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Abstract

Background: Tumors of the central nervous system (CNS) are the second most com-
mon type of pediatric cancer in Germany. We aimed to describe registration practice,
incidence, and survival patterns for childhood CNS tumors in Germany for the past
40 years.

Procedure: Including all CNS tumor cases in children diagnosed at ages 0- 14 years reg-
istered at the German Childhood Cancer Registry (GCCR) in 1980-2019 (for survival
analysis 1980-2016), we calculated age-specific and age-standardized incidence rates
(ASIR) over time, average annual percentage changes (AAPC), and 1- and 5-year overall
survival.

Results: While we observed a pronounced increase in ASIR after the establishment
of the GCCR during the 1980s, ASIR for all pediatric CNS tumors combined contin-
ued to increase markedly from 28.6 per million in 1990-1999 to 43.3 in 2010-2019
(AAPC = 2.7% in 1991-2010, AAPC = 0.3% in 2010-2019). The 5-year overall sur-
vival from CNS tumors improved from 63% in the 1980s, 70% in the 1990s to 79%
in 2010-2016. These improvements have occurred across all age groups. Children
diagnosed with ependymomas and choroid plexus tumors experienced the strongest
increase (from 54% to 81%).

Conclusions: Observed increases in incidence rates for pediatric CNS tumors are likely
only partially caused by actual increasing case numbers. The majority is a function of
improved registration and, to a minor extent, improvements in diagnostics. Survival
from pediatric CNS tumors has, by and large, improved consistently, leading to a grow-
ing population of childhood cancer survivors with diverse health biographies and risk

of lifelong adverse impact on health and wellbeing.

Abbreviations: AAPC, average annual percentage change; ASIR, age-standardized incidence rate; Cl, confidence interval; CNS, central nervous system; GCCR, German Childhood Cancer Registry;
HR, hazard ratio; ICCC, International Classification of Childhood Cancer; ICD-O, International Classification of Diseases for Oncology; SPN, subsequent primary neoplasm.
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1 | INTRODUCTION

Tumors of the central nervous system (CNS) are the second most
common type of pediatric cancers in most high-income countries, and
account for roughly 25% of all cancers in children between the ages
0 and 14 in most European countries.! CNS tumors comprise a het-
erogeneous group of entities with substantial differences in biology,
incidence pattern, histology, and prognosis.2* Its two most com-
mon subtypes in children, pilocytic astrocytoma and medulloblastoma,
are rarely seen in adults, whereas the two most common subtypes
that occur in adults, glioblastoma and meningioma, are rarely seen in
children.?

Reported incidence rates have increased steadily in Europe over
the past decades.” Observed age-standardized incidence rates (ASIR)
ranged from 30 to 42 cases per million, while temporal trends vary
by region.”~” Albeit their relative importance for the overall cancer
burden in children, which is enhanced by a comparatively poor prog-
nosis for some tumor types and many life-years ahead along with a
high risk for tumor- and treatment-related somatic late effects, the
etiology of CNS tumors remains largely unknown. About 5% of all
CNS tumors can be traced back to genetic predisposition syndromes,
like neurofibromatosis.®? A higher risk is also frequently observed for
children with exposure to high doses of ionizing radiation in utero
(transplacental carcinogenesis)'®!! or during childhood,'2-* and for
children with high or low birth weight.21%1¢ The increases in incidence
rates that were observed since the 1980s lead to hypotheses that envi-
ronmental factors play a role in the development of pediatric CNS
tumors. Despite a growing body of research, no toxin or other environ-
mental factor could, so far, be found to undoubtedly fill this etiological
role.?11:17 Another explanation for the perceived increase in incidence
rates was sought in changes of coding and classification schemes,
improvements in reporting, and new means of diagnosis, such as the
increasing availability of MRI (magnetic resonance imaging)*é scans,
which coincided with the uptick in reported CNS tumor incidence rates,
especially for low-grade gliomas.?

The survival from pediatric CNS tumors has notably improved over

2021 3lthough for some tumor types the prognosis

the past decades,
remains poor compared to other childhood cancer types. Two compre-
hensive assessments reported remarkably increasing 5-year survival
estimates over the past decades to recently 73% (all CNS diagnoses
combined) in Europe??-24 and 79% in Germany.?! Yet, when only
malignant CNS tumors were considered, survival estimates were sub-
stantially worse; 5-year survival probabilities remained at 59%2* and
66%,21 respectively. While the survival probability of the most com-
mon CNS tumor type, low-grade gliomas, has improved substantially,
these improvements were not observed in medulloblastomas and the

majority of malignant gliomas.8

With this article, we offer an overview about registration, inci-
dence patterns, and survival trends in childhood CNS tumors in
Germany for the past 40 years, by taking advantage of the high-quality
population-based data from the German Childhood Cancer Registry
(GCCR). The GCCR was established in 1980 and is one of the few,
long-standing national childhood cancer registries in the world. The
longitudinal data offer a high granularity to describe the epidemiology
of childhood CNS tumors and discuss influencing factors on incidence
and survival patterns at different time points during 40 years of

registration.

2 | MATERIALS AND METHODS
2.1 | Study population and data

The study population comprised all children diagnosed with a primary
CNS tumor between the ages 0 and 14 years (including subsequent pri-
mary neoplasms [SPNs]) registered at the GCCR from 1980 to 2019.
The GCCR has been recording and monitoring incident cases of all
pediatric malignancies and non-malignant intracranial and intraspinal
tumors in Germany for more than 40 years. At first, only pediatric can-
cer cases from West Germany were registered. Since 1991, the GCCR
also covers the population of former East Germany.

The registration process of the GCCR is based on voluntary report-
ing by all pediatric hematology-oncology units in Germany and written
informed consent of the respective parents and patients. In case no
written consent is given, incident cancer diagnoses are registered with-
out any personal identifiable information. During the initial build-up
phase from 1980 to about 1987, the GCCR quickly established a close
and well-functioning network with all treating hospitals and the Ger-
man Society of Paediatric Oncology and Haematology, the association
of pediatric oncology professionals in Germany (including the commit-
ment of the GPOH to report all new cancer diagnoses to the GCCR),
which ensures the coverage of virtually all pediatric cancer cases that
are diagnosed and treated in a pediatric oncology unit. Some pedi-
atric CNS tumor patients, primarily of adolescent age or when no
chemotherapy is required, are treated in neuro-oncology facilities for
adults, which do not report reliably to the GCCR. Excellent coverage
for almost all cancer types is achieved since about 1987, with complete-
ness of registration being estimated to exceed 95% (diagnosed before
the age of 15, all cancer types combined). CNS tumors tended to be
somewhat underreported, particularly during the build-up period,* but
to aminor extent likely up to the present day. Consequentially, the inci-
dence rates and temporal patterns reported for the early 1980s, most
likely do not reflect actual changes in incidence over time but rather

improvements in the completion of the registry.
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CNS tumors reported to the GCCR were initially classified accord-
ing to the first International Classification of Childhood Cancer [ICCC]
by Birch and Marsden).2> After each introduction of a new ICD-O
(International Classification of Diseases for Oncology) edition, all diag-
noses were retrospectively recoded and reclassified according to the
respective ICCC edition (since 2003 according to the third edition
[ICCC-3]).2¢ The main differences (on main diagnostic group level),
between the Birch and Marsden edition and ICCC-3 concern ICD-O-
3 morphology codes 9060—9102 (intracranial and intraspinal germ
cell tumors), which have been removed from group Ill and added to
group X.2526 As the symptoms and prognoses are similar to malig-
nant CNS tumors, intracranial and intraspinal tumors of non-malignant
or uncertain behavior are included in the ICCC. Following the ICCC-
3 classification, we present the respective CNS tumor types in our
analysis: ependymomas and choroid plexus tumors (group I11(a)), astro-
cytomas (group IlI(b)), intracranial and intraspinal embryonal tumors
(group lll(c)), other gliomas (group IlI(d)), other specified intracranial
and intraspinal neoplasms (group lll(e)), unspecified intracranial and
intraspinal neoplasms (group IlI(f)). The latter group is just included
in the descriptive results but excluded from analysis. At the time of
our study (data extraction: January 15, 2022), registry data on incident
diagnoses were available for the period from 1980 to 2019.

Annual population estimates by age and sex were obtained from the
German Federal Statistical Office.2”

The study population for the survival analyses included cases
with a primary CNS tumor (including SPNs) diagnosed between
1980 and 2016 (data base as of December 31, 2021). The GCCR
regularly collects follow-up data on vital status using information
from relevant therapy trials, treating hospitals, and local population
registries.* Follow-up of patients without written consent is prohibit
(as they were registered without any personal identifiable informa-
tion), and follow-up after emigration from Germany is generally not
possible.

2.2 | Statistical analysis

Age-specific and age-standardized incidence rates (ASIR) per million
were calculated for all CNS tumors combined and by tumor type. The
ASIRs were calculated through direct standardization, using the Segi
1960 World Standard Population.?? The analyses were stratified by
CNS tumor types (see above), age at diagnosis (grouped by 0, 1-4,
5-9, 10—14 years), sex (female/male), and behavior (malignant/non-
malignant). For the graphical representation of reported incidence
trends over time, we applied a cubic spline smoother to the ASIRs
per calendar year. To evaluate if the magnitude or direction of ASIR
trends changed over time, we used Joinpoint regression.2? This method
allowed us to calculate the average annual percentage changes (AAPC)
in incidence rates.*® The Joinpoint model applies Monte Carlo per-
mutation tests to detect points in time marking significant changes in
magnitude or direction of temporal trends (the so-called joinpoints).
As recommended by National Cancer Institute,3* we allowed for up

to five joinpoints for each model. Where joinpoints were detected, the

AAPC and its 95% confidence interval (Cl) were reported for the time
(segment) between two adjacent joinpoints.

Overall survival was defined as the period between the date of diag-
nosis and death from any cause. Follow-up information was available
until December 31, 2021. Observation time was censored at 5 years
after diagnosis; patients were followed until death from any cause, emi-
gration, or end of follow-up, whichever came first. We calculated 1-
and 5-year overall survival for each of the above-mentioned stratifica-
tion variables with the lifetable method. For graphical presentation, a
locally estimated scatterplot smoothing (LOESS) with cubic interpola-
tion was applied to the 5-year overall survival estimates per calendar
year. For the analysis on determinants influencing survival, we used
Cox proportional hazard regression to model hazard ratios (HR) and
corresponding 95% Cls for the risk of dying in a multivariable setting.

Analyses were performed using R version 4.1.1 (10.08.2021), SAS
Software 9.4%2 and Joinpoint Regression Program, version 4.9.0.0,

National Cancer Institute.3?

3 | RESULTS

In total, 14,576 children (45.2% females) diagnosed with a CNS tumor
at ages 0—14 years were reported to the GCCR during the 40-year
study period (1980-2019) (Table 1). Of those, 1.2% were SPNs.
Children diagnosed at ages 5—9 accounted for 33.9% of the total
cases, followed by children in the ages 1-4 (30.4%), 10—14 (28.9%),
and infants (6.8%). Astrocytomas represented the most frequently
diagnosed CNS tumor type (44.3%) (Table 1). The incidence of CNS
tumors differed notably by tumor type and age at diagnosis (Table
S1, Figure S1). Figures S2 and S3 show the distribution of tumors
behavior (malignant/non-malignant) by diagnostic subgroups and vice
versa.

3.1 | Incidence rates

The average ASIR for the entire study period (1980-2019) was 32.9
per million with an AAPC of 3.3% [95% Cl: 1.8-4.9] (Tables 1 and 2). For
the period 1991-2010, the Joinpoint analysis revealed a moderately
increasing trend (AAPC: 2.7%, 95% Cl: 2.0-3.4), followed by rather
stable rates during 2010-2019 (Table 2 and Figure 1A).

The age-specific analysis indicated substantial increases of the
reported CNS tumor incidence rates for each age group. For children
diagnosed during infancy, the incidence rate ranged between 29.3 per
millionin 1990-1999 and 42.4 per millionin 2010-2019. The increases
in reported incidence rates were slightly disproportionally distributed
in terms of timing and magnitude. For the 1- to 4-year olds, the best
fitting model suggested an AAPC of 2.1% [95% Cl: 1.7-2.5] for the
entire period and did not identify any joinpoints, suggesting a relatively
consistent trend. Both age groups, 5—9 and 10—14, experienced sub-
stantial increases during the 1980s with an AAPC of 13.4% [95% Cl:
7.1-20.1] and 15.2% [95% Cl: 3.3-28.3], respectively, while incidence

rates increased more moderately in subsequent periods (with AAPCs
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FIGURE 1 Age-specific and age-standardized incidence rates of central nervous system (CNS) tumors in children aged 0-14 years at diagnosis
by (A) age group at diagnosis, (B) tumor type/behavior, and (C) sex from 1980 to 2019 in Germany. ASIRs were directly age-standardized according
to the Segi 1960 World Standard Population. Tumor types are classified according to the International Classification of Childhood Cancer - third
edition (ICCC-3): Ependymomas and choroid plexus tumors (ICCC-3 group Il1(a)), Astrocytomas (ICCC-3 group IlI(b)), Intracranial and intraspinal
embryonal tumors (ICCC-3 group llI(c)), other gliomas (ICCC-3 group l11(d)), Other specified intracranial and intraspinal neoplasms (ICCC-3 group
I11(e)), and Unspecified intracranial and intraspinal neoplasms (ICCC-3 group llI(f)). A cubic spline smoother was applied to the ASIRs per calendar
year.
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TABLE 1
between 1980 and 2019 in Germany by diagnostic decade.

Descriptive overview and age-standardized/age-specific incidence rates of children diagnosed with a CNS tumor at ages 0-14 years

Age-standardized?® and age-specific incidence rate per million [95% Cl] per diagnostic

1980-1989
21.2[20.3-22.2]

20.1[16.7-24.0]
26.3[24.3-28.4]
22.1[20.4-23.8]
15.1[13.9-16.4]

2.6[2.3-3.0]

7.9(7.4-8.5]
5.8[5.3-6.3]

1.2[1.0-1.4]
2.1[1.8-24]

1.6[1.3-1.9]

19.0[17.8-20.4]
23.3[21.9-24.7]

14.8[14.0-15.6]
6.5[5.9-7.0]

1990-1999
28.6[27.7-29.6]

29.3[25.7-33.3]
33.4[31.5-35.4]
29.8[28.2-31.5]
22.1[20.7-23.5]

3.0[2.7-3.4]

12.5[11.9-13.1]
7.2[6.7-7.7]

1.7[1.5-1.9]
3.4[3.1-3.8]

0.8[0.7-1.0]

26.7[25.4-28.1]
30.5[29.1-31.9]

18.4[17.6-19.1]
10.3[9.7-10.9]

2000-2009
37.4[36.2-38.5]

42.3[39.9-44.7]
46.1[41.2-51.3]
37.6[35.7-39.6]
29.4[27.8-31.1]

3.8[3.5-4.2]

17.5[16.8-18.3]
7.917.4-84]

2.8[2.5-3.1]
4.7[4.3-5.1]

0.6[0.5-0.8]

34.4[32.9-36.0]
40.2[38.5-41.8]

22.2[21.3-23.1]
15.2[14.5-15.9]

2010-2019
43.3[42.1-44.6]

42.4[37.8-47.4]
50.3[47.7-52.9]
42.0[39.9-44.2]
37.6[35.7-39.7]

4.1[3.7-4.6]

19.1[18.3-20.0]
7.9[7.4-8.5]

4.9[4.5-5.4]
6.7[6.2-7.2]

0.6[0.4-0.7]

41.1[39.4-42.9]
45.4[43.7-47.3]

25.4[24.5-26.4]
17.9[17.1-18.7]

Abs. Rel.
Freq. Freq. decade
N % 1980-2019
Total 14,576  100.0 32.9[29.5-36.8]
Age at diagnosis (years)
Age 0 987 6.8 36.1[27.0-47.3]
Age 1-4 4435 304 38.3[30.6-47.4]
Age 5-9 4942 33.9 32.8[27.3-39.2]
Age 10-14 4212 28.9 26.3[21.6-31.8]
Tumor type®
111(a) Ependymomas and 1407 9.7 3.2[2.2-4.8]
choroid plexus tumor
111(b) Astrocytomas 6457 44.3 14.7[12.4-17.4]
111(c) Intracranial and 3110 21.3 7.2[5.6-9.3]
intraspinal embryonal tumors
111(d) Other gliomas 1217 8.4 2.8[1.9-4.2]
111(e) Other specified 1997 13.7 4.3[3.1-5.9]
intracranial and intraspinal
neoplasms
111(f) Unspecified intracranial 388 27 0.9[0.4-2.0]
and intraspinal neoplasms
Sex
Female 6587 45.2 30.4[25.7-36.0]
Male 7989 54.8 35.3[30.4-41.1]
Tumor behavior
Malignant 8879 60.9 20.3[17.6-23.4]
Non-malignant 5697 39.1 12.6[10.6-15.1]
Diagnostic period
1980-1989 1980 13.6
1990-1999 3593 247
2000-2009 4333 29.7
2010-2019 4670 32.0
Second primary neoplasm 174 1.2

Abbreviations: Abs., absolute; Cl, confidence interval; CNS, central nervous system; N, number; Rel., relative.

2Age-standardized according to the Segi 1960 World Standard Population.

bTumor types are classified according to the International Classification of Childhood Cancer—third edition (ICCC-3): ependymomas and choroid plexus
tumors (ICCC-3 group I11(a)), astrocytomas (ICCC-3 group ll1(b)), intracranial and intraspinal embryonal tumors (ICCC-3 group Ill(c)), other gliomas (ICCC-3
group l1I(d)), other specified intracranial and intraspinal neoplasms (ICCC-3 group IlI(e)). Unspecified intracranial and intraspinal neoplasms (ICCC-3 group

111()).

of 1.4% [95% Cl: 1.1-1.8] and 2.5% [95% ClI: 2.1-2.9], respectively).
More details about age-specific contributions can be found in Tables 1
and 2, Figure 1A, and Table S1.

For almost all tumor types, the increases in reported incidence rates
were stronger during the early 1980s compared with other periods
(Table 2 and Figure 1B). The tumor types have contributed dissimilarly
to the observed trends in the overall ASIR (Table 2 and Figure 1B). We
observed the largest ASIR increase for astrocytomas, with an AAPC of

5.1% [95% Cl: 3.1-7.0] for the entire study period—particularly from
1980 to 1987 (build-up period) when the ASIR for astrocytomas grew
on average 25.2% [95% Cl: 18.3-33.2] a year. Finally, ASIRs reached
19.1 per million in 2010—2019 (Tables 1 and 2). For the second largest
group of CNS tumors, intracranial and intraspinal embryonal tumors,
we estimated an AAPC of 1.6% [95% Cl: 0.6-2.6], and identified a
sharp increase in ASIR with one significant joinpoint in 1989, followed
by plateauing incidence rates (Table 2). The reported ASIR for other
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gliomas increased from 1.2 per millionin 1980—1989 to 4.9 per million
during the most recent diagnostic decade (Table 1). The group of other
specified intracranial and intraspinal neoplasms showed a substantial
but steady increase in reported incidence rates over time (AAPC: 3.7%
[95% Cl: 3.2-4.2]) (Table 2).

The ASIRs for males and females increased at a similar rate, includ-
ing the strongincline in the early 1980s (Figure 1C). Males had a higher
overall ASIR compared to females. This pattern held true for the most
recent period, with an ASIR of 45.4 [95% Cl: 43.7-47.3] per million for
males versus 41.1 [95% Cl: 39.4-42.9] for females (Table 1). However,
considering the formal trend analysis, ASIRs in males have developed
unevenly in some periods and showed indications of a decrease in ASIR

inrecent years (Table 2).

3.2 | Survival

Of 12,894 cases diagnosed with a primary CNS tumor between 1980
and 2016, complete follow-up information for at least 5 years was
available for 93.0% (Table 3). In all, 3344 deaths were confirmed within
5 years after diagnosis during the follow-up period (until Decem-
ber 31, 2021). One- and 5-year overall survival from all CNS tumors
combined improved markedly over time, reaching 91.1% and 79.0%
in 2010—2016, respectively. Survival estimates, HRs, and temporal
trends by different age groups, tumor types, and sex are shown in
Table 3 and Figure 2A-C.

The 5-year survival probability by age at diagnosis showed improve-
ments for all age groups within the study period and, generally, a higher
survival probability if the CNS tumor was diagnosed later in childhood
(Figure 2A and Table 3). Children who were between the ages of 10 and
14 years at diagnosis had the highest 5-year survival in three out of
four periods (82.1% in 2010—2016). Children diagnosed during infancy
had the least favorable prognosis across the entire study period. This is
underlined by results from the Cox regression, which yielded adjusted
HRs for the risk of dying among infants that ranged between 1.4 [95%
Cl: 1.1-1.7] in 2000—2009 and 2.1 [95% Cl: 1.7-2.7] in 1990—1999,
when compared to children diagnosed at ages 10—14.

Children diagnosed at age O and 1—4 experienced the most remark-
able improvements in 5-year survival. It increased by 19 and 21
percentage points and reached 71.7% and 79.4% in 2010-2016,
respectively. For the other age groups, 5-year survival improved by
about 12 percentage points over time. While the incidence of tumor
types varies between age groups, these age-specific changes did not
explain the difference in survival between tumor types (Table S1 and
Figure S1).

Even though 5-year survival improved for most CNS tumor types,
the temporal trends vary to some extent. The 5-year survival improve-
ments in ependymomas and choroid plexus tumors have levelled-off
at around 80% since the Millennium. While the bulk of the survival
enhancements occurred in the first 20 years of the observation period,
survival improvements for astrocytomas were evident over the entire
period. Among children, astrocytoma presents predominantly as low-

grade astrocytoma; its 5-year survival probability reached 84.4% in

2010-2016 (Table 3 and Figure 2B). For the subgroup of “Other
gliomas,” 5-year survival remained stable over time (59.4% during the
1980s and 56.3% in 2010—2016).

Males and females showed overall similar survival probabilities,
which reached 78.6% and 79.4%, respectively, in the most recent
period.

Tumor behavior is an important determinant of CNS tumor prog-
nosis. While the probability to survive at least 5 years post diagnosis
increased from 77.3% to 98.0% for non-malignant CNS tumors during
the study period, malignant CNS tumors had much poorer prognoses
(Table 3 and Figure 2C). Although, their 5-year survival increased from
57% before the Millennium to 65.4% in 2010—2016, the results from
the Cox regression demonstrated that the HRs increased substantially
over time. In 2010—-2016, risk of death for children with malignant
CNS was estimated to be around 20 times higher (HR 19.9, 95% Cl:
13.3-29.9) versus children with non-malignant CNS tumor (Table 3).

4 | DISCUSSION

With this study, we provide a comprehensive assessment of temporal
incidence and survival patterns of childhood CNS tumors in Germany,
covering a period of 40 years, from 1980 to 2019. We observed an
increase in the incidence rates for pediatric CNS tumors across all
age groups and some tumor types. While we observed a pronounced
increase in ASIR immediately after the establishment of the GCCR dur-
ing the 1980s, the continued albeit less marked increase in observed
incidence rates seemed to be disproportionally fueled by astrocy-
tomas. The 1- and 5-year survival probabilities improved substantially
across all age groups and virtually all tumor types. We observed excep-
tional improvements for children diagnosed at ages 1—4 and for those
diagnosed with ependymomas and choroid plexus tumors.

Overall, the observations of the present analysis must be inter-
preted in light of the longstanding and ongoing efforts to improve the
reporting of CNS tumors in Germany. As outlined above, the decade
from 1980 to 1989 was marked by the initial build-up of the GCCR reg-
ister population. Rapid improvements in registration in the early and
mid-1980s have consequently led to an extreme, artificially inflated
increase in ASIRs for this period. A national and international compar-
ison of ASIRs from this period is therefore challenging, and a certain
extent of under-ascertainment of diagnoses in the first decade after
the register was established should be taken into consideration.

Current incidence rates for pediatric CNS tumors in Germany likely
are still affected by minor underestimation. In fact, while the GCCR
reports completeness levels of above 95% for all other neoplasms
combined since the late 1980s, the completeness of registration of
pediatric CNS tumors continues to be challenging.3334 This, however,
concerns today primarily adolescent patients (>14 years at diagno-
sis), who were not part of the present assessment. Some pediatric
CNS tumor patients, especially when no chemotherapy is required
or when patients are of older adolescent age, are often treated in
neuro-oncological facilities for adults, who often do not report to the
GCCR.8%
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FIGURE 2 Estimated 5-year overall survival probability and corresponding 95% confidence interval (Cl) over time by (A) age group, (B) ICCC-3

tumor types, and (C) tumor behavior for children aged 0-14 years at diagnosis in Germany (1980-2016). Survival probabilities are estimated with
the lifetable method and based on the 5-year survival rates for cases of a category at a given year. Tumor types are classified according to the
International Classification of Childhood Cancer - third edition (ICCC-3): Ependymomas and choroid plexus tumors (ICCC-3 group Ill(a)),
Astrocytomas (ICCC-3 group IlI(b)), Intracranial and intraspinal embryonal tumors (ICCC-3 group lll(c)), other gliomas (ICCC-3 group llI(d)), Other
specified intracranial and intraspinal neoplasms (ICCC-3 group Ill(e). Unspecified intracranial and intraspinal neoplasms (ICCC-3 group llI(f)) were
not shown due to small numbers and heterogeneity. A locally estimated scatterplot smoothing (LOESS) with cubic interpolation was applied to the

5-year overall survival estimates per calendar year.
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Moreover, changes in diagnostics and registration practice of pedi-
atric cancers have affected the reported ASIRs for astrocytoma. The
accuracy with respect to reporting non-malignant CNS tumors, such as
pilocytic astrocytomas, has improved substantially in recent years. The
parallel continued decline in ASIRs of unspecified CNS tumors (ICCC-3
group l1(f)), which we also observed in our data, appears to be a clear
indicator.

Direct associations between variations in external risk factors and
changes in incidence rates in pediatric CNS tumors are generally dif-
ficult to retrace due to the largely unknown etiology.” About 5%-10%
of all CNS tumor cases diagnosed during childhood can be traced back
to rare genetic syndromes, exposure to ionizing radiation, or the few
other established risk factors.183¢ Despite the continued efforts to
reduce medical radiation,?” many children have been exposed to low
doses of diagnostic ionizing radiation in early life. Moreover, as cranial
radiotherapy was and still is routinely used to treat most forms of
brain tumors as well as acute lymphoblastic leukemia in some circum-
stances, a non-trivial group of childhood cancer survivors is at risk of
subsequent CNS tumors. Of note though, the majority will manifest at
adult ages, in view of latency SPNs.1338 Apart from these established
risk factors, environmental pollutants such as pesticides, solvents and
other chemicals, parental lifestyle, and occupational exposures have
been studied to solve the etiological puzzle.??-*® Generally, these stud-
ies have not shown convincing results. The main limitation has often
been the difficulty to obtain reliable unbiased exposure data®* and
the need for time-sensitive exposure data, as timing appears to play a
crucial role in the etiology of childhood CNS tumors.2¢*> Numerous
epidemiological studies have used more data-driven approaches to
compare various indirect factors, such as socioeconomic background,
to examine the occurrence of pediatric CNS tumors. One reoccurring
theme is that a higher socioeconomic status (at individual or spatial
level) was found to be associated with a higher risk of CNS tumor
diagnoses.*¢-48

CNS tumors account for 30.7% of all deaths recorded at the GCCR
between 1980 and 2021, and thus contribute considerably to over-
all childhood cancer-related mortality in Germany.* Our study shows
that 5-year overall survival from all CNS tumors combined has, how-
ever, constantly improved over the last 40 years, even considering the
changing composition by tumor type. The 5-year survival probability of
79.0% for cases diagnosed in 2010—2016 is comparable to what was
reported in the Nordic countries and the United Kingdom.2*

Albeit remarkable improvements, the analysis of survival by tumor
type showed highly dissimilar temporal trends. While the 5-year sur-
vival from ependymomas improved by almost 30 percentage points,
“other gliomas” was a subgroup for which we did not observe improve-
ments in 5-year survival over time. It was 59.4% in 1980—1989 and
56.3% in 2010—2016. Notably, besides improving diagnostics, sub-
stantial changes in CNS tumor classification altered the composition
and proportion of malignant and non-malignant tumors in this group.*
Considering later diagnostic years, when the proportion of malignant
tumors was higher than during the 1980s, our findings yet suggest sur-
vival improvements of about 10 percentage points for “other gliomas.”

Although advances in treatment, diagnostic methods,*? and organiza-
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tional structures®® were overall successful at improving survival from
pediatric CNS cancer,2%3% this is to show that its histological complex-
ity continues to present an enormous challenge.> Accordingly, those
advances in diagnostics including improved tumor allocation may have
contributed to the increasing HRs for the association between tumor
behavior and 5-year overall survival.

Apart from clinical risk factors, with respect to the survival from
pediatric CNS tumors, there is a growing body of research on social and
socioeconomic factors, which is trying to identify patterns and inequal-
ities that derive from structural social differences.’? This admittedly
requires high-quality data, and the majority of such studies stem from
high-income countries, like Switzerland,’® Finland,>* or Denmark.>>
Most studies revealed persistent disadvantages for individuals or
areas with low levels of relative income, education, or wealth. These
inequalities in the survival from childhood tumors and more specifi-
cally pediatric CNS tumors persist even in the context of high-quality
healthcare and despite consistent efforts to reduce them.>3

From an international perspective, the incidence rates reported in
this study are similar to recently published ASIRs for other European
countries.”> Astrocytomas showed the highest increase in observed
incidence rates for all tumor types over time, which is in line with
findings from the United Kingdom and France.’®>” The temporal
trends do not quite replicate the patterns found in other European
countries such as the United Kingdom and France. For the period after
1987, these countries have not observed the persistent incline that
we observed in Germany.”>°%>7 A rise in CNS incidences rates did not
occur in the Scandinavian countries during this 40-year period, which
oftenserve as litmus test because of their highly accurate and complete
cancer registration. ASIRs in Sweden and Denmark have been plateau-
ing for over three decades.”®>? However, in contrast to Germany,
in the Nordic countries, there is a general legal obligation to report
incident cancer cases to national cancer registries, including cancer
diagnoses in children and adolescents. Those registries have reported
pediatric CNS tumor incidence rates beyond 40 per million already
since the early 1990s, and it is assumed that observed incidence
patterns are not affected by changes in registration and reporting
practice.

4.1 | Strengths and limitations

The present study uses the long-standing data from the GCCR, which
isone of the longest operating, population-based childhood cancer reg-
istries worldwide. Another strength relates to the practically universal
access to healthcare in Germany irrespective of socioeconomic condi-
tions and a sizeable population of about 11 million children between
the ages 0 and 14, which allowed for analyses with high statistical
power. Due to the build-up period of registration at the GCCR, inci-
dence rates have been grossly underestimated for the early period
(1980-1987).2> Moreover, the GCCR has no information about pedi-
atric cancer cases for East Germany before the German reunification
in 1991.# However, considering incidence time trends from the early

1990s, there was no or very little fluctuation in 1991-1992 following
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the German reunification and the simultaneous consolidation of East
and West German cancer registration systems.

Another limitation concerns the recoding and reclassification of
diagnoses due to adapted editions of ICD-O and ICCC. One-to-one
reclassification of diagnoses based on previous ICCC editions to ICCC-
3 involved some specific diagnoses that were difficult to unequiv-
ocally reclassify. This may have somewhat—although likely to an
unneglectable degree—affected our temporal observations. Also, with
respect to the survival estimates, a minor impact from the incomplete
follow-up information—especially from deceased patients—cannot be
ruled out. Lastly, the GCCR lacks complete data about grading, which
is, however, animportant prognostic marker, and investigating the tem-
poral pattern of the association between grading and survival was

therefore not feasible.

5 | CONCLUSION

We observed a continuous increase in incidence rates of pediatric
CNS tumors in Germany even after the build-up phase of the regis-
ter between 1987 and 2019, which was less marked and driven by
a surge in astrocytoma diagnoses. While the gains have been equally
distributed across age groups, the observed incidence rates indicate
a growing number of non-malignant CNS tumor registrations, likely
explained by improved diagnostics and improved completeness of
reporting and registration. At the same time, we observed improving
survival probabilities for most tumor types. This translates to a growing
number of childhood CNS tumor survivors representing a susceptible
group in the society, as a relevant proportion of survivors suffers from
impairments and have particular needs. Follow-up care systems and
guidelines will have to be developed to care for this growing subpop-
ulation with special health biographies and lifelong adverse impact on

health, quality of life, and socioeconomic consequences.20:¢0-62
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