European Journal of Cancer 145 (2021) 71—80

Available online at www.sciencedirect.com

ScienceDirect

SEORTC

% EAcR

journal homepage: www.ejcancer.com

Original Research

Cancer predisposition syndromes as a risk factor for early ™
second primary neoplasms after childhood cancer — A ™
national cohort study

Nicolas Waespe “°, Fabién N. Belle *, Shelagh Redmond *,
Christina Schindera *“, Ben D. Spycher *, Jochen Réssler ¢,

Marc Ansari ', Claudia E. Kuehni ““*, for the Swiss Paediatric Oncology
Group (SPOG)

& Institute of Social and Preventive Medicine, University of Bern, Switzerland

Y Research Platform for Pediatric Oncology and Hematology (CANSEARCH Research Platform), Department of Pediatrics,
Gynecology, and Obstetrics, University of Geneva, Switzerland

© Centre universitaire de médecine générale et santé publique (UNISANTE), Institute of Social and Preventive Medicine
(IUMSP), University of Lausanne, Switzerland

4 Division of Pediatric Oncologyl Hematology, University Children’s Hospital Basel, University of Basel, Switzerland

¢ Division of Pediatric Hematology and Oncology, University Children‘s Hospital Bern, Switzerland

f Department of Pediatrics, Pediatric Oncology and Hematology Unit, Geneva University Hospitals, Geneva, Switzerland

Received 17 August 2020; received in revised form 17 October 2020; accepted 23 November 2020
Available online 7 January 2021

KEYWORDS Abstract  Background: Childhood cancer patients are at increased risk of second primary
Neoplasms; neoplasms (SPNs). We assessed incidence and risk factors for early SPNs with a focus on can-
Second primary cer predisposition syndromes (CPSs).

neoplasms; Patients and methods: This cohort study used data from the Swiss Childhood Cancer Registry.
Hereditary neoplastic We included patients with first primary neoplasms (FPNs) diagnosed before age 21 years from
syndromes; 1986 to 2015 and identified SPNs occurring before age 21. We calculated standardised inci-
Cancer survivors; dence ratios (SIRs) and absolute excess risks (AERs) using Swiss population cancer incidence
Swiss childhood cancer data, and cumulative incidence of SPNs. We calculated hazard ratios (HRs) of risk factors for
registry; SPNs using Fine and Gray competing risk regression.

Abbreviations: AER, Absolute excess risk; CI, 95% confidence interval; CNS, central nervous system; CPS, cancer predisposition syndrome; FPN,
first primary neoplasm; HR, hazard ratio; HSCT, haematopoietic stem cell transplantation; IARC, International Agency for Research on Cancer;
ICCC-3, International Classification of Childhood Cancer, third edition; IQR, interquartile range; PY, person-years; SIR, standardised incidence
ratio; SPN, second primary neoplasm; SCCR, Swiss Childhood Cancer Registry; SPOG, Swiss Paediatric Oncology Group.
* Corresponding author: Institute of Social and Preventive Medicine, University of Bern, Mittelstrasse 43, 3012 Bern, Switzerland
E-mail address: claudia.kuehni@ispm.unibe.ch (C.E. Kuehni).

https://doi.org/10.1016/j.ejca.2020.11.042
0959-8049/© 2020 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http:/
creativecommons.org/licenses/by-nc-nd/4.0/).


mailto:claudia.kuehni@ispm.unibe.ch
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ejca.2020.11.042&domain=pdf
https://doi.org/10.1016/j.ejca.2020.11.042
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
www.sciencedirect.com/science/journal/09598049
www.ejcancer.com
https://doi.org/10.1016/j.ejca.2020.11.042
https://doi.org/10.1016/j.ejca.2020.11.042

72

Early detection of
cancer;

Genetic counselling;
Genetic testing;
Pediatrics;
Adolescent medicine

N. Waespe et al. | European Journal of Cancer 145 (2021) 71—80

Results: Among 8074 childhood cancer patients, 304 (4%) were diagnosed with a CPS and 94
(1%) developed early SPNs. The incidence of SPNs was more than 10-fold higher in childhood
cancer patients than the incidence of neoplasms in the general population (SIR = 10.6, 95%
confidence interval [CI]: 8.7—13.1) and the AER was 179/100,000 person-years (CI: 139—219).
Cumulative incidence of SPNs 20 years after FPN diagnosis was 23% in patients with CPSs
(CI: 12—41%) and 2.7% in those without (CI: 2.0—3.6%). Risk factors for SPNs were CPSs
(HR = 7.8, CI: 4.8—12.7), chemotherapy (HR = 2.2, CI: 1.1—4.6), radiotherapy (HR =
1.9, CI = 1.2—2.9), haematopoietic stem cell transplantation (HR = 1.8, CI: 1—3.3), and old-
er age (15—20 years) at FPN diagnosis (HR = 1.9, CI: 1.1-3.2).

Conclusion: CPSs are associated with a high risk of SPNs before age 21 years. Identification of
CPSs is important for appropriate cancer surveillance and targeted screening.

© 2020 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC

BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

While most children can be cured of their first primary
neoplasm (FPN) with modern treatments, they remain at
risk of second primary neoplasms (SPNs) throughout
their life. SPNs are an important cause of morbidity and
the most common cause of death in long-term childhood
cancer survivors after recurrence of FPNs [1—5]. Early
SPNs, defined here as occurring before 21 years of age,
have been mostly studied together with SPNs occurring
later in life. From many studies, early SPNs were excluded
because the analysis had been restricted to adult survivors
[2,6—10]. The standardised incidence ratio of SPNs in
cancer patients compared with neoplasms in the general
population is highest during childhood and adolescence
[11—13]. Overall survival of patients with SPNs is low and
poorest in SPNs occurring within the first five years after
FPN [4]. Risk factors for early SPNs have only been
assessed in one previous study which showed radio-
therapy and chemotherapy to be associated with SPNs [4].

Cancer predisposition syndromes (CPSs) are genetic
conditions associated with an increased risk of develop-
ment of neoplasms [14—16]. More than 40 different CPSs
have been associated with a wide range of neoplasms
during childhood and adolescence [17]. So far, there are
no studies that assessed CPSs as possible risk factor for
early SPNs on a population-based level. Our study aimed
to describe the incidence of SPNs in Swiss childhood
cancer patients occurring before 21 years of age, identify
CPSs associated with early SPNs, and assess potential
risk factors for SPNs with a special focus on CPSs.

2. Patients and methods
2.1. Study design, study population and inclusion criteria

We performed a cohort study based on the Swiss Child-
hood Cancer Registry (SCCR). The SCCR collects data
on all children and adolescents diagnosed with a neoplasm
including leukaemias, lymphomas, central nervous system

tumours, and malignant solid tumours under the age of 21
years since 1976 in Switzerland [18]. For this analysis, we
restricted the diagnosis period to 1986—2015 which has a
high completeness of registration [19]. We included all
neoplasms fulfilling criteria for the 12 main groups of the
International Classification of Childhood Cancer, third
edition (ICCC-3) [20], and excluded patients with non-
melanoma skin cancer because of incomplete reporting.
The Ethics Committee of the Canton of Bern gave its
approval to the SCCR (KEK-BE 166/2014).

2.2. Demographic, cancer and treatment characteristics

We extracted demographic, cancer and treatment char-
acteristics for all childhood cancer patients with an FPN
from the SCCR. This included information on sex, age
at diagnosis, year of diagnosis, diagnosis classified into
12 main groups of the ICCC-3 [20], relapse, underlying
diseases, treatments, and survival. Treatment was cat-
egorised into binary variables indicating exposure to
chemotherapy, radiotherapy and haematopoietic stem
cell transplantation (HSCT).

2.3. Cancer predisposition syndromes

We collected and reviewed medical records from pa-
tients for whom underlying diseases were reported to the
SCCR database (Supplementary Text Al). Yearly
follow-up information was continuously reported to the
SCCR from hospitals involved in childhood cancer care.
We classified underlying diseases as CPSs if they were
reported in the current literature to be associated with
an increased relative risk of neoplasms compared with
the general population [21].

2.4. Identification and ascertainment of second primary
neoplasms

We identified SPNs using the SCCR (Supplementary
Text A2) [22]. We included all SPNs that occurred
before age 21 years. We verified all SPNs with the
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Table 1

Demographic, cancer and treatment characteristics of 8074 Swiss childhood cancer patients diagnosed with a first primary neoplasm between
1986 and 2015, overall and stratified by diagnosis of second primary neoplasm.

Characteristics Total (n, %) Second primary neoplasms
No (n, %) Yes (n, %)
Sex
Female 3582 (45) 3544 (44) 38 (40)
Male 4492 (56) 4436 (56) 56 (60)
Age at diagnosis of first primary neoplasm
Median (years, IQR) 10.6 (4.0—16.5) 10.7 (4.0—-16.5) 6.8 (2.6—14.2)
0—4 2431 (30) 2390 (30) 41 (44)
5-9 1435 (18) 1415 (18) 20 (21)
10—14 1615 (20) 1604 (20) 11 (12)
15-20 2593 (32) 2571 (32) 22 (23)
Diagnosis of first primary neoplasm
1986—1995 2409 (30) 2382 (30) 27 (29)
1996—2005 2703 (34) 2662 (33) 41 (44)
2006—2015 2962 (37) 2936 (37) 26 (28)
Diagnostic group of first primary neoplasm (ICCC-3)
Leukaemia, myeloproliferative and myelodysplastic diseases 2067 (26) 2038 (26) 29 (31)
Lymphomas and reticuloendothelial neoplasms 1280 (16) 1267 (16) 13 (14)
CNS and miscellaneous intracranial and intraspinal neoplasms 1578 (20) 1562 (20) 16 (17)
Neuroblastoma and other peripheral nervous cell tumours 386 (5) 380 (5) 6 (6)
Retinoblastoma 140 (2) 136 (2) 4 (4)
Renal tumours 305 (4) 301 (4) 44
Hepatic tumours 85 (1) 82 (1) 3(3)
Malignant bone tumours 419 (5) 414 (5) 5(5)
Soft-tissue and other extraosseous sarcomas 556 (7) 549 (7) 7(7)
Germ-cell tumours, trophoblastic tumours, and 498 (6) 492 (6) 6 (6)
neoplasms of gonads
Other malignant epithelial neoplasms and malignant 711 (9) 710 (9) 1(D)
melanomas
Other and unspecified malignant neoplasms 49 (1) 49 (1) 0 (0)
Relapse after first primary neoplasm
Yes 1473 (18) 1451 (18) 22 (23)
No 6601 (82) 6529 (82) 72 (77)
Cancer predisposition syndromes
Yes 304 (4) 283 (4) 21 (22)
No 7770 (97) 7697 (96) 73 (78)
Treatment of first primary neoplasm
Chemotherapy
Yes 5667 (70) 5583 (70) 84 (89)
No 1551 (19) 1543 (19) 8(9)
Missing 856 (11) 854 (11) 2(2)
Radiotherapy
Yes 2293 (28) 2248 (28) 45 (48)
No 4800 (60) 4753 (60) 47 (50)
Missing 981 (12) 979 (12) 2(2)
Haematopoietic stem cell transplantation
Yes 653 (8) 638 (8) 15 (16)
No 6356 (79) 6279 (79) 77 (82)
Missing 1065 (13) 1063 (13) 2(2)
Survival up to 21 years of age
Alive 6378 (79) 6318 (79) 60 (64)
Dead 1696 (21) 1662 (21) 34 (36)

Abbreviations: CNS, central nervous system; ICCC-3, international classification of childhood cancer, third edition; IQR, interquartile range; n,

number.

original data source (pathology reports, medical re-
cords, cantonal cancer registry and SCCR notification
forms, or death certificates) and coded them as per the
International Agency for Research on Cancer (IARC)
criteria for SPN coding [23]. In brief, we included SPNs

that were included in the ICCC-3 classification, were
originated in different tissues, or had a different
morphology than the FPN and were not non-melanoma
skin cancer, or progression, transformation, metastasis,
and relapse of the FPN.
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2.5. Statistical analysis

We defined time at risk as the time from date of diag-
nosis of the FPN until occurrence of the first SPN or (i)
last date of hospital follow-up, (ii) last contact with the
SCCR (e.g. survivor questionnaire reply), or (iii) date of
last vital status from cantonal cancer registries, which-
ever occurred last before 21 years of age. We censored
all follow-up information after December 31%, 2015, the
end of our observation period. To assess mortality, we
used data from the SCCR which performs regular up-
dates of survival status in its cohort with the Swiss na-
tional death registry.

We stratified observed SPNs by sex, ICCC-3 diag-
nostic group, age at diagnosis in S5-year groups, and
10-year calendar period of diagnosis. As reference for
expected neoplasms, we used incidence rates from the
SCCR for ages 0—14 years and from the Swiss Federal
Office of Health for the Swiss population for ages
15—20 years [24,25] and multiplied the incidence rate
by the observation time for each stratum. We calcu-
lated standardised incidence ratios (SIRs) by dividing
observed numbers of SPNs in childhood cancer pa-
tients by expected numbers in the general population
(indirect standardisation). We calculated the absolute
excess risk (AER) per 100,000 person-years (py) by

Table 2

subtracting the expected number of FPNs from the
observed number of SPNs, dividing by observation
time at risk in py, and multiplying by 100,000.

We used competing risk regression models as
described by Fine and Gray [26] to estimate hazard
ratios (HRs) for predefined possible risk factors with
death as a competing risk to the main outcome. For
missing treatment information, we performed multiple
imputation by chained equations (Supplementary Text
A3). We then performed univariable competing risk
regressions for having an SPN with the following
potential risk factors: sex, age at FPN diagnosis, year
of FPN diagnosis, diagnostic group of FPN (accord-
ing to ICCC-3), relapse of FPN, underlying CPSs, and
treatment characteristics (chemotherapy, radiotherapy,
HSCT as binary variables). We performed a multi-
variable competing risk regression including sex, and
all characteristics associated in the univariable models
with a two-sided p-value of <0.1. As a sensitivity
analysis, we also performed all regression analyses
using complete cases only. We plotted the cumulative
incidence of SPNs over time since FPN diagnosis with
death as a competing risk and stratified patients by
presence of CPSs. We used STATA software for sta-
tistical analysis (Version 15.1, Stata Corporation,
Austin, TX).

Clinical characteristics of 96 second primary neoplasms in 94 patients, overall and stratified by diagnosis of cancer predisposition syndromes.

Characteristics Cancer predisposition syndromes
Total (n, %) No (n, %) Yes (n, %)
Diagnostic group of second primary neoplasm (ICCC-3)°
Leukaemias, myeloproliferative and myelodysplastic diseases 18 (19) 16 (22) 29
Lymphomas and reticuloendothelial neoplasms 10 (10) 9 (12) 1(5)
CNS and miscellaneous intracranial and intraspinal neoplasms 20 (21) 12 (16) 8 (36)
Neuroblastoma and other peripheral nervous cell tumours 3(3) 1(1) 209
Retinoblastoma 0 (0) 0 (0) 0 (0)
Renal tumours 50 2(3) 3(14)
Hepatic tumours 0 (0) 0 (0) 0 (0)
Malignant bone tumours 8 (8) 5(7) 3 (14)
Soft-tissue and other extraosseous sarcomas 909 709) 2(9)
Germ-cell tumours, trophoblastic tumours, and neoplasms of gonads 5(5 4 (5 1(5)
Other malignant epithelial neoplasms and malignant melanomas" 18 (19) 18 (24) 0 (0)
Other and unspecified malignant neoplasms 0 (0) 0 (0) 0 (0)
Time from first primary to second primary neoplasm
Median (years, IQR) 4.6 (2.7-8.4) 49 (2.7-8.4) 4.0 (2.7-8.3)
Age at diagnosis of second primary neoplasm”
Median (years, IQR) 14.8 (9.8—17.7) 15.0 (9.9—17.7) 13.6 (7.5—-17.3)
0—4 years 6 (6) 34 3(14)
5-9 years 20 (21) 17 (23) 3 (14)
10—14 years 24 (25) 17 (23) 7 (32)
15—20 years 46 (48) 37 (50) 9 (41)
Year of diagnosis of second primary neoplasm”
1986—1995 8 (8) 8 (11) 0 (0)
1996—2005 32 (33) 29 (39) 3(14)
2006—2015 56 (58) 37 (50) 19 (86)

Abbreviations: CNS, central nervous system; ICCC-3, international classification of childhood cancer, third edition; IQR, interquartile range; n,

number.

% Other epithelial neoplasms that were identified in this group: thyroid carcinomas, n = 10; malignant melanomas, n = 4; mucoepidermoid
carcinomas of the parotid gland, n = 3; adenocarcinoma of the bile ducts, n = 1.

® Including multiple SPNs occurring in two patients.
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3. Results
3.1. Cohort characteristics

We included 8074 patients in our study (Supplementary
Figure A4). Cumulative follow-up time was 47,464 py
and median attained age at last follow-up was 18.8 years
(interquartile range [IQR]: 13.1—-20.9). Among included
patients, 92 patients were diagnosed with one SPN and
two patients with two SPNs during follow-up. Median
age at FPN diagnosis was 6.8 years (IQR: 2.6—14.2) for
patients with an SPN and 10.7 years (IQR: 4.0—16.5) for
those without (Table 1). SPNs occurred mainly after
leukaemias (n 29, 31%), central nervous system
(CNS) neoplasms (n = 16, 17%), and lymphomas
(n = 13, 14%), which represent also the most common
FPNs in this age range. A higher proportion of patients
who later developed SPNs had undergone treatment
with chemotherapy, radiotherapy, or HSCT for their
FPN compared with those who did not develop an SPN.
Relapse after FPN was seen in 23% (n = 22) in those
with and 18% (n 1451) in those without SPNs.
Overall survival up to 21 years of age was lower in pa-
tients with SPNs (64%) than in those without (79%).

3.2. Cancer predisposition syndromes

We identified 304 (4%) childhood cancer patients with a
CPS (Supplementary Table A5). The most common
CPSs were neurofibromatosis types I and II (n = 89,
29% of patients with CPSs), trisomy 21 and mosaic tri-
somies (n 73, 24%), and familial/bilateral retino-
blastoma (n = 45, 15%). In total, 27 different CPSs were
identified, of which the majority (n = 20, 74%) was seen
in five or less patients each. Patients diagnosed with

Table 3
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their FPN in more recent years were slightly more often
identified with a CPS (3.1% in the period 1986—95, 4.0%
in 1996—2005, and 4.1% in 2006—2015; p for trend 0.08).
Twenty-one of 304 patients with CPSs (7%) developed
an early SPN under age 21. Of those, only one patient
(5%) with mismatch repair syndrome was identified after
diagnosis of the SPN.

3.3. Second primary neoplasms

SPNs were seen within the first month up to 16.8 years
after FPN diagnosis (Table 2). Median time from
diagnosis of FPN to SPN was 4.0 and 4.9 years, and
median age at SPN was 13.6 and 15 years in those with
and without CPSs, respectively. The most common
SPNs were CNS neoplasms (n = 20), leukaemias and
myelodysplastic diseases (n = 18), malignant epithelial
neoplasms and malignant melanomas (n = 18). We
cross-tabulated FPNs with SPNs and found that first
primary leukaemias and myelodysplastic diseases were
commonly associated with second primary malignant
epithelial neoplasms (n = 8) and with lymphomas
(n 7), lymphomas with malignant epithelial neo-
plasms (n 7), and CNS tumours with subsequent
CNS neoplasms (n = 6) (Supplementary Table A6).

3.4. Standardised incidence ratios and absolute excess
risks

The risk of having an SPN in childhood cancer patients
was more than 10-fold higher than the risk of having a
neoplasm in the general population (SIR = 10.6; 95%
CI: 8.7—13.1) (Table 3). We found the highest risk ratios
for renal tumours (SIR = 24.4, 95% CI: 10.2—58.6),
soft-tissue sarcomas (SIR = 18.5, 95% CI 9.6—35.6),

Standardised incidence ratios and absolute excess risks of second primary neoplasms in childhood cancer patients in relation to the general

population stratified by ICCC-3 classification.

Diagnostic group of second primary neoplasm (ICCC-3) Observed Expected SIR AER
(n) (n) (CDH (CIL; per 100,000
person-years)
Leukaemias, myeloproliferative and myelodysplastic diseases 16 1.8 9.1 (5.6—14.9) 30.0 (13.5—46.5)
Lymphomas and reticuloendothelial neoplasms 10 1.9 5.3(2.9-9.9) 17.1 (4.1-30.2)
CNS and miscellaneous intracranial and intraspinal neoplasms 20 1.4 14.8 (9.6—-22.9) 39.0 (20.8—57.8)
Neuroblastoma and other peripheral nervous cell tumours 3 0.2 16.8 (5.4—52.1) 5.9 (-1.2—13.1)
Retinoblastoma 0 0.1 0 -0.2 (-)
Renal tumours 5 0.2 24.4 (10.2—58.6) 10.1 (0.9—19.4)
Hepatic tumours 0 0.1 0 —-0.2 (-)
Malignant bone tumours 8 0.6 13.4 (6.7-26.9) 15.6 (3.9-27.3)
Soft-tissue and other extraosseous sarcomas 9 0.5 18.5 (9.6—35.6) 17.9 (5.5-30.3)
Germ-cell tumours, trophoblastic tumours, and neoplasms of gonads 5 0.9 5.6 (2.3—13.4) 8.6 (—0.6—17.9)
Other malignant epithelial neoplasms and malignant melanomas 18 1.2 15.4 (9.7-24.5) 36 (17.9-53.0)
Other and unspecified malignant neoplasms 0 0.2 0 —-0.4 (-)
All categories 94 8.9 10.6 (8.7—-13.1) 179.4 (139.3
—219.4)

Abbreviations: AER, absolute excess risk; CI, 95% confidence interval; CNS, central nervous system; ICCC-3, international classification of
childhood cancer, third edition; n, number; SIR, standardised incidence ratio.
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Table 4

Competing risk regression analysis of demographic, cancer, and treatment characteristics and their association with second neoplasm incidence.

Characteristics Univariable analysis® Multivariable analysis®
Subdistribution HR  (CI) p-value  Subdistribution HR  (CI) p-value

Sex
Female 0.85 (0.56—1.28) 0.43 0.90 (0.59—1.36) 0.60
Age at diagnosis of first primary neoplasm 0.03 0.02
0—4 years 1 Ref. 1 Ref.
5—9 years 0.95 (0.56—1.62) 1.03 (0.60—1.78)
10—14 years 0.63 (0.32—1.24) 0.67 (0.34—1.32)
15—20 years 1.73 (1.06—2.83) 1.89 (1.13-3.16)
Diagnosis of first primary neoplasm 0.07 0.22
1986—1995 1 Ref. 1 Ref.
1996—2005 1.55 (0.95—-2.53) 1.41 (0.86—2.30)
2006—2015 1.84 (1.07-3.17) 1.56 (0.92—2.66)
Diagnostic group of first primary 0.58

neoplasm (ICCC-3)
Leukaemias, myeloproliferative and 1 Ref.

myelodysplastic diseases
Lymphomas and reticuloendothelial 1.11 (0.57-2.15)

neoplasms
CNS and miscellaneous intracranial and 0.84 (0.46—1.55)

intraspinal neoplasms
Neuroblastoma and other peripheral 0.98 (0.40—2.36)

nervous cell tumours
Retinoblastoma 1.46 (0.53—4.02)
Renal tumours 0.76 (0.27-2.18)
Hepatic tumours 2.62 (0.79—8.66)
Malignant bone tumours 1.09 (0.42—2.83)
Soft-tissue and other extraosseous 1.05 (0.46—2.41)

sarcomas
Germ-cell tumours, trophoblastic 1.83 (0.76—4.39)

tumours, and neoplasms of gonads
Other malignant epithelial neoplasms, 0.23 (0.03—1.69)

malignant melanomas, other and

unspecified malignant neoplasms
Relapse after first primary neoplasm 1.18 (0.73—1.89) 0.50
Cancer predisposition syndromes 6.58 (4.05—10.69) <0.001 7.83 (4.84—12.67) <0.001
Treatment of first primary neoplasm
Chemotherapy 2.30 (1.12—4.70) 0.02 2.22 (1.08—4.56) 0.03
Radiotherapy 2.03 (1.34-3.06) 0.001 1.88 (1.23—-2.88) 0.003
Haematopoietic stem cell transplantation 1.99 (1.14-3.45) 0.02 1.81 (1.00—-3.25) 0.05

Abbreviations: CI, 95% confidence interval; HR, hazard ratio; ICCC-3, international classification of childhood cancer, third edition; Ref.,

reference.

& Univariable and multivariable analysis after multiple imputation by chained equations of missing treatment information (MICE), death as

competing risk.

....... Without cancer predisposition

————  With cancer predisposition

of second

p<0.0001
£ w0
9
5. J_/_—._r—'ii
T T T T T
0 5 10 15 20
. Time after first tumor diagnosis (years)
Numbers at risk ! et fagnosis (years)
Without cancer predisposition 7770 3450 1763 716 47
With cancer predisposition 304 146 88 35 4

Fig. 1. Cumulative incidence of second primary neoplasms with
death as competing risk stratified by diagnosis of a cancer pre-
disposition syndrome.

neuroblastoma (SIR = 16.8, 95% CI: 5.4—52.1), and
other malignant epithelial neoplasms (SIR = 15.4, 95%
CI: 9.7-24.5). The AER for any SPN was 179 per
100,000 py, with the highest AERs in CNS neoplasms
(39/100,000), epithelial neoplasms (36/100,000) and leu-
kaemias (30/100,000).

3.5. Predictors for second primary neoplasms

We found that CPSs, chemotherapy, radiotherapy,
HSCT, age at FPN diagnosis, and year of FPN diag-
nosis were associated with SPNs in the unadjusted
competing risk analysis (Table 4). There was no evi-
dence of association of sex, diagnostic group, and
relapse with the development of SPNs. In the
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multivariable analysis, diagnosis of CPSs (HR = 7.8,
95% CI: 4.8—12.7), age at FPN diagnosis 15—20 years
(HR = 1.9; 95% CI: 1.1-3.2, chemotherapy (HR = 2.2;
95% CI: 1.1-4.6), radiotherapy (HR = 1.9; 95% CI:
1.2—-2.9), and HSCT (HR = 1.8, CI: 1.0—3.3) remained
independent predictors of SPN diagnosis. The HRs were
similar in an analysis of those patients with treatment
data available (complete case analysis; Supplementary
Table A7). The cumulative incidence of SPNs in par-
ticipants with CPSs was 8% (CI: 5—12%) at 10 years and
23% (CI: 12—41%) at 20 years after FPN diagnosis,
compared with 1.7% (CI: 1.3—2.2) at 10 years and 2.7%
(CI: 2.0—3.6%) at 20 years in those without CPSs

(Fig. 1).

4. Discussion

This is the first population-based study to investigate
CPSs with demographic, cancer, and treatment charac-
teristics as risk factors for SPNs. This study identified
CPSs as the most important risk factor for SPNs in
paediatric and adolescent patients. The cumulative
incidence of SPNs after 20 years was 23% in participants
with CPSs with an estimate not less than 12% and as
high as 41% compared with 2.7% (CI: 2.0—3.6%)
without. Chemotherapy, radiotherapy, HSCT, and
older age at FPN diagnosis were also associated with
SPNs.

The prevalence of CPSs in our cohort (4%) was lower
than the reported prevalence of CPSs in other studies
where comprehensive genetic gene panel testing had
been performed on all participants [14,15]. A study from
St.Jude Children’s Research Hospital assessed 1120
paediatric cancer patients and found 8.5% affected with
CPSs [14], and an international collaborative study in
914 patients identified 7.6% with CPSs [15]. In contrast
to the latter, which identified 7P53 mutations associated
with Li—Fraumeni syndrome in 1.5%, we found only
three patients or less than 0.1%. In renal tumours, we
identified only two patients with WTI mutations (0.7%)
where we would expect 2—11% of Wilms tumour pa-
tients be affected [27,28]. This suggests that many
known CPSs were not recognised in routine clinical
practice in Switzerland. In addition, recently discovered
CPSs such as DICERI-associated syndromes were not
identified in our cohort [29].

Our results on the standardised incidence ratios and
absolute excess risks of SPNs in childhood cancer pa-
tients are comparable with the literature. Previous
studies have mostly focused on three- to five-year sur-
vivors and found SIRs between 5.9 and 11.2
[2,8,10,11,30,31]. Differences between studies are
partially due to sampling variability and differences of
follow-up information, but might also be explained by
different calendar periods of FPN diagnosis (with di-
agnoses in the 1990s reporting a lower cumulative

incidence than in the 1970s) [8] and different coding of
SPNs [32]. Studies from the U.S., [33], the Nordic
countries [12], Ontario (Canada) [4], and Germany [34]
have included SPNs within the first years after diagnosis
and found SIRs of 6.5—9.9. Similar to our study, high
SIRs for CNS neoplasms and bone and soft-tissue sar-
comas were also reported by studies from the U.K. and
the Netherlands [2,31]. The overall absolute excess risk
of SPNs in our analysis (AER of 179/100,000py) was
comparable with previous reports with AERs of about
110—200/100,000 py [12,31,33]. AERs in the different
SPN groups were similar [4].

We found that cancer predisposition syndromes were
the strongest risk factor for early SPNs. The association
of CPSs with SPNs has previously been shown but in a
selected cohort of 3006 five-year survivors from St.Jude
Children’s Research Hospital excluding early SPNs. The
authors reported an association of CPSs with any SPN
in non-irradiated survivors and with selected SPNs
(breast cancer and sarcomas) in irradiated survivors [16].
Similarly to our study, radiotherapy and chemotherapy
have been associated repeatedly with SPNs [2,7,8,31].
Older age at FPN diagnosis was previously associated
with SPNs in a cohort-based study from Israel on 6637
five-year survivors [9] and might reflect particular
sensitivity of patients to treatment in this age group or
variations in neoplasm subtypes and treatments. We
found no evidence of an association of relapse of the
FPN with occurrence of SPNs. This was in contrast to a
previous case-cohort study from the Nordic countries
including 196 SPNs which adjusted for radiotherapy
and chemotherapy and found particularly second breast
cancers associated with relapse of the FPN [35]. The
increased toxicity with FPN relapse treatment might
only become relevant after longer follow-up. Similarly,
female sex was not associated with SPNs in our analysis,
which is likely explained by the lack of breast cancers in
our young cohort, which was the main SPN in other
studies but occurred usually after 21 years of age [36].

Limitations of our study are that we were not able to
assess which patients had undergone genetic counselling,
which diagnostic criteria had been used to identify CPSs
by treating physicians and consulted geneticists, and
whether CPSs had been diagnosed by genetic testing.
The investigation of causal genetic mutations in our and
similar cohorts will be important to better understand
which patients are affected with early SPNs. Another
limitation is the crude information on treatment expo-
sures which did not allow us to relate specific treatment
agents to SPNs. Finally, because of the limited number
of events in our population, confidence intervals and
estimation of incidence ratios and excess risks are wide.

A strength of our study is the inclusion of SPNs since
diagnosis of FPN which provides a complete assessment
of SPNs in the paediatric and adolescent age range.
These patients were assessed for SPNs in only a few
previous studies. 22% of patients with early SPNs being
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diagnosed with CPSs exceed what we would expect for
the childhood cancer population of about 8% [14,15].
Only one patient has been diagnosed with a CPS after
SPN diagnosis which speaks against ascertainment bias.
This also suggests that the occurrence of an SPN has not
led to intensified search for CPSs. Then, because of the
continuous collection of information into the SCCR
with yearly follow-up information and medical reports,
we were able to assemble detailed clinical data from the
initial cancer treatment period and from follow-up ap-
pointments. Finally, our study is based on a nationwide,
population-based cancer registry, so that our results are
representative for all Switzerland and childhood cancer
in countries with access to modern workup and treat-
ment modalities.

Identification of patients at increased risk of SPNs is
imperative to tailor cancer surveillance. The strong as-
sociation of CPSs with SPNs in our study and occur-
rence of SPNs within the first years after FPNs in some
patients highlight the importance of identifying CPSs in
childhood cancer patients. Adapted cancer surveillance
protocols for specific CPSs include multimodal
screening methods [37—39] and yield survival advan-
tages [40,41]. This is relevant for newly diagnosed pa-
tients but also those who have been cured of their
primary disease, as the identification of CPSs may have
been missed during initial workup and treatment. Al-
gorithms [42] and tools available online and as a
smartphone application [43] have been developed that
help identify childhood cancer patients at increased risk
for CPSs. Their ease of use in a routine diagnostic
setting will help clinicians select patients who warrant
genetic counselling which might improve recognition of
CPSs. Appropriate surveillance of patients with CPSs is
important and might improve early detection of SPNs
and ultimately long-term survival.
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