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Summary

Introduction. In childhood, malignant neoplasms are quite rare, which leads to insufficient alertness of doctors in terms
of their early diagnosis. This is especially true for general practitioners, since they rarely see such patients. It is known that
up to 75% of children are admitted to cancer centers for treatment at stages IlI-IV of the disease, while approximately 80% of
childhood cancers can be successfully diagnosed and treated using advanced therapies and supportive care. The
application of the latest technologies has led to improved treatment rates and dramatically increased cure rates for childhood
cancer in recent years, but not all children with cancer diagnoses have been able to really benefit from these advances.

The aim of this study is to analyze the literature on the organization of pediatric oncology services.

Search strategy. We conducted a literature search in the databases PubMed, Scopus, Web of Science, Embase. A
combination of key words and terms of medical subject headings (MeSH) related to the topic under study is compiled. Taking
into account the period of existence of pediatric oncology in Kazakhstan, we used literature data for the last 30 years. The
search revealed 939 publications. The current review includes 80 publications.

Results. This review includes an analysis of publications on the organization of oncological services in children with
malignant neoplasms. The achievements of recent years in the diagnosis of cancer in children, the organization of a system
of care for this category of patients, general recommendations for medical staff who diagnose, treat and care for this
category of patients are presented.

Conclusion. Malignant tumors are one of the leading causes of death in children and adolescents worldwide, and are
diagnosed annually in approximately 300,000 children from birth to 19 years of age. Neoplastic processes in childhood,
which occur in children and adolescents aged 0-19 years, are divided into different types, depending on the cellular
composition and location of the tumor. Epidemiology in pediatric oncology has its own characteristics. In contrast to the
epidemiology of oncological diseases in adults, the occurrence of a tumor is less related to geographical and other
environmental factors.
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BBepeHue. B geTckom Bo3pacTe 3moKkauecTBeHHble HOBOOOPa30BaHNS BCTPEYAOTCSH [OCTATOMHO PEAKO, YTO MPUBOAMT
K HEOOCTATO4HOW HACTOPOXXEHHOCTW Bpayelt B nnaHe WX paHHeit guarHocTuku. OcobeHHO 3TO kacaeTca Bpaden obuien
NPaKTUKW, MOCKOMbKY UM HEYacTo MPUXOQMTCA BMAETb TakWX NauMeHToB. M3BecTHO, 4To 40 75 % AeTel MocTynawT B
OHKOMornyeckue LeHTpbl ans neveHus Ha llI-IV ctagusax 3abonesanuit, Toraa kak npumepHo 80% cnydyaes paka y LeTen
MOXHO YCMeLIHO AMAarHOCTMPOBaTh U NEYUTb C MOMOLLBID NMepesoBbiX METOLOB NEYEHUs U NOAL4EePKMBAIOLLEN Tepanui.
[pMeHeHNe HOBEWLLMX TEXHONMOMWA MPWBENW K YNYYLIEHWKO MOKasaTeneil NeyYeHus, pesko YBEenuuunmu nokasatenu
N3neyeHuns OT paka y AeTen B NOCMEAHWe rofpl, OOHAKO He BCe AETW C OHKOMOrMYEeCKMMM AMarHo3amu CMOTMM NOMyYuTb
peanbHyI0 NoMb3y OT 3TUX JOCTUXEHUIA.

Llenbto faHHOro UCCneaoBaHmMs SBNSETCS aHanu3 nuTepaTypbl N0 OpraHu3aLyi AETCKOM OHKOMOrNYECKOH CryxXDbl.

Crparterusi noncka. Hamn Gbin npoBeaeH nutepaTypHbin nouck B 6a3ax gaHHbIX PubMed, Scopus, Web of Science,
Embase. YunTbiBas nepuog CyLLECTBOBAHWS [ECTKOW OHKoMormyeckoi cnyxbbl B KasaxcraHe, Mbl MCnonb3oBanu
nuTepaTpyHble gaHHble 3a nocnegHue 30 net. CoctaBneHa KOMOMHALMS KMHOYEBBLIX CMOB W TEPMUHOB MEQMLMHCKMX
npeameTHbIX pybpuk (MeSH), oTHocsawwmxcs K nayvaemoii Teme. Momck Bbisieun 939 nybnukauuin. Tekywiuit 0630p BKMOYaeT
80 ny6nukayuui.

PesynbTatbl. Hactoswuii 0630p BkntovaeT B cebs aHanu3 nybnukaumin no BONPOCaM OpraHu3aLum OHKOMOrM4eckon
cnyx0bl y AeTen, CTpagatoLLMx 3roKka4yeCTBEHHbIMM HOBOOOpa3oBaHuAMN. [peacTaBneHbl AOCTVXKEHUS NOCNEHUX NET B
LVarHoCTuKke paka y AeTed, OpraHu3aLnm CUCTEMbl MOMOLLM AaHHOW KaTeropuu nauueHToB, obLiMe pekomeHZauuu Ans
MeaNLMHCKMX COTPYAHMKOB, OCYLLECTBNSIOLLMX AMATHOCTUKY, NIEYEHME W YXOA 3a AaHHON KaTeropueil nayneHToB.

3aknioyeHue. 3roka4eCTBEHHbIE OMyXONM SBNSIOTCS OQHOM M3 BEOYLLMX MPUYMH CMEPTHOCTM AETEN W NOAPOCTKOB BO
BCEM MMpE M exerogHo pauarHocTupytotcs y npumepHo 300 000 peteit B Bo3pacte OT poxgeHus o 19 ner.
HeonnacTuyeckie npouecchbl B [ETCKOM BO3pacTe, KOTOPbIE BO3HMKAKT Yy AETeN W NOAPOCTKOB B Bodpacte 0-19 ner,
LENATCA Ha Pa3NnNYHbIE TUMbI, B 3aBUCUMOCTM OT KIIETOYHOTO COCTaBa W MECTa PacnosioKEHNs Onyxonu. SnuLeMmonoris B
LETCKON OHKOMOTMM UMeEeT CBOM 0CODEHHOCTU. B 0TnmMumMe OT anMaeMmonorim OHKOMOrMYeckux 3aboneBaHni y B3poCHbIX,
BO3HVKHOBEHWE ONYXONK, B MEHbLUE CTENEHN CBSA3AHO C reorpadmyecknMm 1 apyriumm akTopamm BHELLHEN CPeab.

Knrouesnbie crnoga: pak demckoeo 803pacma, 8bKUBAEMOCb.
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Kipicne. bananblk wakta Katepni icikrep eTe cupek kesgecefi, 6yn onapablH, €pTe AWarHOCTMKachl TYPFbICbIHAH
Aopirepnepmin, XeTKinikcia ceprekTirive akenedi. byn acipece xannbl Taxipubenik aapirepnepre KaTbiCThl, OUTKEHI onap
MyHZal HaykacTapabl cupek kepegi. benrini GonFaHgan, 6ananapgbiH, 75% -bl aypyabiH, I-IV caTbicbiHga emaey YLwiH
OHKOMOrMsAnbIK OpTanbikTapFa Xibepineai, an 6ananapgafrbl katepni iciktepaiH wamameH 80% -bl 03blK Tepanus MeH
AemeyLi KyTiMAi KonaaHy apKbinbl COTTi AuarHocTukanayfa xoHe emaeyre 6onagbl. EH COHfbl TEXHONOrMsSNapabl KonaaHy
eMaey KapKblHbIHbIH, XXaKcapyblHa XeHe COHFbl Xbinaapbl 6ananapaa OHKONOrusAnbIK aypynapasiH eMaeny KapKblHbIHbIH,
KyYPT apTybiHa akengi, Bipak oHkonorusnbIK Auardoasl 6ap 6apnbik 6ananap byn XeTICTIKTEPAEH WhIHBIMEH A€ Naiaa Kepe
anvags!.

Byn 3epTTeyain MakcaTbl — 6ananap OHKONMOrMsANbIK KbI3METIH yibIMaacTbIpy OoibiHIa agebueTTepai Tanaay.

I3pey ctpaterusicl. bi3 PubMed, Scopus, Web of Science, Embase aepekkopnapbiHga agebu isgey Xyprisgik.
KasakcTaHoa ©ananap OHKOMOTMsMbIK KbI3METiHIH, OonfFaH Kke3eHiH eckepe OTbipbin, 6i3 coHsbl 30 Xbinaarbl agebuet
[EpeKTepiH nanganaxabik. 3epTTeNeTiH TakbIpbinka KaTbiCThl MeAMUMHANbIK NaHAiK pybpukanapabib, (MeSH) kinT ceanepi
MeH TEPMUHAEPIHIH Tipkecimi xacangbl. 13gey 939 6acbinbiMabl aHbiKTagb!. ArbiMaarbl wony 80 BackinbiMabl KAMTUALI.

Hotuxenep. byn wonyna katepni iciktepi 6ap 0ananapga OHKOMOMMAMBIK KbIBMETTI yiibiMpacTsipy 6oibiHWA
XapusanaHbiMzapabl Tangay kipedi. bananapgafbl oHkonoruamnblK aypynapabl AuarHoCTUkanayaaFsl COHFbI XKblngapaarb
XETICTIKTEp, OCbl CaHaTTaFbl HayKacTapFa KeMeK KepCeTy XYWMeciH yibIMaacTbipy, OCbl CaHaTTafbl HaykacTapAbl
QMarHocTukanayabl, eMAeyAi XoHe onapFa KyTiM kacaydbl Xy3ere acblpaTblH MeAMUMHA KbI3METKepnepiHe anmbl
yCbiHbICTap Gepingi.
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KopbITbiHAbI. KaTepni iciktep ayHue xysiHoe 6ananap MeH acecnipimaepmiH enimiHiH Heriari cebentepiHin, Gipi
Bonbin Tabbinaabl XaHe Xbi cailbiH TyFaHHaH 19 xacka aeniHri wamameH 300 000 6anapa auarHos Koitbinagbl. 0-19 xac
apanbifbiHaarbl 6ananap MeH xacecnipimaepae kegeceTiH 6ananbik WakTaFbl iCik NpoLecTepi iCKTIH, xacyLwanblk Kypambl
MeH opHanacyblHa GainaHbiCTbl @pTypni Typnepre 6eniHei. bananap OHKONOrWACHIHAAFbI AMMAEMUONOMUSHbIH, O3iHAIK
epekwweniktepi 6ap. Epecektepaeri OHkonorvsnbiK aypynapablH anuaeMUONOrusacbiHaH ablpMallbinbifbl, iCIKTIH, nanaa

Bonybl reorpadusanbIK xoHe 6acka aa akonorusAnbIK haktopnapmeH a3 6ainaHbICTbI.
Tytindi ce3dep: 6anansiK wakmbiH Kamepni iciei, emip cypy deHeeli.
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Introduction

Recent studies have shown that approximately 175,000
new cases of cancer are diagnosed in children worldwide
each vyear, highlighting significant challenges in early
detection and registration [1]. The most common types of
pediatric cancers include acute leukemias (26.3%),
particularly acute lymphoblastic leukemia, central nervous
system tumors (17.6%), and lymphomas (14.6%), which
together constitute a significant portion of all childhood
cancers [2].

Malignant neoplasms are relatively rare in childhood,
leading to insufficient awareness among healthcare
professionals regarding early detection. This is especially
true for general practitioners, as they rarely encounter such
patients. It is known that up to 75% of children are admitted
to oncology centers for treatment at stages Ill-IV of the
disease, while approximately 80% of childhood cancer
cases can be successfully diagnosed and treated using
advanced treatment methods and supportive care [3, 4].
The application of state-of-the-art technologies has
improved treatment outcomes and significantly increased
the survival rates of children with cancer in recent years.
However, not all children diagnosed with cancer have been
able to benefit from these advancements. Eighty percent of
pediatric cancer cases are diagnosed in low- and middle-
income countries [5, 6], and the burden in these countries is
expected to increase by approximately 30% by 2025.
Children with cancer in these countries have much poorer
prognoses and survival rates compared to those in high-
income countries [7, 8]. Such disparities can significantly
impact future healthcare needs and result in a
disproportionate loss of human potential and labor
productivity.

Over the past decades, advancements in diagnosis,
treatment combinations, and therapy selection based on
risk groups have significantly increased the survival rates
for children who have experienced cancer. Currently, the
10-year survival rate for children who have undergone
oncological diseases exceeds 80%. There has been a
consistent decrease in long-term mortality among this

population, which  undoubtedly  demonstrates the
achievements of medical science and practice [9, 10, 11].

There are many unique aspects that need to be
considered when analyzing the situation in this population,
as they can influence treatment outcomes. These aspects
include developmental stage, psychosocial challenges,
barriers to access specialized centers, lack of guidelines for
care and pediatric-specific clinical trials, as well as
differences in cancer biology and pharmacokinetics of
chemotherapy for different types of cancer [12, 13, 14].
These issues can complicate the provision of medical care
and highlight the fact that children require additional support
compared to adults and the elderly.

Accurate analysis of age trends can not only provide an
understanding of past successes in healthcare system
polices and programs but can also help identify
epidemiological directions over time and predict the
epidemiological status of childhood cancer in different
regions or countries in terms of specific types of cancer in
children. Therefore, an accurate assessment of the
prevalence of cancer in children under the age of 5 is an
important factor for informing healthcare leaders, shaping
cancer control policies, investing and allocating resources,
and determining priorities for public health systems in the
future. Currently, there is insufficient research focused on
the global burden of cancer in children under the age of 5,
highlighting the need for relevant literature sources.

The aim of this study is to analyze the literature on the
organization of pediatric oncology services.

Search strategy.

A comprehensive search was conducted in PubMed,
Scopus, Web of Science, Embase, the Cochrane Central
Register of Controlled Trials, and the Review and
Distribution Center up to November 16, 2022. A
combination of keywords, medical subject headings
(MeSH), and terms related to the research topic published
in the past ten years was used.

Inclusion and exclusion criteria. Publications were
considered for inclusion in the review if they provided
primary data evaluating observational outcomes for cohorts
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of individuals who had experienced cancer in childhood, as
well as articles related to healthcare organization
concerning the care of this patient population. The search
was limited to studies written in English and Russian
languages. The search identified 939 publications. After
removing duplicates, 640 publications were reviewed, of
which 570 were excluded due to lack of relevance or low
study quality. The current review includes 80 publications.

Results and Discussion

Epidemiological Features of Malignant Neoplasms
in Children Worldwide and in the Republic of
Kazakhstan

In 2019, the total number of new cases of cancer in
children under the age of 5 worldwide was 8,774,979, with a
prevalence of 8,956,583.8 cases. The number of deaths
from childhood cancer was 44,451.6, corresponding to
3,918,014.8 DALYs (disability-adjusted life years). The
burden of childhood cancer has been steadily decreasing
from 1990 to 2019 (a decrease of 4.6% in new cases of
cancer and 8.3% in prevalence). This regression was
particularly notable in terms of the number of deaths (a
decrease of 47.8%) and DALY (a decrease of 47.7%). It is
noteworthy that the number of new cases and prevalence of
cancer were higher among girls, while the mortality rate and
DALYs were lower among them compared to boys [15, 16,
17, 18].

The prevalence and incidence of cancer in children vary
widely depending on the geographical and socio-
demographic characteristics of different regions. The
highest rates of childhood malignancies were found in
Southeast Asia, East Asia, and Oceania. The highest
number of deaths and DALYs was also registered in
Southeast Asia, but the overall highest rates were observed
in countries in sub-Saharan Africa. There was an increasing
trend in the number of new cases and prevalence in North
Africa, East Asia, and South Asia from 1990 to 2019, with
the most pronounced increase occurring in sub-Saharan
African countries, with a percentage change of 78.5% for
incident cases and 73.0% for prevalent cases. Other
regions showed a decreasing trend, with the most
significant decline observed in Central Europe, Eastern
Europe, and Central Asia (a decrease of 26.1% for new
cases and 26.5% for prevalent cases) [19, 20].

A decrease in the number of deaths and DALYs was
observed in Southeast Asia, East Asia, and Oceania, with
percentage reductions of 73.7% for cancer deaths and
73.5% for DALYs, as well as in Central Europe, Eastern
Europe, and Central Asia, with percentage reductions of
61.6% for cancer deaths and 61.3% for DALY's [19].

The burden of childhood cancers also varied
significantly depending on the Socio-Demographic Index
(SDI). In 2019, the highest number of incidents and
prevalence were observed in regions with a medium SDI
(incidence:  2,496,805.3; prevalence:  2,643,172.1).
However, the highest number of deaths and DALYs
occurred in regions with a low index (mortality: 18,662.4;
DALYs: 1,635,176.5). From 1990 to 2019, increasing trends
in incidence and prevalence were observed in regions with
a low SDI, with a significant increase of 80.4% in incidence
and 81.2% in prevalent cases. The other three regions
(high, high-middle, and middle) corresponding to SDI
showed a decrease in both the number of new cases of

childhood cancer and prevalence by almost two-fold [20,
21].

At the national level, in 1990, the highest number of
childhood cancer cases overall was recorded in China,
followed by Japan and the Russian Federation. Despite a
21.5% decrease in the figures from 1990 to 2019, they
remained highest in China, followed by Benin and India.
China, Japan, and the Russian Federation were among the
top three countries with the highest DALY in 1990, while in
2019, the ranking was led by China, India, and Japan [20,
21].

In the global structure of childhood oncological
diseases, the largest proportion is accounted for by
leukemia in 2019 (32-34.0%), followed by brain and central
nervous system tumors (18,244.1 cases or 14-17.0%),
Hodgkin's and non-Hodgkin's lymphomas (11-14.0%), and
testicular cancer (17,343.6 cases or 13.9%). Subsequent
rankings include nephroblastoma (6-7.0%), neuroblastoma
(4-6.0%), osteosarcoma (5-6.0%), and soft tissue tumors
(4-6.0%). A significant decrease in cases of leukemia was
noted in the dynamics (55.7%), but the number of testicular
cancer cases increased by 60.0% [21]. Lymphoma is one of
the most common neoplasms in children. In the United
States, around 2,000 new cases of lymphoma are
diagnosed in children annually [22]. Solid tumors account
for about forty percent of all childhood cancers, but it should
be noted that some types of malignant neoplasms in
children occur extremely rarely. Acute lymphoblastic
leukemia ranks first in the structure of hematological
malignancies (76-82.0%), followed by acute myeloblastic
leukemia (17-21.0%), and chronic myeloid leukemia (3-
7.0%) [20].

In China, which has the largest child population [aged 0-
19 years], accounting for 13% of all children in the world
[23], cancer is the leading cause of death among children
[23]. According to the International Agency for Research on
Cancer (IARC), in 2020, 27,170 Chinese children aged 0-14
years and 9,481 adolescents aged 15-19 years were
diagnosed with cancer, resulting in the deaths of 10,553
children and 3,574 adolescents [23, 24]. The prevalence of
cancer over a 5-year period among children aged 0-14
years and adolescents aged 15-19 years in China in 2020
was 92,388 and 27,640, respectively, accounting for 14% of
all childhood cancer cases worldwide [23]. Similar to
Western countries, the most common types of cancer
among Chinese children and adolescents are leukemia,
brain cancer, lymphoma, kidney cancer, and liver cancer
[24]. It is worth noting that in recent years, the survival rate
for childhood cancer in China has significantly improved,
especially for acute lymphoblastic leukemia [24, 25].
However, this rate still lags behind that of the United States
and developed countries in Europe [25]. For example, the
overall 5-year relative survival rate for children in China was
72% in the period from 2000 to 2010, compared to 83% in
the United States [25].

In the Republic of Kazakhstan, there are approximately
500 cases of malignant neoplasms registered annually
among the pediatric population, with variations in incidence
across different regions. Malignant blood neoplasms
account for over 40% of the overall structure (about 250
cases per year), with acute leukemias prevailing (up to 220
cases per year) [1, 2, 3]. Kazakhstan has a state statistical
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system for registering all patients with malignant neoplasms
under the direct monitoring of the Ministry of Health of the
Republic of Kazakhstan. Additionally, specialized cancer
registries have been established and operate in the
Scientific Center of Pediatrics and Pediatric Surgery, the
Kazakh Scientific Research Institute of Oncology and
Radiology, the Karaganda Regional Cancer Dispensary,
and the Center for Nuclear Medicine and Oncology in
Semey for scientific and practical purposes. However, it
should be noted that there is some fragmentation in the
work of these structures, which leads to insufficient
registration of newly diagnosed cases of childhood cancer
[3,4].

Like worldwide, Kazakhstan has been experiencing a
gradual increase in the number of newly diagnosed cases
of childhood cancer (from 7.2 per 100,000 population in
1997 to 8.7 per 100,000 in 2006). However, no such
increase has been observed in relation to hematologic
malignancies, as the incidence rate for these diseases has
remained stable within the range of 2.8-3.2 per 100,000
child population [3, 4, 5, 6]. When analyzing the regional
distribution of incidence rates, the highest rates of cancer in
children have been found in the Kyzylorda region (15.8 per
100,000), Pavlodar region (14.5 per 100,000), East
Kazakhstan region (9.8 per 100,000), West Kazakhstan
region (9.1 per 100,000), Atyrau region (8.9 per 100,000),
as well as in the capital city of Kazakhstan (10.8 per
100,000) and Almaty city (9.4 per 100,000).

The mortality rates among children aged 0-14 years
with malignant neoplasms in the Republic of Kazakhstan
have shown a tendency to decrease. In 1995, the mortality
rate was 3.8 per 100,000 child population, which decreased
to 2.7 per 100,000 by 2005, and it has continued to
decrease in subsequent years [5, 6, 7, 8]. However, due to
shortcomings in the registration system for newly diagnosed
cancer cases, the mortality rates have consistently been
higher than the incidence rates for many years. In the
country from 1997 to 2006, a total of 1,312 deaths were
recorded among children with confirmed forms of malignant
neoplasms (44.5% of all cancer cases) [8].

The data presented above indicate that progress in the
policy of state regulation and the effectiveness of cancer
prevention programs for children are not sufficiently
pronounced, highlighting the need for territorial
assessments and the development of prevention plans for
specific regions and countries, taking into account
economic development, environmental conditions, and
lifestyle factors.

The heavier burden of childhood cancer in countries
with low levels of socio-demographic development can be
explained by factors such as unmet needs for pediatric care
for cancer patients under 5 years of age due to their
immature immune system, deficiencies in healthcare
infrastructure, and a shortage of qualified medical personnel
to care for seriously ill children [26]. It should be noted that
the quality of visual diagnostics and laboratory
investigations varies between developed and less
developed countries. This can affect the accuracy of data
and the quality of cancer registries, leading to significant
heterogeneity in cancer incidence rates in countries or
regions with different levels of socio-economic development
[27]. Therefore, the development and implementation of

effective policies aimed at improving weak healthcare
systems and reducing disparities in access to healthcare
are necessary.

The higher incidence and overall number of neoplasms
in economically developed countries with an efficient
healthcare system can be attributed to the development of
screening tests and early detection of cancer [27], which, on
the other hand, may lead to overdiagnosis. Children with
oncological diseases in high-income countries benefit from
the presence of developed and accessible medical and
social infrastructure.

As the average socio-demographic index worldwide
steadily increases, less developed countries have made
faster progress in the past 20 years [28]. Significant
reductions in mortality and DALY (disability-adjusted life
years) in different countries indicate that improvements in
healthcare have primarily occurred due to overall socio-
economic progress. Improvements in education levels and
gross domestic product (GDP) per capita are potential
factors contributing to accelerated progress in global health
[28, 29]. Additionally, significant contributions have been
made to improving primary healthcare systems in low-
income countries [29]. Therefore, the increase in childhood
cancer cases in resource-limited settings may be
associated with the widespread use of new diagnostic
capabilities or improved access to diagnostic investigations,
rather than a true increase in the incidence of malignant
diseases [30, 31, 32]. Furthermore, better prognoses for
children with cancer due to advances in treatment methods
have contributed to the prevalence of childhood cancer and
the number of survivors who have undergone cancer
treatment during childhood [33, 34].

Analysis of risk factors for the development of
childhood cancer and  their  pathogenetic
characteristics.

Cancer is a multifactorial and complex disease,
involving genetic and environmental factors that interact in a
multistage sequence [35]. Differences in childhood cancer
incidence are the result of variations in the impact of
specific risk factors [36]. The rarity and heterogeneity of
pediatric cancers make it challenging to assess the risk
factors associated with their development in this group [37,
38]. This characteristic also affects the quantity and quality
of evidence regarding the etiological factors associated with
childhood cancer. Evidence of causal relationships in
pediatric cancer epidemiology accumulates very slowly [39].

The accumulation of research findings from case-
control studies and advancements in genomic technologies
has led to a better understanding of factors related to
pediatric cancer. Epidemiologists suggest that prenatal and
perinatal exposures may contribute to the pathogenesis of
cancer since the majority of childhood cancers develop
within the first few years of life [39]. Factors that have been
shown to be associated with childhood cancer include birth
weight, the impact of environmental factors on parents,
congenital defects, and overall genetic variability [39].

Given that approximately 85% of the world's population
resides in low-income countries, these countries account for
approximately 80% (240,000) of children diagnosed with
cancer each year. The high proportion of young population
in low-income countries may be associated with an
increased risk of childhood cancer [40]. This could be
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partially explained by a higher likelihood of inheriting cancer
predisposition genes among members of large families [41].
A previous large-scale epidemiological study conducted in
2018 revealed that 29% of children were at risk of
developing hereditary forms of cancer due to a history of
cancer cases in their families [42]. Additionally, less
developed countries tend to have larger household sizes,
which limits the time available for caregivers to provide care
for children. This delay in the early detection of signs and
symptoms of cancer, coupled with inadequate and low-
quality care for sick children, contributes to poor survival
rates among children with cancer [43].

De novo germline mutations (DNMs) represent an
important topic that requires attention from epidemiologists,
geneticists, and other relevant stakeholders. Advances in
next-generation sequencing technologies have allowed for
the study of trios of parents and offspring to determine the
frequency of de novo germline mutations. Many
epidemiological risk factors for childhood cancer point to
DNMs as a key mechanism in their development. De novo
germline mutations in humans refer to the development of
new genetic changes in the gamete of one parent that are
transmitted directly to the child during conception. DNMs
are typically identified through DNA sequencing of patients
and their parents (i.e., case-parent trios). In four studies
(three on retinoblastoma and one on osteosarcoma), trio
sequencing or molecular analysis was conducted to
determine whether the mutations observed in patients were
de novo, degenerative, or inherited. In two studies on RB1
germline mutations in retinoblastoma, such mutations were
found in 52% (10 out of 19 patients) and 24% (4 out of 17
patients) of cases, respectively [44, 45]. Among patients
with identified germline RB1 mutations, 80% and 19% were
de novo, respectively. In a large population-based trio study
of 240 cases of osteosarcoma in children, only germline
mutations in the p53 gene were examined. Researchers
reported that 13 cases (5%) had a p53 germline mutation,
of which six (46%) were de novo [45].

The proportion of children with hereditary germline
predisposition syndromes among newly diagnosed cancer
patients varies depending on the type of cancer, ranging
from 10% to 28% [46, 47, 48]. Recently, structural and
chromosomal congenital defects have become a significant
threat to the development of almost all types of childhood
cancer. A recent population-based study demonstrated that
all major types of childhood cancer were associated with at
least one class of congenital defects, with the majority of
malignancies in children being associated with three or
more classes of congenital defects [48, 49].

The impact of ionizing radiation due to nuclear incidents
and the use of radiation in both diagnostic and therapeutic
purposes is a well-known environmental risk factor
associated with an increased risk of cancer in children [48].
According to data obtained from a study conducted in
northern European countries in 2003 [49], leukemia was the
most frequently diagnosed type of cancer in children under
5 years of age. These findings were confirmed in 2019 [50],
and the disease is associated with genetic and
environmental risk factors.

Exposure of the fetus to low doses of ionizing radiation
during antenatal radiological examinations can increase the
absolute risk of childhood cancer. Analysis of data from the

Oxford Childhood Cancer Study, a case-control study of the
impact of diagnostic X-ray exposure on the fetus, and
cohort studies of Japanese survivors of the Hiroshima and
Nagasaki atomic bombings, showed that the excess relative
risk coefficient for childhood cancer under 5 years of age,
derived from the Oxford Childhood Cancer Study, was
about 50 Gy, resulting in an excess absolute risk coefficient
for new cases of approximately 8% Gy [51]. These
coefficients are consistent with the high relative risk of
childhood leukemia among survivors of childhood exposure
in Japan. The absence of solid tumors in childhood among
Japanese children exposed to radiation after birth, in
contrast to the significant excess observed in both in utero
radiation studies, may be explained by the fact that the cells
giving rise to these cancerous formations are primarily
sensitive to in utero radiation. This means that fetal
radiaton doses during the period of intrauterine
development of about 10 mSv noticeably increase the risk
of childhood cancer [52]. Acute exposures below a few tens
of mSv or doses received over a prolonged period during
intrauterine development or childhood demonstrate a
moderate but statistically significant excess risk of
developing leukemia, brain cancer, and solid tumors, with
indications of differences in risk depending on the type of
cancer (p = 0.07) and type of radiation (p = 0.02), with
radiography and computed tomography associated with the
highest excess risk [53].

Due to their immature immune system, children under
the age of 5 have increased susceptibility to the effects of
air pollutants. A strong association between air pollution
related to traffic and leukemia in children under 5 years of
age, particularly acute lymphoblastic leukemia, has been
reported [54]. A similar link between exposure to benzene
associated with ftraffic density near a child's place of
residence and acute myeloid leukemia was established in a
study conducted in France from 2002 to 2007, indicating the
carcinogenic effects of automotive exhaust. Diesel exhaust
exposure before conception in fathers increased the risk of
developing brain tumors (OR = 1.62) [55].

In a study conducted by Chinese scientists in 2022, a
statistically significant inverse relationship was found
between breastfeeding and the incidence of hematological
malignancies and cancer of the nervous and urogenital
systems in children. Among hematological malignancies,
the association was significant for acute lymphoblastic
leukemia and acute myeloid leukemia, but no such
association was found for acute non-lymphocytic leukemia
and Hodgkin's lymphoma. The available data showed that
breastfeeding plays a potential protective role in preventing
selective growth of childhood cancer in the mentioned
locations due to its stimulating effect on the children's
immune system. This study recommended extending
breastfeeding for as long as possible or maintaining it for at
least 6 months to prevent the development of cancer in
children [56].

The development of cancer in children can be
associated with the exposure to environmental carcinogens
(certain chemicals, pesticides/insecticides/herbicides), as
well as alcohol or tobacco smoking by parents even before
the conception of the child or during its intrauterine
development [57]. Increased risk of specific childhood
cancer occurs with exposure to paints [57, 58], household
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solvents [58], infections [58, 59], and low-frequency
electromagnetic fields [59]. Many of these risk factors are
also linked to germ line mutations. It has been established
that paternal smoking during the preconception period
represents a source of germ line mutation detected in
sperm, which is passed on to the offspring [59].

The association between childhood leukemia and
extremely low-frequency magnetic fields (ELF-MF)
generated by power lines and various electrical appliances
has been widely studied for the past 40 years. However, the
conditions under which ELF-MF serve as a risk factor for
leukemia are still unclear. Meta-analysis has shown an
association between childhood leukemia and ELF-MF (OR
= 1.26). The threshold magnetic field density associated
with childhood leukemia was above 0.4 uT for acute
lymphoblastic leukemia (OR = 1.37). Lower magnetic fields
were not associated with leukemia (OR = 1.04). The
cumulative OR for living within 50 m of power lines and
separately analyzed acute lymphoblastic leukemia was
1.44. The risk of childhood leukemia increased after
exposure to electric blankets (OR = 2.75) and, to a lesser
extent, electric clocks (OR = 1.27) [60]. Maternal
consumption of coffee (high consumption/> 2 cups per day)
and cola (high consumption) during pregnancy, paternal
smoking during maternal pregnancy, prior infertility
treatment by the mother, high birth weight (=4000 g), and
cesarean section were also associated with the
development of childhood leukemia. Maternal consumption
of folic acid and vitamins, breastfeeding (=6 months), and
attendance of daycare centers were inversely associated
with childhood acute lymphoblastic leukemia [61].

Tumors of the brain are the second most common
neoplasms in pediatric age. A meta-analysis examining the
impact of pesticides showed an association with the
development of brain tumors in children (OR = 1.32) with
prenatal exposure. The same applies to pesticide exposure at
birth (OR = 1.22) and exposure to pesticides in residential
areas (OR = 1.31). Occupational exposure of parents had only
a slight association with brain cancer (OR = 1.17) [62].

It is estimated that approximately 18% of the global
cancer burden is associated with infectious agents, with
estimates ranging from 7% in developed countries to
approximately 22% in developing countries. Chronic
infections caused by hepatitis B and C viruses, human
papillomavirus (HPV), and Helicobacter pylori (H. pylori) are
reported to be responsible for approximately 15% of all
human cancer cases, primarily in children [63]. Thus, it is
believed that the majority of childhood cancers in sub-
Saharan Africa are induced by infectious agents [64]. In a
study conducted in Zambia two decades ago, HIV showed
an association with a high risk of Kaposi sarcoma in
children [65]. These findings were confirmed in studies in
Malawi, where an increased incidence of Kaposi sarcoma
was observed over time. The seroprevalence of HIV was
93% in children with Kaposi sarcoma, 4% in children with
Burkitt lymphoma, 31% in other non-Hodgkin lymphomas,
7% in Hodgkin's disease, and 5% in other types of cancer
[65]. A similar trend was observed in Uganda regarding
Kaposi sarcoma and Burkitt lymphoma. In Tanzania, human
herpesvirus 8 (HHV8) and HIV infection were found to have
an indirect or direct impact on the development of Kaposi
sarcoma [63].

It is known that infections can contribute to
carcinogenesis through various mechanisms and are likely
to act in addition to genetic and environmental factors. It is
interesting to note that while many infectious agents that
cause cancer, such as HPV, Epstein-Barr virus (EBV), and
H. pylori, are widely prevalent worldwide, most infected
individuals do not develop cancer but rather remain lifelong
carriers. Malignant neoplasms associated with infectious
agents may arise due to prolonged latency resulting from
chronic infections. Pathogenic infections are necessary but
insufficient for cancer initiation or progression. Additional
cofactors, including secondary infections, may be required
for cancer initiation. Thus, in patients with chronic infection
caused by one agent, a secondary coinfection with another
agent, such as a coronavirus infection, may serve as an
important cofactor that can initiate and promote cancer.
Moreover, opportunistic coinfections can significantly
suppress the response to cancer treatment and increase
cancer mortality. Coinfections are relatively common in
areas with high prevalence of infectious agents, especially
in developing countries. These coinfections can disrupt the
host immune system, affecting the persistence and
susceptibility to malignant infections [66].

Toxic effects of the environment, as shown in numerous
studies, can induce mutations in the germ line, such as
aneuploidy, structural aberrations, single nucleotide
variants, and copy number variations in the sperm or
oocytes of the exposed parental generation. It has also
been established that de novo mutations (DNMs) underlie
some congenital defects [67, 68, 69], highlighting the
possibility that shared DNMs may be a common cause of
both developmental defects and cancer in children,
explaining some of the observed epidemiological
associations between these conditions.

The association between parental age and the risk of
childhood cancer has been established. According to a US
study published in 2022, an increase in the mother's age by
5 years is associated with an increased risk of central
nervous system tumors (OR = 1.07), ependymoma (OR =
1.19), astrocytoma (OR = 1.10), rhabdomyosarcoma (OR =
1.14), and germ cell tumors (OR = 1.06). An increase in the
father's age by 5 years was associated with an increased
risk of non-Hodgkin lymphoma (OR = 1.06). These findings
confirm the link between advanced maternal age and
certain types of solid tumors in children [69].

Despite the associations between de novo mutations
(DNMs) and the aforementioned risk factors for childhood
cancer, it is important to note that many environmental
exposures can lead to an increased risk of malignant
neoplasms through other pathways. For example,
benzo[a]pyrene alters DNA methylation in sperm, leading to
genomic imprinting and gamete epimutations, which can
have transgenerational effects on health and potentially
induce genetic mutations in offspring. Results from certain
epidemiological studies suggest that the role of in utero
environmental factors may involve the induction of somatic
mosaicism rather than germline mutations. For instance,
differentiated thyroid cancer (DTC) in children differs from
adult DTC in terms of clinical-pathological characteristics
and treatment outcomes. A systematic analysis with meta-
analysis showed that RET rearrangement was the most
common genetic alteration in sporadic pediatric DTC,

229



Reviews

Science & Healthcare, 2023 (Vol. 25) 3

followed by BRAF point mutation. Other common alterations
included NTRK rearrangement and DICER1 mutation. RAS
and TERT mutations were relatively rare [70, 71, 72]. It has
been noted that fusion oncogenes are the major oncogenic
drivers in sporadic pediatric DTC and underlie their unique
behavior. However, despite the relatively lower frequency of
BRAF point mutation compared to adults, it remains a key
driver in the development of pediatric DTC [72].

Currently, testing for germline mutations is being
conducted in pediatrics using oncology patients as examples
with embryonic pathogenic tumor variants [73]. Other
indications for germline testing include patient age and
specific phenotypes of rare tumors associated with a
predisposition to cancer, such as adrenocortical carcinoma, a
family history of cancer, and a confirmed diagnosis of
synchronous tumors in the patient [73, 74]. However, there is
evidence that genetic testing should be more widely
performed among patients with childhood cancer. A notable
example is the embryonic de novo mutation in the RB1 gene,
which accounts for 80% of all hereditary retinoblastomas [74].
[dentifying patients with DNM in RB1 can be achieved
through genetic counseling, providing an opportunity for
optimized therapy and additional surveillance to ensure
optimal outcomes [75, 76]. Therefore, germline DNM in
childhood cancer represents an important issue that requires
close attention from epidemiologists, geneticists, and other
relevant stakeholders. This can be valuable in shaping
personalized medicine programs and childhood cancer
surveillance programs.

The multidisciplinary approach and strategies in the
diagnosis and treatment of pediatric cancer.

Both the clinical and psychosocial needs of pediatric
patients with cancer necessitate a multidisciplinary
approach to managing the provision of medical,
psychological, and supportive care involving social and
educational workers [77].

In Japan, the National Cancer Control Act was enacted
in 2006, based on the Basic Plan for Promoting Cancer
Control, which encompasses approximately 400 hospitals
meeting national criteria regarding the number of cancer
patients, the quality of multidisciplinary staff, and the
presence of cancer support programs [77, 78]. However,
even among these specialized oncology hospitals,
variations existed in the availability of professionals with
experience in caring for pediatric patients [78]. In 2012,
within the framework of the Basic Plan for Cancer Control,
the concern for children was addressed, leading to the
establishment of specialized pediatric oncology hospitals. In
2018, efforts were initiated to address the issues related to
the care of pediatric patients and the need for a certain
degree of centralization with a focus on pediatric cancer.

In Europe, there is also a trend toward centralization of
care for pediatric cancer patients. In the United Kingdom,
there are 17 major treatment centers for children,
adolescents, and young adults recognized as specialized
expert hospitals for this population. In France, with a
population of 67 million, there are eight major centers for
children, adolescents, and young adults, along with five
programs dedicated to combating pediatric cancer [78]. On
the other hand, in Australia, local support models have
been adopted in each jurisdiction by the Australian

government, with social support provided by local
governance in each region [79].

For oncologists caring for pediatric patients today, it is
important, first and foremost, to overcome barriers between
departments treating patients of different ages, specialist
physicians, and the community in order to find ways to
improve knowledge exchange in this field. For example,
expanding knowledge and its shared utilization can assist
professionals working on complex cases in adult patients
with pediatric-type tumors or in children with adult-type
cancers. This requires significant efforts in terms of building
communication between healthcare institutions that are
divided by organization and distance. Dissemination of
educational materials for healthcare personnel, including e-
learning modules and clinical guidelines, is also crucial to
address disparities in the quality of medical care and
increase awareness of complex aspects of pediatric cancer
treatment [80].

Children with an increased predisposition to radiation-
induced cancer (genetic and/or immunodeficiency-related)
often undergo diagnostic or therapeutic radiation, thus
raising concerns regarding radiation protection [80]. If such
children can be identified, they may be offered personalized
screening, surveillance, management, and treatment to
reduce the risk of developing cancer, including alternative
diagnostic and therapeutic approaches [78].

Studies examining the quality of life in childhood cancer
survivors have shown that young adults aged 16-39 who
have survived cancer in childhood have lower health-related
quality of life (HRQOL) compared to their siblings,
particularly in the physical health components [80]. Among
female survivors, receiving multiple treatment modalities
and having bone, soft tissue, and central nervous system
cancers were associated with lower HRQOL scores [80].
They experienced more pronounced symptoms of
depression, higher frequency and severity of fatigue, poorer
social functioning, and occupational functioning [78].
Common late effects identified among childhood cancer
survivors in  China included cardiovascular diseases,
second primary cancers, neurological and cognitive
disorders, as well as growth and hormonal issues, with wide
variations depending on the treatment modality and cancer
type [78, 79].

Several studies have explored the psychosocial effects
of cancer treatment among childhood cancer survivors,
revealing that depression, anxiety, psychological distress,
low self-esteem, and behavioral problems were prevalent
psychological issues [80].

Models of care for childhood cancer survivors may
involve specialized care, shared oncology care, and/or
primary care. However, there are often specific barriers that
prevent childhood cancer survivors from receiving
specialized care and long-term follow-up (e.g., distance to
clinics). Population-based studies are needed to enable
longitudinal long-term health monitoring of individuals who
have survived cancer in childhood, as well as new initiatives
to improve data infrastructure for better understanding the
long-term consequences of pediatric cancer and optimizing
its treatment. This includes informing individuals about
preventive measures and early detection of late effects of
childhood cancer [80].
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The American Society of Clinical Oncology describes
eight models of care for children with cancer, classified
according to providers and settings: specialized oncology
care, multidisciplinary rehabilitation clinics, disease-specific

or treatment-specific  rehabilitation  clinics, general
rehabilitation  clinics, consultative clinics for cancer
survivors, integrated rehabilitation clinics, universal

community and shared care model for cancer survivors [80].

Conclusion

Malignant tumors are one of the leading causes of
death in children and adolescents worldwide, with
approximately 300,000 children aged 0-19 years being
diagnosed annually. Neoplastic processes in childhood,
occurring in children and adolescents aged 0-19 years, are
classified into various types based on the cellular
composition and location of the tumor. The epidemiology of
pediatric oncology has its own peculiarities. Unlike the
epidemiology of cancer in adults, the development of
tumors in children is less associated with geographical and
other environmental factors.
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