PMIK.

Kniouesvie cnosa: pax monounotl grcenesvl, SnUOEMUONOUS, PAKMOPLL PUCKA, NPOPUIAKMUKA, 2EHOMHOE CEKBEHUPOBAHUE.
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