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TRENDS AND STRUCTURAL FEATURES
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The creation of a central bank of personalized information of cancer patients, including children, allowed to obtain objective data
and establish continuous cancer surveillance in the child population in Ukraine. The aim of the study was to analyze the dynamics
of cancer incidence (1989—2019) and mortality (1999—2019) based on the 3 revision of International Classification of Child-
hood Cancer (ICCC-3). Materials and Methods: A study cohort includes 31,537 patients aged 0—19 years at the time of diagnosis
in 1989—2019, registered in Ukrainian population. Results: The major groups of malignancies in the child population are presented
by leukemia, lymphomas, central nervous system (CNS) tumors, epithelial neoplasms, bone cancer and soft tissues sarcomas. There
were observed no gender differences in cancer incidence, except germ cell tumors and trophoblastic tumors, gonadal malignancies,
as well as some other malignant epithelial neoplasms, with their proportion being twice higher in the female population. Our analysis
showed a trend towards increase in the incidence of leukemia, CN'S neoplasms, neuroblastoma, trophoblastic tumors and epithelial
malignancies; decrease in the incidence of lymphomas and bone neoplasms; stabilization in the incidence of malignancies of liver
and kidneys. The dynamic changes in cancer mortality in the studied cohort were observed, namely, the decrease of mortality from
leukemias and lymphomas in males (but not in females), along with the increase of mortality from CNS neoplasms, neuroblastoma,
soft tissues sarcomas and germ cell tumors, regardless of gender. Conclusions: The analysis and presentation of the epidemiologi-
cal data on children’s malignancies implementing ICCC-3 classification for all relevant records in the National Cancer Registry
of Ukraine allows for evaluating the major trends of cancer incidence and mortality in Ukrainian pediatric population, taking into

account tumor morphology, topography, gender and age.
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The morbidity due to malignant neoplasms (MN)
in the pediatric population remains one of the most
topical and least researched aspects in cancer
epidemiology in Ukraine. Officially reported statistics
about occurrence of MN in children and adolescents
aged 0-19 years appeared in Ukraine since 1989 and
on deaths from MN — since 1999, which determined
the periods of our studies. Organizational measures
aimed at reducing cancer morbidity and mortality
in children, improving the quality of life in this age
group are possible only if all MN cases are adequately
registered. The development and implementation
of the information technology of the National Cancer
Registry of Ukraine (NCRU), currently covering all
cancer cases diagnosed in all regions of Ukraine,
is of special importance. Personalized NCRU data-
base allows obtaining objective data and conducting
countrywide cancer surveillance both in general and
particularly in the pediatric population [1].

Cancer morbidity structure in the pediatric
population has its own peculiarities. Most pediatric
tumors have embryonic origin. This makes analysis
of MN in the pediatric population based on the no-
sology principle (using 10" revision of International
Classification of Disease (ICD-10)) uninformative.
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Instead, in 1996 International Classification of Child-
hood Cancer (ICCC) was developed, which is cur-
rently used worldwide, focusing more on the tumor
morphology rather than topography. ICCC consists
of 12 main groups of cancers, divided into 47 sub-
groups, most typical for the pediatric population.
Today, the third revision (ICCC-3) is valid [2]. Majority
of scientific studies and international comparisons
use ICCC-3 for presenting information about cancer
burden in the child population, while in Ukraine until
now ICD-10 was traditionally used to present statisti-
cal cancer information and comparisons, including
pediatric oncology and oncohematology.
Automated coding procedure of pediatric can-
cers according to the ICCC-3 was implemented
in the NCRU software in 2015, making it possible
to define ICCC-3 codes for all relevant database re-
cords. This allowed NCRU to present Ukrainian data
in international studies [3]. If necessary, analysis
of pediatric cancer morbidity, mortality and sur-
vival in Ukraine could be performed in accordance
with ICCC-3 codes in terms of region, gender, age
group, time interval and other parameters [4-6].
Due to the NCRU software modernization, the data
on cancer incidence in Ukrainian pediatric population
were included in “International Incidence of Childhood
Cancer, Volume 1lI” by the International Agency for
Research on Cancer [2]. The age range of patients
selected for the analysis was 0—19 years, determined
by the International Agency for Research on Cancer
and International Association of Cancer Registries
approach used in the project “International Incidence
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of Childhood Cancer”, motivated by the relative prox-
imity of cancer behavior in adolescents and children
as wellas the need for a coordinated strategy for these
groups of patients.

MATERIALS AND METHODS

We used the database of the NCRU containing
personalized information about all diagnosed cases
of MN in the Ukrainian population since 2002 and
state reporting data on child morbidity for the period
1989-2001 as well. The NCRU database is collected
in regional population-based cancer registries (medi-
cal statistics offices at the regional oncology institu-
tions), with annual merging into the national database
in the National Cancer Institute. The state-reported
data on childhood morbidity and mortality for 1989-
2001 were manually coded in ICCC-3 based on ICD-
10 codes.

Totally, our study covers 31,537 patients
(16,897 males and 14,640 females) aged 0-19 years
at the time of diagnosis in 1989-2019 and registered
in oncological institutions of Ukraine. Crude and
age-specific cancer morbidity and mortality rates
per 100,000 of population (°/40) Were calculated
for the appropriate age groups.

Data analysis was carried out according to the meth-
ods of descriptive statistics adopted in scientific
studies of cancer epidemiology. Quality datacheck
of the primary information in the NCRU database
is based on the principles and methods described
elsewhere [1, 2]. Datacheck was performed in cohort
of patients diagnosed during the period 2002-2019,
when the NCRU database became implemented
in all regions of Ukraine and reached 100% coverage.
Cancer morbidity and mortality were analyzed within
gender and age categories.

RESULTS

The specific proportion of children and adolescents
(0-19 years) in the Ukrainian cancer patients’ cohort
ranged from 1.1% in 1989 to 0.9% in 2019. Mortality
ranges equaled 0.7% and 0.4%, respectively [7-9].
The number of cancer patients aged 0-19 was
1,798 in 1989; 1,843 in 1999; 1,460 in 2009; and
1,124 in 2019. The number of patients aged 0—19 who
died from cancer was 704 in 1999; 443 in 2009 and
255in 2019 (the data for 1989 are not available).

Over the past 30 years, cancer incidence among chil-
drenandadolescents(0-19 years)inUkraine hasincreased
from 12.2°/4000 in 1989 to 15.3%/0000 in 2019 with minor fluc-
tuations during the study interval (Fig. 1). The MN mortal-
ity rate in the pediatric population over the past 20 years
decreased from 5.5%q00in 1999 to 3.5%/5000in 2019,
or by 36.5%, which corresponds to the global trends [10].

Table 1. Age structure of cancer incidence in children and adolescents

The age structure of childhood and adolescent
cancers in Ukraine has a stable distribution by age
groups (Table 1). The highest specific proportion
in morbidity structure is observed in the group of ado-
lescents 15-19 year old.

Special attention was paid to the analysis
of the changes in the morbidity and mortality rates
of children of different age groups (Fig. 2, 3). The high-
est MN incidence rate was registered in children aged
0-4 years (12.27-17.47°/4000) and adolescents aged
15-19 (13.40-19.09%4000), With lower incidence rate
values in other age groups. The highest MN mortality

Age group 0-19 years, per 100,000 of population
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Fig. 1. Cancer incidence in Ukraine, age group 0-19 years,
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Fig. 2. Age-specific cancer incidence in children and adoles-
cents, Ukraine (per 100,000 of population)
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Fig. 3. Age-specific cancer mortality in children and adoles-
cents, Ukraine (per 100,000 of population)

Years Percentage by age groups

<1year 1-4 years 5-9 years 10—14 years 15—19 years
1989 4 22 21 22 31
1999 4 18 17 23 38
2009 7 25 15 19 34
2019 5 23 23 20 29
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rates as well as the highest morbidity rates were reg-
istered in children aged 0-4 years (4.28-7.13%4000)
and adolescents of 15-19 years old (4.23-7.50% 4000)-

The structural peculiarities of MN morbidity
in children and adolescents are presented in Fig. 4.
We found that in the structure of male morbidity
(0-19 years old), MN of lymphatic and hematopoietic
tissues prevail (53.7% in 1989 and 44.9% in 2019), and
brain MN occupy the second place. The top mostly
widespread MN in males also include bone tumors,
epithelial MN and malignant melanomas. In females
(0—-19 years old) MN of lymphatic and hematopoi-
etic tissue rank first in the morbidity structure (49.3%
in 1989 and 40.1% in 2019), with brain MN, and bone
MN being among the top mostly widespread cancers
as well. The germ cell tumors, trophoblastic tumors,
genital MN as well as soft tissue sarcomas and
other extraosseous sarcomas should also be noted
as the structurally forming element of morbidity in fe-
males (0-19 years old). Epithelial MN and malignant
melanomas also significantly contribute to morbidity
structure.

Analysis of the MN distribution in the morbidity
structure was also provided within different age cat-
egoriesin males and females 0—19 years old (Fig. 5, 6).

In boys below one year, a significant propor-
tion of MN morbidity falls on neuroblastomas and
other peripheral nerve cell tumors, central nervous
system (CNS) neoplasms and other intracranial and
intraspinal neoplasms as well as germ cell tumors, tro-
phoblastic tumors and gonadal neoplasms — in total
38.5% in 2009 and 61.9% in 2019.

In boys aged 1-4 years, leukemias are structur-
ally significant as well as CNS neoplasms and kidney
MN. Cancer morbidity in the age group of 5-9 years
is mainly formed by leukemias and lymphomas as well
as CNS neoplasms. The structure of MN morbid-
ity in males aged 10-14 was characterized by 5.7%
increase of lymphoma and leukemia proportion.
The proportion of bone MN was also high as compared
to thatin other age groups (20.8% in 2009 and 20.2%
in 2019). In MN morbidity in male adolescents (15—
19 years) proportion of leukemia and lymphoma some-
what decreased. In addition, we registered a significant
increase of CNS MN (1.7-fold from 2009 to 2019)
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Fig. 4. MN morbidity structure by ICCC-3 codes in childhood
population aged 0-19

and germ cell tumors (1.4-fold from 2009 to 2019)
morbidity. The categories of “other epithelial MN and
malignant melanoma” also occupy a significant place
in the morbidity structure in this cohort.

Among girls below 1 year neuroblastoma (20.4%
in 2009 and 33.3% in 2019), leukemia and lymphoma
(26.5% in 2009 and 27.8% in 2019), kidney tumors,
and soft tissue sarcomas dominated in the MN mor-
bidity structure. The proportion of germ cell tumors
increased significantly from 2.0% in 2009 to 16.7%
in 2019.

In girls aged 1-4 and 5-9 years, the structure
of MN morbidity is mainly formed by leukemias, lym-
phomas and CNS neoplasms — 49.7% and 68.3%
in 2009 and 52.7% and 69.1% in 2019, respectively.
Soft tissue sarcomas and kidney tumors also sig-
nificantly contribute — above 20% in each subgroup.
MN morbidity in girls aged 10—14 years only slightly dif-
fered from the previous age group. Females of the age
group 15-19 years showed an increase of lymphoma
occurrence (by 8.4% from 2009 to 2019) and decrease
in leukemia incidence (by 5.3% from 2009 to 2019).
A category “other epithelial MN and malignant mela-
nomas”, mainly formed by thyroid cancer played
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a significant role in the structure of MN morbidity in this
age group.

Study of mortality structure showed that among
males aged 0-19 years the main mortality causes
in 1999 and 2009 were leukemia and lymphoma.
In 2019, the corresponding share decreased by 1.4-fold
as compared to 1999 (Fig. 7). From 1999 to 2019 in this
group of patients mortality from brain tumorsincreased
by 7.9%, from bone MN — by 2.5%, from soft tis-
sues MN — by 3.3%. Proportion of neuroblastoma
as a cause of death in children and adolescents almost
doubled — from 3.5% in 1999 to 8.8% in 2019.

The mortality structure in females aged 0-19 was
mainly formed by leukemia and lymphoma. In 2019, its
occurrence was similar, but the proportion of leukemia
prevailed (31.6%). Proportion of mortality due to brain
tumorsin this group of patients increased by 9.5% from
1999 to 2009, but somewhat decreased in 2019. Bone
and soft tissue MN in mortality structure in 1999 ranked
4™ place with shares of 8.4% and 6.2%, respec-
tively; in 2009 the proportion of bone MN decreased
2.2-fold, while mortality from soft tissue MN increased
by 1.4 times. In 2019, these indices slightly decreased.
A significant place in mortality structure in this cohort
is occupied by germ cell, trophoblastic and gonadal
MN — from 4.4% in 1999 to 7.9% in 2019.

The peculiarities of mortality structure from
MN within gender and age categories were also stud-
ied (Fig. 8, 9). It was found thatin 2009 the most com-
mon causes of death from MN in boys under one year
were leukemia, liver tumors, neuroblastoma, and CNS
MN — 84.7% in total. In 2019, redistribution of mortal-
ity causes in this subgroup was registered due to de-
creased proportion of leukemias with simultaneous
increase in neuroblastoma and germ cell MN. In boys
aged 1-4 years, 69.8% of deaths in 2009 were caused
by leukemias, CNS tumors, and neuroblastomas, while
in 2019 the main cause of death were CNS tumors,
leukemia, soft tissue sarcomas, liver cancer, and germ
celltumors — 80.0% in total. Mortality structure in boys
aged 5-9 and 10-14 in 2009 was mainly constituted
by leukemias, lymphomas, MN of CNS and soft tis-
sues sarcomas, In 2019 the general scape mainly did
not change. Mortality from cancer among males aged
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Fig. 7. Cancer mortality structure by ICCC-3 codes in childhood
population aged 0-19

15-19in 2009 was caused by leukemias, lymphomas,
MN of bones, soft tissues and CNS in 82.2% of cases,
and 86.7% — in 2019.

In 2009 and 2019, leukemia, neuroblastoma, and
CNS MN were the most common causes of cancer-
related death in girls under 1 year of age (72.8% vs.
50.1%, respectively). Among girls aged 1-4 years,
72.0% of deaths in 2009 were caused by leukemias
and lymphomas, CNS tumors and neuroblastomas.
In 2019, 95.4% of girls with MN died from CNS tu-
mors, leukemias, lymphomas, liver cancer, and germ
cell MN. Mortality structure in the subgroup of girls
aged 5-9 and 10-14 years in 2009 was mainly formed
by leukemias and lymphomas and CNS MN and soft
tissues sarcomas. In 2019, there was an increase
in the proportion of neuroblastoma and bones
MN in these age categories. Mortality from cancer
in female subgroup aged 15-19 in 2009 was caused
by leukemias, lymphomas, bones, soft tissue, CNS
and germ cell MN — 85.2% of cases. In 2019, 88.8%
of female adolescents of this age died from leukemias,
cancers of CNS, bone, soft tissue sarcomas, germ cell
and other epithelial MN.

DISCUSSION

Ithas been shownthattheincidence of MNin the pe-
diatric population has a constant upward trend with
a moderate decrease in the mortality rate. Childhood
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incidence of MN is characterized by peak values
in the first 5 years of life with the highest age-specific
child mortality from MN in this age group. The highest
MN morbidity rate is registered in children of the first
year of life with further insignificant decrease in mor-
bidity rates within 1 to 14 years. At the age of 15-19,
morbidity rates begin to increase. Although the ab-
solute number of new MN cases among children and
adolescents in Ukraine gradually decreased, as well
as registered mortality value, MN incidence rate
per 100,000 of Ukrainian children and adolescents
(0-19 years) over 30 years has increased by 1.25 fold.

In general, over the last 30 years, there were
no noticeable fluctuations in the age structure
of the MN morbidity in children and adolescents. Ado-
lescents of 15-19 years consistently hold the highest
proportion in age structure of morbidity — from 29.0%
to 38.4% while other age subgroups show an even
distribution — from 15% to 24%.

The MN morbidity in the pediatric population
is formed mainly by leukemias, lymphomas, CNS
tumors, epithelial MN, bone MN, and soft tissue sar-
comas. It should be noted that no significant gender
difference was found in childhood morbidity structure,
except for embryonal cell tumors, trophoblastic and
gonadal MN, as well as a group of “other epithe-
lial MN”, which is twice more frequent in the female
population.

Study of the dynamics of cancer epidemiological
indices according to ICCC-3 revealed a clear trend
towards increase in share of leukemia, CNS MN, neu-
roblastomas, trophoblastic and epithelial MN cases,
the decrease of lymphomas and bone tumors, and
stabilization of share of liver and kidney MN. In ad-
dition, significant dynamic changes in mortality from
MN in the studied cohort are observed, namely, de-
crease of mortality from leukemias and lymphomas
in males (unchanged in females), along with increase
in share of CNS MN, neuroblastoma, soft tissues sar-
comas and germ line tumors, regardless of gender.

Our study analyzes the trends of cancer dynamics
in the Ukrainian pediatric population, taking into ac-
count tumor site and morphology, gender and age.
Today, we have all the prerequisites and technical
capabilities for detailed analysis of the child cancer
morbidity, mortality and prevalence, which allows com-
parison with the international data based on ICCC-3.

In conclusion, it should be said that implementa-
tion of cancer control measures and epidemiological
studies would not be possible without appropriate
population-based cancer registry based on the in-
ternational standards and recommendations [1].
Sustainable functioning of the NCRU is a prerequisite
for the complete and comparable cancer morbidity
and mortality surveillance in a pediatric population
of Ukraine, providing a much better opportunity to re-
trieve the most objective information about oncological
care for the child population.
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3J109KICHI HOBOYTBOPEHHS B AUTSAYIN
nonynauii YKPAIHU — TPEHAOBI TA
CTPYKTYPHI OCOBJINBOCTI

A.D. Ilunxo', 3.11. Dedopenxo’, A.FO. Puxcos®
!Hauyionanvnuii incmumym paxy, Kuie
2Kuigcokuil Hayionanvhuil ynieepcumem imeni Tapaca Ilesuenka

CTBOpEHHSs1 LieHTpasnbHOro GaHky nepcoHidikoBaHoi iHdOp-
Mauii PO OHKOMOFYHUX XBOPUX, Y TOMY YUCAi I AiTen, 03BO-
NnNo oTpuMyBaTu 06’EKTUBHI OaHi Ta 34iACHIOBAaTU MOCTINHNIA
KOHTPOJ1b 32 PO3BUTKOM OHKOJIOMYHOI CUTYyaLji B ANTAYi nony-
nauji Ykpainm. Mera: lNMpoaHanidyBaTn AMHaMiKy 3axBOploBa-
HoCTi Ha pak (1989-2019 pp.) Ta cmepTHOCTI (1999-2019 pp.)
OUTAYOrO HacefieHHs YKpaiHu 3a MiXHapoAHOK Knacudi-
KaUi€lo ANTSYMX 3N0SKICHUX HOBOYTBOPEHb 3-ro nepernsgy
(International Classification of Childhood Cancer — ICCC-3).
Martepiann ta merogam: Koropta AOCNIOXEHHS CTaHOBUNA
31 537 xBopux Bikom Big, 0 4o 19 pokiB HA MOMEHT BCTaHOB-
neHHs giarHosy B 1989-2019 pp., wo nepebysanu Ha 061Ky
B OHKOJIOTiYHUX 3aknagax YkpaiHu. Pe3yabTaTu: 3axBoploBa-
HICTb Ha 3N105IKiCHI HOBOYTBOpeHHs (3H) autayoro HaceneH-
HA GOPMYETBLCS NepLL 3a BCE 3a PaxyHOK NlenkeMin, nim¢pom,
MyXJVH LLeHTpasnbHOI HepBoBoi cuctemun (LIHC), enitenianbHux
HOBOYTBOPEHb, 3N0SKICHUX MYX/IMH KICTOK Ta CapkOM M’SKMUX
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TKaHWH. He BUABNEHO BUPAXEHUX FeHAEPHUX BiOMIHHOCTEN
y CTPYKTYPi AUTAYOI 3axXBOPIOBAHOCTI, OKPIM MyX/VH i3 3a-
POLKOBUX KNITUH, TPODOOBNACTUYHUX MYXJNH Ta TOHaaHUX 3H,
a TakoX iHWKMX eniTenianbHMx 3H, NnMTOMa Bara fkKMx y CTpyk-
Typi 3H aiByaToK € yaBivi 6inbLUo, HiX Y XJI0N4KKiB. BUBYEHHS
AMHaMIKN OHKOeniaemioNnoriyHmx nokasHukie 3a ICCC-3 Bu-
SIBM10 TEHAEHL,IO 0,0 3POCTaHHA 3aXBOPIOBAHOCTI Ha NenkeMii,
HOBOYTBOpeHHs LIHC, HelipobnacTtoMn, TPodo6naCTUYHI MyX-
NMHK Ta eniTenianbHi 3H; 0O 3HWXEHHSA PiBHA 3aXBOPIOBAHOCTI
Ha niMdoMKM Ta NyxJIMHU KICTOK Ta cTabinisauilo 3axBoploBa-
HocTi Ha 3H nediHkn Ta HUpPKK. [POCNiAKOBYIOTLCS BUPaXeHi
AVHaMIiYHI 3MiHW Yy cMepTHOCTI Big 3H B AocnigxyBaHin Ko-
rOpTi — 3MEHLUEHHS KiIbKOCTi ierkeMin Ta niMpom y xnonuis
3a HE3MIHHOI BEJIMYMHM NOKa3HMKA Y OiBY4aT; 3pOCTAHHS NMUTO-
Moi Baru HoBoyTBOpeHb LIHC, HelipobnacTtomM, capkom M’ sKmX
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TKaQHWH Ta NYXJIVH i3 3ap0OAKOBUX KNiITUH HE3aNeXHOo Big cTaTi.
BucHoBku: PeTenbHuin aHanis aHux CTaB MOX/IVBUM 3aBad-
K1 BNPOBaXEHHIO iIHDOPMaLNHOT TexHoNorii HauioHansHoro
kaHuep-peecTpy (HKP) Ha Bcin TepuTopii YkpaiHn. fk MixHa-
POOHWNIA CTaHAAPT aHani3y N NpeacTaBIeHHS eNiAeMiONONYHNX
naHux npo 3H gutayoro Biky B po6oTy HKP 6yno imnnemeH-
TOBaHO HoBy Bepcito ICCC-3, wo nossonsie GopmMyBaT KOAM
ICCC-3 ons BCix 3anucis, HasBHUX B HKP, npencrasnatv gaHi
YKpaiHn oS MiXKHapOOHUX OOCNIOXEHb, a TakoX NMPOBOAUTA
aHania guTaYoi 3axXBOPIOBAHOCTI, CMEPTHOCTI Ta BMXUBAHOCTI
3a knacudikaujeto ICCC-3 B po3pisi perioHis, cTaTeBO-BiKOBMX
rpyrn, 4acoBWX iIHTEepBasiB Ta iHLLIMX NapameTpiB.

KntoyoBi cnoBa: 3n0§KiCHi HOBOYTBOPEHHS AMTSYOro Hace-
neHHs, knacudodikauis ICCC-3, enigemionoris paky, KaHuep-pe-
ecTp.



