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Abstract: The causes of pediatric cancers often remain unknown; however, due to the development
of medicine and technology, genetic disorders may play a crucial role in the genesis of neoplasms.
Over time, the number of cancer predisposition syndromes (CPS) and awareness of them are
increasing, providing the possibility of cancer prevention and early detection. In this study, we
presented data concerning the number and type of oncological cases and their correlation with CPS
occurrence in a cohort of Central and Eastern European pediatric population. The data were
collected between 2000 and 2019 at the Karol Jonscher Clinical Hospital of Poznan University of
Medical Sciences, resulting in a cohort of 2,190 cases in total, of which 193 children (8.81%) were
confirmed to have CPS. CPS occurred most frequently in infancy (22.90% of all children suffering
from any diagnosed cancer during the first year of life, p < 0.0001), accounting for more than a
quarter of all CPS cases in our cohort. CPS were least likely to be observed in patients aged 14 and
15 years (2.17% and 2.44% of children diagnosed with any of the listed cancers at the exact age,
respectively, p < 0.05). Among CPS, the most common were neurofibromatosis type I (NF1), Li-
Fraumeni syndrome (LFS), and Down syndrome (DS). To conclude, it is important to emphasize the
need for personalized treatment for each patient affected by both CPS and subsequent cancer in
order to reduce the toxicity of therapy and improve quality of life by reducing the risk of side effect.

Keywords: cancer; children; cancer predisposition syndromes (CPSs)

1. Introduction

Cancers in children remain rare diseases, even though the researcher’s model estimated up to
400,000 newly diagnosed childhood neoplasms worldwide annually.[1] The exact cause of cancer
diagnosis very often stays unknown, what makes it difficult to prevent in pediatric patients. In the
early 70s, Knudson made a two-hit hypothesis referring to both tumor suppressor gene alleles
inactivation (by mutation or epigenetic silencing) as a causative of phenotype changes.[2—4] Thanks
to medical and technological development, the role of genetics in neoplasm pathogenesis is becoming
more and more crucial, especially regarding cancer predisposition syndromes (CPSs), whose number
and consciousness increase with time passing by. Depending on the data source, the incidence of
CPSs is between 7 and 18% in the pediatric population suffering from neoplasms in general, up to
21% of children with central nervous system (CNS) tumors.[5-13] Genetic consulting and testing
should be one of the routine actions during neoplasm diagnosis in the pediatric population, at least
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if there are prerequisites of an underlying CPS, such as young age of cancer diagnosis, phenotype
features, atypical neoplasm diagnosis, positive family history or being a cancer survivor. Although
several research groups have tested previously created questionnaires to facilitate the identification
of relevant cancer mutations, none of these questionnaires have achieved 100% sensitivity.
Unfortunately, this lack of sensitivity could contribute to missed diagnoses of CPSs.[9,14-17]

One of the most common and known CPSs is Down Syndrome (DS) — many recommendations
and therapy modifications were made according to an underlying genetic disorder which are
bringing benefits to affected children and their families in early cancer detection, reducing toxicity
during treatment, and after all, improving survival.[18,19] These seem to be available advantages of
thoroughly understanding any CPS, if only the proper effort in many medical centers will be made,
especially because some of CPSs are extremely rare, but still worth detecting and getting to know
them better.

In this study we present analyzed data concerning the number and type of oncological cases and
their correlation with CPSs occurrence among cohort in a Central and Eastern European pediatric
population. The data were collected between 2000 and 2019 in Karol Jonscher’s Clinical Hospital of
Poznan University of Medical Sciences.

2. Materials and Methods

2.1. Study Population

This study represents 2,190 unselected Caucasian children from birth up to 18th year of age,
hospitalized with newly diagnosed neoplasm in Karol Jonscher’s Clinical Hospital of Poznan
University of Medical Sciences between 2000 and 2019. Giving the diagnosis on the day of 18th
birthday or any time after the results in Poland is being taken under adult medical care in another
hospital, so we do not owe any neoplasm incidence information about 18 and more years old patients
from our center. Due to analyzing the retrospective latent cancer incidence data the signed
permission for including the patient into our cohort study neither from legal guardians nor affected
child was required. The study was approved by the Bioethics Committee of the Medical University
of Poznan (Resolution No. KB-549/24).

2.2. Clinical Evaluation

The study cohort inclusion criteria required confirmed neoplasm. The cancer diagnosis led to
the assigning of appropriate ICD-10 codes, from C00 to D48, and was the basis for enrolling the
patient in our cohort, which first counted 3,663 patients. After detecting and removing: 1) replicated
cases, 2) previously diagnosed in other regions patients, who were transferred to our hospital to
continue beforehand initiated treatment (e.g. to carry out the hematopoietic stem cell transplant) and
3) children diagnosed before January 1st, 2000, the final cohort number occurred 2,190 (1,233 males
and 957 females).

The cancer predisposition syndromes (CPSs) diagnosis was based on 1) phenotypic trait such as
observed in e.g. Down Syndrome (DS), neurofibromatosis type 1 (NF1) or isolated hemihypertrophy
(IHH), often with genetic disorder confirmation and 2) genetic testing including molecular analysis
targeting mutations within a single gene, Sanger Sequencing, Whole Exome Sequencing (WES) and
Next-generation Sequencing (NGS) utilizing the TriSight One Expanded Sequencing Panel by
[lumina, allowing thereby to analyze 6699 genes with confirmed clinical significance, from which
the oncology gene subpanel (with 125 genes included) was selected. The genetic testing was
performed in Polish centers (in Lodz, Poznan, Szczecin and Warsaw), as well as abroad: in Germany,
Italy, Norway, the United Kingdom and the USA.

2.3. Data Analysis

Categorical data were presented as numbers (n) and percentages (%). Univariate analyses were
used to compare the distribution of studied parameters x? test with or without Yates’ correction,
depending on the number of cases. Odds ratios (ORs) and 95% confidence intervals (95% CI) were
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calculated for the association between the presence of CPS-related neoplasms. According to the
results (OR and statistical significance) model, the best-fitting data was proposed. Statistical analyses
and graphs were computed using GraphPad Prism v6 software. Differences were considered
significant when p < 0.05.

3. Results

3.1. The General Characteristics of Patients

Over 20 years of retrospective follow-up 2,190 children had a new diagnosis of cancer in Karol
Jonscher’s Clinical Hospital of Poznan University of Medical Sciences, a highly specialized pediatric
hospital in the western region of Poland. Table 1 summarizes detailed characteristics (such as sex,
size of age groups at the time of diagnosis, and a total number of exact diagnoses according to ICD-
10 classification) of the children included in this study cohort. The largest group was leukemia
patients (codes C91 and C92) with a total number of 692 (31.60%), the second most common group
was patients with central nervous system (CNS) tumors (codes from C70 to C72) with a total number
of 382 (17.44%), and the third one —lymphomas patients (from code C81 to C85) with a total number
of 279 (12.74%). After adding up it gives over 61% of all newly diagnosed patients in our retrospective
analysis.

Table 1. The general characteristics of the studied patient cohort include sex, size of age groups at the
time of diagnosis, and a total number of exact diagnoses according to ICD-10 classification.

Characteristic No. (%)
Sex
Male 1,233 (56.30)
Female 957 (43.70)
Age at diagnosis of neoplasm, years old [y]
Oto<5y 899 (41.05)
5to<10y 463 (21.14)
10to<15y 458 (20.91)
15to<18y 370 (16.89)
Diagnosis
ICD-10 Mayor diagnosis
c1 Malignant neoplasm of nasopharynx 4 (0.18)
Cc22 Malignant neoplasm of liver and intrahepatic bile ducts 42 (1.92)
C30 Malignant neoplasm of the nasal cavity and middle ear 2(0.09)
C37 Malignant neoplasm of thymus 1 (0.05)
C38 Malignant neoplasm of the heart, mediastinum and pleura 7(0.32)

Malignant neoplasm of other and ill-defined sites in the
C39 . . ) 1 (0.05)
respiratory system and intrathoracic organs

C40 Malignant neoplasm of bone and articular cartilage of limbs 37 (1.69)
Malignant neoplasm of bone and articular cartilage of other and

C41 . 27 (1.23)
unspecified sites

C43 Malignant melanoma of the skin 1 (0.05)

Malignant neoplasm of peripheral nerves and autonomic
C47 177 (8.08)
nervous system

C48 Malignant neoplasm of retro-peritoneum and peritoneum 4 (0.18)
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C49 Malignant neoplasm of other connective and soft tissue 161 (7.35)
C56 Malignant neoplasm of ovary 21 (0.96)
Ce2 Malignant neoplasm of testis 23 (1.05)
Co4 Malignant neoplasm of kidney, except renal pelvis 130 (5.94)
Ce7 Malignant neoplasm of bladder 4(0.18)
C68 Malignant neoplasm of other and unspecified urinary organs 1(0.05)
C69 Malignant neoplasm of the eye and adnexa 12 (0.55)
C70 Malignant neoplasm of meninges 5(0.23)
71 Malignant neoplasm of the brain 357 (16.30)
Malignant neoplasm of the spinal cord, cranial nerves and other
C72 20 (0.91)
parts of the central nervous system
C73 Malignant neoplasm of the thyroid gland 73 (3.33)
C74 Malignant neoplasm of the adrenal gland 17 (0.78)
Malignant neoplasm of other endocrine glands and related
C75 5(0.23)
structures
C76 Malignant neoplasm of other and ill-defined sites 13 (0.59)
C79 Secondary malignant neoplasm of other and unspecified sites 3(0.14)
C80 Malignant neoplasm, without specification of the site 1 (0.05)
C81 Hodgkin lymphoma 144 (6.58)
C83 Non-follicular lymphoma 124 (5.66)
C84 Mature T/NK-cell lymphomas 1 (0.05)
C85 Other and unspecified types of non-Hodgkin lymphoma 10 (0.46)
C88 Malignant immunoproliferative diseases 9 (0.41)
91 Lymphoid leukemia 505 (23.06)
C92 Myeloid leukemia 187 (8.54)
C94 Other leukemias of specified cell type 10 (0.46)
C95 Leukemia of unspecified cell type 2 (0.09)
Other and unspecified malignant neoplasms of lymphoid,
C9% 49 (2.24)

hematopoietic and related tissue

3.2. Prevalence of Specific Cancers in General and According to Age

Table 2 presents the prevalence of common and rare neoplasms in children depending on age

defined by ICD-10 classification. Distinguished cancers are: 1) lymphoid (C91) and 2) myeloid (C92)
leukemias represented by 505 (23.06%) and 187 (8.54%) patients respectively, 3) central nervous
system tumors (C70-C72) with a summed number of 382 (17.44%) children, both 4) Hodgkin (C81)
and 5) non-follicular (C83) lymphomas represented by 268 (12.24%) cases in general and 144 (6.58%)
vs. 124 (5.66%) patients accordingly, 6) malignances located in peripheral nerves and autonomic
nervous system, i.e. neuroblastomas (C47) — 177 (8.08%) children, 7) soft tissue tumors (C49), of which
rhabdomyosarcoma (RMS) was diagnosed more often, with a total number of 161 (7.35%) patients
and 8) malignant neoplasm of the kidney (C64), with Wilms tumor as the most frequently diagnosed
cancer in this group, and a number of 130 (5.94%) children. Mentioned diagnoses were given to 1,810
patients, which stands for over 82% of all children. The rest 380 patients were suffering from not as
common neoplasms, including: endocrine glands cancers (C73-C75) with thyroid and adrenal tumors
diagnosed more often and a total number of 95 (4.33%) cases, bone and articular cartilage neoplasms
(C40-C41) with a summed number of 64 (2.92%) children, leukemias (besides previously mentioned)
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and other malignancies of lymphoid, hematopoietic and related tissue (C94-C96) represented by 61
(2.79%) patients, liver and intrahepatic bile ducts cancers (C22) with hepatoblastoma as the most
frequent representant of this group and a total number of 42 (1.92%) cases, gonads neoplasms: ovary
(C56) and testis (C62) with a summed number of 44 (2.01%) children including 21 (0.96%) females
and 23 (1.05%) males respectively. Other cancers with a prevalence below 1% of those diagnosed in
our cohort are considered as extremely rare in the pediatric population and are listed in Table 1 with
an exact number of cases.

A higher prevalence of specific cancers was observed in different age groups, which is
demonstrated in Table 2. Peripheral nerves and autonomic nervous system tumors (C47), soft tissue
tumors (C49), kidney cancers (C64), central nervous system tumors (C70-C72), and leukemias (both
C91 and C92) were diagnosed mostly during infancy and toddlerhood period. Later on in early
childhood, the frequency of neoplasms classified as C47, C49, C70-C72, and C92 started to decrese,
while those assigned as C64 and C91 increased up to their highest peak of prevalence in our cohort.
As written above, from birth untill the end of an early childhood period, the first peak of cancer
incidence in the whole children group was detected. While the frequency of neoplasms classified as
C70-C72 and C91 (lymphoid leukemia) keeps decresing in pre-school and early-school age, the first
of two peaks of non-follicular lymphomas (C83) incidence was detected; the second one was observed
in age between 13 and 15 years old. The prevalence of Hodgkin lymphoma (C81) and myeloid
leukemia (C92) started to increase noticeably in the pre-puberty and early adolescence period (up to
14 years old), leading to the incidence peak of C81 among adolescents and rather constant frequency
of diagnosing C92 up the age of 17 years. In consequence, the second peak of general incidence was
observed according to mentioned above, as well as some of the rarely detected in children diagnosis,
which are more specific to adults: bladder cancer (C67), thyroid gland tumor (C73), bone and articular
cartilage cancer (C40-C41) and testis neoplasm (C62).

To summarize, two peaks of cancer incidence in our pediatric cohort were observed: 1) in early
childhood (from birth up to 5 years old) with a total number of 1,013 children (46.3%) and 2) in the
adolescent period (between 15 and 17 years old) with a total number of 370 adolescents (16.9%).

Table 2. The prevalence of common and rare neoplasms in children, depending on age, is defined by
ICD-10 classification (described in Table 1), presented by numbers and percentages given in brackets.
The percentages of specific cancer incidence according to age are related in columns.

Total
Age C47 C49 Ce4 C70-72 C81 C83 C91 C92 Other N—Ozalg
[yl N=177 N=161 N=130 N=382 N=144 N=124 N=505 N=187 N=380 _0’
Oto< | 64 31 17 42 214
34(89) 1(07) 3(24) 13(26) 9(48)
1 (862) (193) (13.1) 11.1)  (9.8)
lto< 32 14 18 39 183
16 (9.9) 29(7.6) 0(0.0) 5(4.0) 30(59)
2 (18.1) (10.8) ©9.6) (103)  (84)
2to< 20 17 15 60 12 182
34(89) 0(0.0) 5(4.0) 19 (5.0)
3 (113) (106) (115 119) (64) (8.3)
SO 162 BED . 3009 3@l 462 . 9@s 1129
4 (6.2) 13(8.1) a7.7) (7.9) 21) 42 (109) (4.8) 11(2.9) 7.3)
O 0B 12075 . 26(68) 2014 540 . 9@8) 16(42) O
- 66 1209 (oo 2668 204 5640 0 96 166
PO oG 425 D 2165 000) 7(G6) 4263) 7G7) 1026
6 (5.6) 4(2.5) (10.0) (5.5) 0.0) 7(5.6) (8.3) 7(3.7) 10(2.6) 52)
6to< 104

o 700 6(37) 323 2360 565 1169 3161 527 1364 e
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7to< 10 94 (4.3)
o 4(23) 1(06) 5(3.8) 23(6.0) 2(1.4) 8(6.5) 29(5.7) 55 12 (3.2)
8to< 82 (3.7)
9 2(1.1) 5(3.1) 4(31) 19(5.0) 428 7(6) 26(.1) 5(27) 10(2.6)
9to< 69 (3.2)
0 2(1.1) 3(19) 2(1.5) 13(34) 5(35) 6(48) 23(46) 3(1.6) 12(3.2)
10to< 13 94 (4.3)
3(17) 4(25) 2(1.5) 17(45) 7(49) 9(7.3) 24(4.8) 15 (3.9)
11 (7.0)
11to< 16 86 (3.9)
3(L7) 6(3.7) 0(0.0) 15(3.9) 11(7.6) 5(4.0) 12(2.4) 18 (4.7)
12 (8.6)
12to< 10 90 (4.1)
2(1.1) 4@25) 1(0.8) 15(3.9) 12(83) 6(4.8) 19(3.8) 21 (5.5)
13 (5.3)
13to< 14 96 (4.4)
000.0) 9(.6) 0(0.0) 12(3.1) 11(7.6) 12(9.7) 23 (4.6) 15 (3.9)
14 (7.5)
14 to< 13 92 (4.2)
2(1.1) 5(.1) 1(0.8) 13(3.4) 10(6.9) 7(5.6) 14(2.8) 27 (7.1)
15 (7.0)
Ioto< 1(0.6) 8(5.0) 1(0.8) 19(5.0 26 1 18 (3.6 10 27 (7.1 123
16 06 8G0) 108 0 (18.1)  (10.5) (3.6) (5.3) D (5.6)
foto< 3(L7) 6(37) 6(46) 1745 21 6(48) 1122 1 %8 121
17 (17 6B7) 6016 (*5) (14.6) (48) @2) (7.0) (10.0) (5.5)
17to< 1(0.6) 11(6.8) 1(0.8) 22(58 o 5(4.0) 16 (3.2 1 35(9.2 120
18 (0.6) 11(6.8) 1(0.8) (5.8) (167) (4.0) (32) (5.9) 9.2) (5:8)
Legen 5.0- 10.0- 15.0- >
<5.0%

9.9%  14.9% 19.9% 20.0%

3.3. Cancer Predisposition Syndromes (CPSs) Incidence According to Age

During 20 years of study follow-up cancer predisposition syndromes (CPSs) were detected in
193 out of 2,190 patients (8.81%). The neoplasm and CPSs incidence data according to age are
presented in Table 3 and Figure 1.

Table 3. The incidence of neoplasm in children according to age at diagnosis and the presence of
cancer predisposition syndromes (CPSs).

Age, CPS presence Statistical analysis

year(s)/month(s) old No Yes

[y/m] N=1,997 N=193 OR 95% CI p

n (%) n (%)

Oto<ly 165 (8.3) 49 (25.4) 3.78 2.63-5.42 <0.0001
Oto<lm 33(1.7) 11 (5.7) 3.60 1.79-7.24 0.0001
1to<2m 15 (0.8) 6(3.1) 4.24 1.63-11.1 0.0048
2to<3m 14 (0.7) 3(1.6) 2.24 0.64 -7.85 0.1839
3to<4m 13 (0.7) 3(1.6) 241 0.68 - 8.53 0.1613
4to<5m 7(0.4) 1(0.5) 1.48 0.18-12.1 0.5225
5to<6m 14 (0.7) 5(2.6) 3.77 1.34-10.6 0.0216

6to<7m 16 (0.8) 4(2.1) 262 0.87-7.92 0.0926
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7to<8m 16 (0.8) 3(1.6) 195  056-6.77 0.2313
8to<9m 13 (0.7) 3(1.6) 241  0.68-853 0.1613
9to<10m 7 (0.4) 5 (2.6) 756  238-24.1 0.0004
10to<1lm 8(0.4) 2(1.0) 260  055-124 0.4891
11to<12m 9 (0.5) 3(1.6) 349  0.94-130 0.1408
Tto<2y 171 (8.6) 12 (6.2) 071  0.39-1.30 0.2609
2t0<3y 157 (7.9) 25 (13.0) 174 111-274 0.0144
3to<dy 134 (6.7) 25 (13.0) 207  131-3.26 0.0014
4to<5y 147 (7.4) 14 (7.3) 1.04  059-1.85 0.8848
5to<6y 106 (5.3) 8 (4.1) 077  037-161 0.5997
6to<7y 100 (5.0) 4(2.1) 077  037-1.61 0.5997
7to<8y 89 (4.5) 5 (2.6) 057  023-142 0.3005
8to<9y 80 (4.0) 2 (1.0) 025  0.06-1.03 0.0606
9to<10y 62 (3.1) 7 (3.6) 117 053-2.60 0.8565
0to<1ly 85 (4.3) 9 (4.7) 110 055-223 0.9334
1to<12y 81 (4.1) 5 (2.6) 064  0.26-1.60 0.4472
12to<13y 83 (4.2) 7 (3.6) 087  040-1.90 0.8698
Bto<ldy 93 (4.7) 3(1.6) 032  0.10-1.03 0.0678
ldto<15y 90 (4.5) 2 (1.0) 022  0.05-091 0.0351
I5to<16y 120 (6.0) 3(1.6) 025  0.08-0.78 0.0163
16to<17y 114 (5.7) 7 (3.6) 062  029-135 0.2966

17to<18y 120 (6.0) 6(3.1) 0.51 022-1.17 0.1420



https://doi.org/10.20944/preprints202408.0017.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 1 August 2024 d0i:10.20944/preprints202408.0017.v1

1llto=12m

10to=11m

¥
*
*

9to=10m

Sto=9%m

7to=8m

Age at diagnosis inmonth(s)

[#)
e
g
W
Loy
=

‘ » ‘

*
»*

ko

(=]
-
=]
0

—
-
=]

=
o
=
=
—-
5

[
(=]
[
5

(5]
(=
[¥¥]
o
He=
(=]
.
o

¥

=

A number of cases

b)
17 to= 18y
loto=17 v
1oto=loy N
l4to=15v I
[3to=14v
To12to =13y
= :
Eﬁ 11to=12 o I
=
g 10to=1lv |
E Fto=10v I
3 )
(73] Sto =9 v I
b 5 b
s Tto=8y I
3 Gto=7 v
._!EQ Dto =<6y |
IR |
3to =4y |
T e e ——
lto=<2 - e e e e
O to == 1 v |, o o

(=]
o
(=]

100 150

=]
=

250

A number of cases

p-value for CP5-associated cancers

th CP5 * < (.05 == < 0001

B vithout CPS = =001 wxex = 0.0001

Figure 1. Identification of 193 cancer predisposition syndromes (CPSs) in a regional Caucasian
unselected cohort of 2,190 children with a neoplasm from a Central and Eastern European population
a) in infants (from birth up to 1 year old), b) in whole studied cohort.

CPSs occurred most frequently in infancy period (22.90% of all children suffering from any
diagnosed cancer during the first year of life, p < 0.0001), which accounts for more than a quarter of
all CPS cases in our cohort. From this group CPSs were more likely to be detected firstly among 9
months olds (equaling 41.67% of 12 cases diagnosed with neoplasm at this age, p <0.001), secondly
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among newborns up to 1 month olds (25.00% with p = 0.001 and 28.57% with p < 0.01 of mentioned
age groups respectively), and thirdly among 5 months olds (resulting in 26.32% of 19 patients at this
age from studied cohort, however with p < 0.05). Also, during toddlerhood CPSs were still likely to
occur — with frequency of 15.72% among 3 years olds (p < 0.01) and 13.74% in 2 years olds (p < 0.05)
diagnosed with cancer previously. CPSs were least likely to be observed between 14- and 15-years
old patients (2.17% and 2.44% of children diagnosed with any of previously listed neoplasm at exact
age respectively, p < 0.05). In other age groups CPSs were diagnosed with intermediate frequency,
however these results might be not enough significant (p > 0.05).

The list of CPSs that were detected in our cohort according to age are presented in Supplement
Table S1. Among infants neurofibromatosis type I (NF1) occurred most frequently observed CPS
resulting in 23 cases (46.94% of CPS-positive patients in that age group), especially during two first
months of life giving together 11 newborns and 1 month olds (47.83% of all NF1 patients during
infancy). In that short period also Down Syndrome (DS) was observed quite often, i.e. in all 3 cases
detected during infancy. Other CPSs likely to be detected in the first year of life were isolated
hemihypertrophy (IHH) — 6 cases after summing up and resulting to be most often diagnosed CPS
among 9 months olds, Beckwith-Wiedemann Syndrome (BWS), and Li-Fraumeni Syndrome (LES), 5
cases each, of which BWS was prevailing among 5 months olds. In toddlerhood, from 2 to 3 years
olds NF1 again occurred to be most frequently diagnosed (15 patients after summing up), but also
mentioned LFS and DS, resulting in 10 and 7 cases among pointed two years of life respectively.
Other detected CPSs were BWS and IHH, 5 cases each. To be more specific, in 3 years olds also
constitutional mismatch repair deficiency syndrome (CMMRDS) was detected, which wasn’t
observed at any other age, and hemophagocytic lymphohistiocytosis (HLH) — in 2 and 2 cases
respectively. Among 14- and 15-years old patients, so in less likely to be diagnosed with CPS-related
cancer group, NF1 was detected in 3 cases after summing up, HLH in 14 years old child and multiple
endocrine neoplasia syndrome (MEN) in 15 years old child, resulting in CPS 5 cases during these two
years of life.

3.4. Observed Age Ranges for the Highest Risk of CPS-Related Cancer Development in Children

We devided our cohort into four age ranges, which were taken under statistical analysis. The
designated age limits constituted the model best suited to the study population.

Children between 11 and 18 years had the lowest risk of developing CPS-associated neoplasm
(above 17% vs 35% non-CPS related cancers) (Table 4). In relation to this subgroup, the highest risk
for diagnosis of CPS-related cancers was between 0 and 1 month olds (7.52-fold), then from 2 up to
12 months olds (5.81-fold), and between 1 and 11 years olds (2.08-fold).

Table 4. Age ranges relevant to the incidence of CPS-associated neoplasm in children.

Age, CPS presence Statistical analysis
year(s)/month(s) old No Yes
[y/m] N=1997 N=193 OR 95% CI p
n (%) n (%)
11to<18y 701 (35.1) 33 (17.1) 1.00 reference
lto<1ly 1131 (56.6) 111 (57.5) 2.08 1.40-3.11 0.0002
2to<12m 117 (5.9) 32 (16.6) 5.81 3.44-9.81 < 0.0001
0Oto<2m 48 (2.4) 17 (8.8) 7.52 391-145 < 0.0001

3.5. Neoplasms Diagnosed in CPS-Positive Patients

In supplement Table S2 data about diagnosed cancers among 193 CPS-positive patients are
included, according to ICD-10 classification. From all detected cancer predisposition syndromes
(CPS) neurofibromatosis type I (NF1) prevailed in general (83 patients), but also in patients
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diagnossed with malignancies of peripheral nerves and autonomic nervous system (C47), central
nervous system (CNS) tumors (C71-C72), and malignant neoplasms of other connective and soft
tissues (C49). The second most common CPS occurred Li-Fraumeni Syndrome (LFS) resulting in 34
cases, of whom the largest group was patients suffering from C71, C47, and malignant neoplasms of
liver and intrahepatic bile ducts (C22). Also 2 cases of multiple cancers in LFS-positive patients were
observed, both with the same neoplasms diagnosed (rhabdomyosarcoma and myeloid leukemia).
The third worth mentioning CPS is Down Syndrome with 19 cases, all affected by leukemias, both
lymphoid (C91) and myeloid (C92). What is interesting, all of diagnosed with isolated
hemihypertrophy (IHH) patients had confirmed a malignant neoplasm of kidney (C64). Beckwith-
Wiedemann Syndrome (BWS) was detected in 10 cases, of whom 7 patients were diagnosed with C64.
Other observed CPSs occurred less often and are listed in supplement Table S2.

4. Discussion

To our knowledge, it is the first study summarizing cancer predisposition syndromes (CPSs)
incidence based on childhood neoplasms prevalence among Central and Eastern European
population with 20 years of data collection. In our cohort of 2,190 cancer-positive pediatric patients,
193 of them (8.81%) were diagnosed with an underlying cancer predisposition syndrome (CPS). Most
of current researchers assume CPS prevalence to oscillate between 7 and 18% in pediatric population
in general, beyond children with central nervous system (CNS) tumors, in whom the percentage
reaches even 21%.[5—13] We believe that CPSs appeared in our population during several previous
decades at least as often as nowadays. However, their detecting possibilities were limited. What is
more — during the 20 years of our study follow-up, the availability of genetic testing was changing
for the better;[20—24] however, it remains underfunded in Poland, and in consequence, is out of
reach for less affluent families or financing by public hospitals. In this regard, several confirmed CPSs
seems to be underestimated. Probably also the cancer incidence in our cohort is down sided due to
domestic or abroad medical tourism, depending on permanent residence, finance possibilities, and
other causes.[25,26] And so these aspects remain the study limitations worth mentioning before
further considerations.

As stated before, we observed two peaks of cancer incidence among studied population, what
corresponds with other researches.[27,28] The first one (demonstrated during first five years of life)
may be correlated with a high prevalence of blastomas caused by malignance process in precursor
cells (like neuroblastoma, Wilms tumor, medulloblastoma, hepatoblastoma, retinoblastoma), known
as a group of early childhood tumors, which become unspecific among older children. The second
incidence peak, in the adolescent period, according to biological completion of the ripening process
and, in consequence, similarity rather to adults than to children, can be explained by a growing
number of lymphomas in general, myeloid leukemias, thyroid cancers, testis neoplasms, and bladder
malignances, which are observed more frequently in the mature population.[29,30]

What is worth mentioning, the number of childhood cancer survivors among adolescents and
adults is increasing with time passing by due to earlier detection and still improving treatment
strategies.[31,32] In consequence, more people may be suffering from side-effects related to
previous neoplasm diagnosis, as well as to used therapy, and a number of them will be the greater
the longer time from cancer diagnosis is going to pass.[33—37] One of the worst late complications
seems to remain secondary malignancy, with particularly higher risk among CPS-positive
patients.[38—41] However, to be mindful about health consequences and treatment responsibilities
related to CPSs, the patient need to have genetic guidance and to be diagnosed with any molecular
disorder first.

In our cohort, conducting diagnostic tests for CPSs was considered in case of rare and unspecific
cancer occurrence, phenotypic features, recurrence or multiplied neoplasm detection, and burdened
family history. Genetic counseling was often carried out after the diagnosis of neoplasm, while early
detection seems to be crucial for effective preventive medical care with tailoring any needed
(especially neoplasm) treatment to the underlying mutation. Probably conducting the diagnosis of
CPS should be considered more often than verified algorithms propose so far.[9,14—-17,42.,43]
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Especially due to the developing branch of genomic screening leading to explanation of a CPS-related
neoplasm detection.[12,18,24,39,44] For that reasons we, and other researchers groups, highlight
the necessity of personalized treatment in any affected by both CPS and subsequent neoplasm patient
to reduce therapy toxicity and improve the quality of one’s life by decreasing the risk of side
effects.[45—47] Appropriate guidelines are being published for last few years, and so we recommend

to follow.[19,48—53]

5. Conclusions

A higher prevalence of CPSs in infancy and toddlerhood period may be associated with
inherited genetic disorders and according to Knudson’s two-hits theory, the development of
neoplasm can occur right after the second mutation (i.e. second hit) with the first being associated
with the presence of CPS. Although Knudson's theory cannot explain the molecular basis of every
inherited neoplasm in children, it remains a key starting point for advancements in genomic
research.[54]

Supplementary Materials: Table 1: Detected cancer predisposition syndromes (CPSs) in 193 patients according
to age at time of neoplasm diagnosis. Table 2: Detected cancer predisposition syndromes (CPSs) in 193 patients
according to diagnosed neoplasm defined by ICD-10 classification.
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