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Abstract This work was conducted by the French Brain
Tumor Data Bank (FBTDB) and aims to prospectively
record all primary central nervous system tumors
(PCNST), in France, for which histological diagnosis is
available. Results concerning children are presented. This
study analyzes the childhood cases (0-19 years) of newly
diagnosed and histologically confirmed PCNST (during the
years 2004-2006) which have been recorded by the
FBTDB. All French neuropathology and neurosurgery
departments participated in this program. Neurosurgeons
and neuropathologists completed a data file containing
socio-demographic, clinical, radiologic and anatomopa-
thologic information. The Tumor Registry from Herault

Luc Bauchet, Valérie Rigau are equally contributed to this work.

L. Bauchet (D<) - J. Moritz - H. Duffau - P. Coubes
Department of Neurosurgery, Department of Pediatric and Adult
Neurosurgery, Centre Hospitalo-Universitaire, Hopital Gui de
Chauliac, 80 Avenue Augustin Fliche, 34-295 Montpellier cedex
5, France

e-mail: I-bauchet@chu-montpellier.fr

V. Rigau
Laboratory of Pathology, Centre Hospitalo-Universitaire,
Montpellier, France

H. Mathieu-Daudé - F. Bauchet - L. Pallusseau
Department of Epidemiology, Groupe de Neuro-Oncologie du
Languedoc-Roussillon, Montpellier, France

H. Mathieu-Daudé - B. Trétarre
Department of Epidemiology, Registre des Tumeurs de
I’Hérault, Montpellier, France

P. Fabbro-Peray
Department of Biostatistics, Institut Universitaire de Recherche
Clinique, Montpellier, France

was authorized to compile the data files with personal
identifiers. About 1,017 cases (533 boys and 484 girls) of
newly diagnosed childhood PCNST have been recorded
(gliomas: 52%, all other neuroepithelial tumors: 31%,
craniopharyngioma: 5%, germ cell tumors, meningioma
and neurinoma: approximately 3% each, all histological
subtypes have been detailed). Tumor resections were per-
formed in 83.3%, and biopsies in 16.7%. The distributions
by histology, cryopreservation of the samples, age, sex,
tumor site and surgery have been detailed. To our knowl-
edge, this work is the first databank in Europe dedicated to
PCNST that includes the collection of clinical, radiological
and histological data (including cryopreservation of the
specimen). The long term goals of the FBTDB are to create
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a national registry and a network to perform epidemio-
logical studies, to implement clinical and basic research
protocols, and to evaluate and harmonize the healthcare of
children and adult patients affected by PCNST.

Keywords Brain tumor - Database - Epidemiology -
Neuropathology - Neurosurgery - Pediatric oncology

Introduction

Primary central nervous system tumors (PCNST) represent
a complex heterogeneous group of pathologic entities
which may be benign, malignant or of unpredictable evo-
lution [1-6]. PCNST are the second most common
childhood neoplasia after leukemia, and the most common
form of solid tumor in children. PCNST are the leading
cause of death from solid tumors in children [7-9]. The
incidence of the PCNST in childhood varies between
countries, age of inclusion, type and location of tumors
recorded [10-18]. In the USA, it is estimated that about 8%
of the tumors reported to the Central Brain Tumor Registry
of United States (CBTRUS) occurred in persons under the
age of 20 years; the incidence is 4.53/100,000 children-
years for the children under 20 years old, and 4.61 for
children under 15 years old [10]. In Europe, the incidence
of childhood PCNST is 2.99/100,000 children-years (for
children under 15 years old) [19]. Some data are available
in France [19-23], but do not detail the histological sub-
types as it is done in the CBTRUS [10] or in the German
registry [13]. Furthermore, in order to develop research
protocols and to evaluate therapeutic management it is
important to detail and record clinical, radiological, histo-
logical data and follow-up.

The French neurosurgeons, neuropathologists and neu-
rooncologists, in collaboration with epidemiologists and
biostatisticians, have recently established the French Brain
Tumor Data Bank (FBTDB) [24]. The main objective of
this project is to prospectively record all PCNST in France
for which histological diagnosis is available. The long term
goals of the FBTDB are to create a national registry and a
network to (1) perform epidemiological studies, (2)
implement a new database and use it for setting up both
clinical and basic research protocols, and (3) allow the
evaluation of the medical practices of an area or of the
entire country to harmonize the healthcare of patients
affected by PCNST.

In collaboration with the French Society for Pediatric
Neurosurgery (Société Frangaise de Neurochirurgie Pédi-
atrique), the first results of our investigation of the
childhood population (0-19 years old), during the years
2004-2006, are presented.

@ Springer

Material and methods

Childhood cases (0-19 years) of newly diagnosed and
histologically confirmed PCNST, 2004-2006 recorded by
the FBTDB were analyzed. Children under 15 years old
and teenagers (15-19 years) have been studied separately
to enable the comparison between these subgroups, as is
recorded in the CBTRUS Statistical Report [10]. The data
presented include age, sex, histological diagnosis accord-
ing to the ICD-0-3 (WHO 2000) classification and
SNOMED codes from Kleihues and Cavenee [2] and
French nomenclature ADICAP [25] (a list of includes
codes is presented in Table 1), clinical signs and symp-
toms, site of the tumor (supratentorial, infratentorial and
spinal cord or cauda equina), radiology (contrast
enhancement) and surgery (biopsy/resection). The 2007
WHO classification of tumors of the central nervous system
[3] was not used because the histological diagnosis was
made from 2004 to 2006.

All neurosurgeons and neuropathologists in France
participating in the French Brain Tumor Data Bank
(FBTDB) were instructed to complete a data file card for
each patient who had neurosurgery from 2004 to 2006.
Histological diagnosis was always made by confirmed
neuropathologists and more than 90% of them worked in
public academic centers. The methodology for the FBTDB
accrual has been described in detail previously [24]. In
summary, the data file card is placed in all French oper-
ating rooms where surgery for PNCST is practiced and
systematically is sent along with the sample to the
pathology lab. The card contains socio-demographic,
clinical, radiological, surgical and pathological data
(including an optional question about cryopreservation of
the samples) and is simple to complete. The first parts of
the card (socio-demographic, clinical, radiological and
surgical data) are completed by the neurosurgeon. The
second part is completed by the pathologist. The card is
then mailed to the Tumor Registry in Herault (TRH,
Registre des Tumeurs de 1’Hérault, Montpellier, France),
which has extensive expertise in working with tumor data
and has the required authorizations for recording data with
personal identifiers. The TRH compiles all the PCNST
cards and analyzes the data in collaboration with the Uni-
versity Institute of Clinical Research of Montpellier-Nimes
(IURC, Institut Universitaire de Recherche Clinique,
Montpellier-Nimes, France).

Statistical analysis

In this descriptive work, a limited statistical analysis was
included. Signs and symptoms, site of the tumor and sur-
gery were compared between two age groups (0—14 and
15-19 years old) using Chi-square test. Site of the tumor



89

J Neurooncol (2009) 92:87-98

10 I 1/0 0 0 0 I ONON 1/21%6 eworSor[sues ewolfoonse o[nuejur snsedowsaq mo
zo 4 11 4 0 0 0 07TON 0/26%6 ewolfoor3uen i
'8 S8 LE/SY [43 0¢ S1 8 sIouwn) [BI[3—[BUOINAU PIXTW PUB [EUOINAN all
90 9 (i I 0 I 14 0ZLN £€/06£6 pwourdIRd snxa[d proroy)
€T € 0T/€T 0 v v S1 0ZON 0/06£6 ewof[ided snxord proroy)
6T 6T TULT I v S 61 stowmn) snxopd proioy)
A 61¢ €€1/981 9 (7 6 66 stoumy [pijay1daomnau 12430
1’0 I 0/1 0 I 0 0 9MON 1/£8€6 ewowpuadaqng
L0 L [ (4 (4 € 0 TMLN 1/76£6 ewouwkpuade KrefrdedoxAy
97 % Teee (4 S <1 (44 SMLN €/76£6 ewowApuade onserdeuy
10 I 0/1 I 0 0 0 SMLN €/16£6 ewowrApuado 120 101D
T0 (4 0/2 0 I I 0 YMLN £/£6€6 ewouikpuads Areqideq
10 I 0/1 0 I 0 0 TMLN €/16£6 ewowApuadoe re[nyo)
6'C 0¢ 91/1 S 8 6 8 0MLN €/16£6 rwowkpuadyg
'8 98 (0 70% 0l 81 8¢ 0¢ siown) [ewApuadyg
Sl Sl 01/8 12 0 6 4 EALN €/78€6 ewolkdonseosjo snsefdeuy
I'1 I 9/S € 9 I [ TALN €/T8¢6 ew0)Ko0nseo3IQ
9¢ 9T 91/01 L 9 01 € SBWOI[S PaXIN
9 9C SU/IT L 9 8 S YALN €/15¥6 ewor[SoIpuaposo onsefdeuy
0t 8% 12/0C I 6 8 01 OALN €/0S+6 BWOI[30IPUSPOSI[O
99 L9 9¢/1¢ 1T St 91 S1 1oy d[e1S0IPUdPOSIO
60 6 Siv 0 € v 4 €I0N 1/¥8€6  (el[iadumog) ewolkoonse [[o9 juels [ewkpuadogng
€0 € 0/€ (4 0 I 0 TION 1/78€6 ewolkdonse [[22 juers [ewdpuadoqng
€0 € 1/T I 0 I I 6SLN SIYTY6 ewojfoonseoyiuex oydiowos[q
554 54 611/911 9F IS 89 0L 8SON /126 ewo)kdonse anLooid
10 I /0 I 0 0 0 PXLN €/TrY6 BWOOIBSOL[D)
€0 € 0/€ (4 0 I 0 TXLN €/Th6 BWOISLIQOTS [[00 JUBLD)
v'C ¥C T1/€1 9 L 4 L 0XLN /0716 BUWOISE[QOI[D)
I'T 11 8/¢ 14 v I 4 91LLN €/10%6 ewojkoonse dnserdeny
10 I 0/1 0 0 I 0 YSLN €/1116 rwio}fo0mse d1K0ISIWDD
01 01 LIg I z 4 S TSIN #€/0TH6 ewolkoonse Are[[LqLy
6C 6¢C [S¥i4! 4 L 8 (0] 0SLN SON siown) d14£o0nsy
y'Ce 6C¢ L91/291 L9 YL 16 L6 sewo3Koonsy
81 81 8/01 € S € L 0dLN SON siown) Bwoln
LTS 9zs L9T/65T 801 81T 891 781 SDUI01])
%  [ewoL  spsfog smwak g1-¢1 sk p[—01 sk -G smahk 0 JVOIAV  JHINONS O-dDI A3ojo1stH

(L10°T = N) x9s pue dnoi3 93¢ ‘[Sz] €00T Ul dVOIAV

QINJB[OUSWIOU YOUAL] Pue [7] OO0 Ul 99UARD) pUB SINYII[S] WOI} $9pod HINONS PUe ¢-O- DI Suisn A30[01SIY AQ SIOWN] WIISAS SNOAISU [enuad Arewrid pooyp[iyo jo uonnquusiq | dqeL



J Neurooncol (2009) 92:87-98

90

10 I 1/0 0 I 0 0 0DL3 €/0656 sewoydwA| yueuSIfejy
spwoydwdy
60 6 £/9 9 € 0 0 0D0A 1/1916 BWO)SE[qOISUBWOH
SISQUQZ0)SIY UTRIAOUN JO SIown],
10 I 1/0 0 0 I 0 O3PA 1/0S16 ewojkorpdorsuetoy
sIown) [EWAYOUISIA
10 I 1/0 0 I 0 0 OfLN €/0£S6 pwordutuaw onsejdeuy
0 14 e € 1 0 0 0PN 1/6£56 eworduruaw [ed1dAry
0 4 /0 I I 0 0 SION 0/€€S6 BWOISUIUAW SNOJRWOWWESJ
T0 (4 0 (4 0 0 0 P3I0N 0/LES6 BWIOISUIUSW (PAXIW) [EUONISUEBL],
70 4 /0 € 0 0 I YION 0/2€£S6 eworsuruau (dNSe[qoIqy) snoIqLy
70 4 e 0 I I 4 TION 0/1€56 BWOISUIUSW [BI[QYIOSUIUSIN
L0 L v/e 1 € 1 [ 0fON 0/0€56 SON eWOISUIUSA
T ¥ LI/L 01 L T S S[[99 TeroyIo3uIuaW Jo siownJ,
€¢ 143 Ie/el 91 (1)1 € S saSunuaut 2y} fo sioun|
S0 S (43 [4 I I I 0D0N 0/0vS6 BUWOIqUOININ
10 I 1/0 I 0 0 0 9VON 0/0956 BWOUUEMUDS ULIOJIXI]
€T € €1/01 91 14 € 0 OVON 0/0956 SON ewouuemyss
7'C 144 71/01 L1 14 € 0 BUWIOUUBMYDS
6'C 6C 91/€l 61 S 1% 1 saatau paaydiiad fo siowny
'l 1 €/8 0 I ¢ L ALX €/3056 JTowmy propqey/projerd) [eard&yy
20 [ /0 1 0 0 1 TINLN £/0676 BWOISL[QOINaUOI[SURD
50} S ¥4 1 0 C 4 ONLN £/00S6 BUWOISE[qOINSN
T w v1/8 (4 I 01 6 TNLN €/ELY6 IANd [euojuaieidng
1'C 1T Liv1 ! € L 01 ¢dLN €/1LY6 rwojse[qornpaw onserdowsoq
6Cl 1€l 61/C8 91 1€ Sy 6¢ 0dLN €/0LY6 BUOISB[QO[[MPa]A
20 [ /0 0 0 0 [ 00LN £/1056 eworayidsormpay
1’6l 61 8L/OT1 1T 9¢ L9 0L siown) [euoAIquig
80 8 14 C C € 1 vdLd €/29¢€6 BUlIO)SB[qO_UId
1'0 I 1/0 0 0 0 1 ¢dLd 1/19¢6 BWOIAD0dUL]
0 (4 /1 0 0 4 0 0dLd SON siown) [ewAyouared [eauld
I'1 Il 9/§ C 4 S 4 siown) [ewAyouared [esulq
10 1 0/1 1 0 0 0 0TYN 1/90S6 BUW0)A00INAU [BT)UR))
0 4 /1 0 I I 0 INLN £€/S0S6 ewor3orsues onsejdeuy
9'v LY 12/9¢ 1T €l L 9 ONLN 1/6056 ewor[3orSuen
I'e [43 cl/el 8 91 L 1 INON 0/€1v6 (LANQ) Jowm [erjayyidoomau onsejdofiquasiq
% oL sEosfog  seak 6T-¢T sweak -] sk ¢ smak p—0  JVOIAV  JHAINONS O-adI ASoro1sTH

penunuod 1 dqe],

pringer

as



J Neurooncol (2009) 92:87-98

91

Table 1 continued

%

Total

15-19 years Boys/Girls

0-4 years 5-9 years 10-14 years

ADICAP

ICD-O SNOMED

Histology

\n
[30)

36
25

24/12
18/7
2/2
4/2
0/1

15
13

Germ Cell Tumors

\n
o

G7KO0

9064/3

Germinoma

=
=

2

GOGO
G7HI1

9080/0

Mature teratoma

e
S

9080/3

Immature teratoma

—
(=)

T7HO

9085/3

Mixed germ cell tumors

Tumors of the sellar region

53

54

28/26

18 10

21

DON2

9350/1

Craniopharyngioma

Local extension from regional tumors

0.6

3/3
7/5

0

D4N4

9370/3

Chordoma

1.2
100

12
1,017

Unclassified tumors

Total

227

245

278

267

* Morphology code of the International Classification of Diseases for Oncology (ICD-O) and the Systematized Nomenclature of Medicine (SNOMED). Behavior is coded/0 for benign tumors, /

1 for low or uncertain malignant potential or borderline malignancy, (/2 for in situ lesions) and/3 for malignant tumors

NOS not otherwise specified

(supratentorial, infratentorial, spinal cord or cauda equina
and mixed) were also compared between the two surgical
groups (biopsy and resection) using Chi-square test.

Results

During the years 2004-2006, 12,120 cases of newly diag-
nosed and histologically confirmed PCNST have been
recorded by the TRH. This included 1,017 histologically
confirmed childhood cases (<20 years) operated in 44
public or private neurosurgical departments. More than
95% (n = 974) of the children were operated in public
academic centers. Of the 1,017 PCNST, 533 were boys
(52.4%) and 484 were girls (47.6%). The median age at
diagnosis for all childhood PCNST was 9 years.

The distribution by histology, age group and sex is
shown in Table 1. Among neuroepithelial tumors gliomas
were the most frequent, encompassing 50% of all child-
hood PCNST. About one-third of all childhood PCNST
were other neuroepithelial tumors. Craniopharyngioma
accounted for 5% and germ cell tumors, meningioma and
neurinoma accounted for approximately 3% each. Pilo-
cystic astrocytoma and medulloblastoma were the most
common individual histologies. The median ages at diag-
nosis were as follow: gliomas: 8 years, other
neuroepithelial tumors: 7 years, meningiomas: 13 years,
tumors of peripheral nerves: 16 years old. Among the
younger population, PCNST were slightly more common
in boys, with neuroepithelial tumors slightly more com-
mon, and germ cell tumors twice as common in boys
compared to girls. Approximately two-thirds of the choroid
plexus tumors were diagnosed before 5 years old and three
quarters of the neuronal and mixed neuronal-glial tumors
were diagnosed after 10 years old.

Cryopreservation of the samples was reported on 254
(25%) of the 1,017 collected cases. The percentage of the
cryopreserved tumors was almost the same in each age
group. Table 2 details the number of cryopreserved tumors
by main histological groups, and describes the radiological
enhancement within these histological groups. Within the
1,017 PCNST collected in the database, the enhancement
was positive on MRI and/or CT scan in 797 cases, negative
on MRI and CT scan in 45 cases, doubtful in 28 cases, and
not detailed in 147 cases.

Signs and symptoms in childhood PCNST were
completely reported on 899 of the 1,017 collected cases
(Table 3). Raised intracranial pressure was the most
noted symptom and was present in more than the half
cases in the children under 15 years old. Epilepsy was
less than 13% among the younger population and present
in about a quarter of the cases in the teenager’s
population.

@ Springer
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Table 2 Number of cryopreserved childhood primary central nervous system tumors and contrast enhancement within the different groups of

childhood primary central nervous system tumors (N = 1,017)

Histology N nb cryo T Contrast enhancement
Yes No Doubt Unknown Yes/yes + no (%)

Pilocytic astrocytoma 235 56 201 3 1 30 98.5
All astrocytoma except pilocytic astrocytoma 94 19 72 5 4 13 93.5
Oligodendroglioma and mixed gliomas 93 20 61 16 6 10 79.2
Ependymal tumors 86 29 71 2 0 13 97.3
Choroid plexus tumors 29 9 24 0 0 5 100.0
Neuronal and MNG tumors 85 33 60 9 5 11 87.0
Pineal parenchymal tumors 11 2 10 1 0 0 90.9
Embryonal tumors 194 57 165 3 5 21 98.2
Tumors of peripheral nerves 29 7 16 0 0 13 100.0
Tumors of meninges except hemangioblastoma 25 6 20 0 1 4 100.0
Hemangioblastoma 9 1 8 0 0 100.0
Germ cell tumors 36 5 23 1 3 9 95.8
Craniopharyngioma 54 3 39 3 1 11 92.9
Other and unclassified tumors 37 7 27 2 2 6 93.1
Total 1,017 254 797 45 28 147 94.7

MNG Mixed neuronal-glial, N Number, nb cryo T Number of cryopreserved tumors

Table 3 Signs and symptoms in childhood primary central nervous system tumors

Signs and symptoms 0-14 years (n = 790)

15-19 years (n = 227)

All (n = 1,017) Comparison of the two age

groups (0-14 and 15-19 years)

Number % Number % Number % P

Epilepsy 91 12.8 45 23.8 136 15.1 0.0002
Headache 226 31.8 65 34.4 291 324 0.5037
Raise ICP 358 50.4 68 36.0 426 47.4 0.0004
MSD 99 13.9 10 53 109 12.1 0.0012
Deficit 183 25.8 52 27.5 235 26.1 0.6288
Other 162 22.8 26 13.8 188 20.9 0.0065
Asymptomatic 19 2.7 12 6.3 31 34 0.0139
Number reported 710 189 899

Deficit Neurological deficit, /CP Intracranial pressure, MSD Mental status disorders

Among the children under the age of 15 years, the in-
fratentorial site was the most frequent and accounted for
approximately half of all cases. Tumors developing in two
or three sites (mixed site) were not rare (6%). Among the
teenagers, the supratentorial site accounted for more than
half of the cases (Table 4).

Surgery (biopsy or resection) was reported on 918 of the
1,017 cases collected (Table 5). The proportion of resec-
tion (versus biopsy) was about the same in the younger
population (<15 years) as in the teenagers (15-19 years)
and account for more than 80%. Of the 872 cases for which
the site of the tumor and the surgery were reported, a
significant relation between the site of the tumor (supra-
tentorial, infratentorial, spinal cord or cauda equina and

@ Springer

mixed) and surgery (biopsy versus resection) with
P = 0.0013 (Table 6) was evident. Table 7 shows the
number of biopsies and resections for each main histo-
logical group and each tumor site.

Discussion

This work of the French Brain Tumor Data Bank (FBTDB)
[24, 26] detailed all histological types and subtypes of
primary central nervous system tumors (PCNST) for 1,017
children (included teenagers) with newly diagnosed and
histologically confirmed PCNST in France from 2004 to
2006. Clinical and radiological data, site of the tumor,
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Table 4 Distribution of childhood primary central nervous system tumors by site

Site of the tumor 0-14 years (n = 790) 15-19 years (n = 227) All (n = 1,017)

Number % Number % Number %
Supratentorial 309 443 106 54.4 415 46.5
Infratentorial 326 46.8 69 354 395 443
Spinal cord or cauda equina 20 2.9 17 8.7 37 4.2
Mixed 42 6.0 3 1.5 45 5.0
Number reported 697 195 892

Comparison of the two age groups (0-14 and 15-19 years): P < 0.0001

Table 5 Surgery of childhood primary central nervous system tumors

Surgery 0-14 years (n = 790) 15-19 years (n = 227) All (n = 1,017)

Number % Number % Number %
Biopsy 124 17.4 29 14.2 153 16.7
Resection 590 82.6 175 85.8 765 83.3
Number reported 714 204 918

Comparison of the two age groups (0-14 and 15-19 years): P = 0.2868

Table 6 Distribution of childhood primary central nervous system
tumors by site and surgery

Site of the tumor Surgery Total

Biopsy Resection

% Number % Number
Mixed 2381 10 76.19 32 42
Spinal cord or cauda equina 11.11 4 88.89 32 36
Infratentorial 11.63 45 88.37 342 387
Supratentorial 21.13 86 78.87 321 407
Total 145 727 872

Comparison of the two surgical groups: P = 0.0016

surgery (biopsy/resection) and cryopreservated cases were
reported. The long term goals of the FBTDB are to create a
national registry and an extensive data bank in order to
support basic and clinical research and to evaluate the
oncological management concerning the PCNST in the
French population. However, this discussion is mainly
focused on methodology, epidemiological data (incidence
rate, sex, age, histology) and perspectives.

Methodology

The primary difficulty in building a tumor registry is
defining the type of tumor to be recorded. Particularly in
neuro-oncology, the term brain tumor has been defined in
numerous ways in the literature. Recent publications [4, 5,
10, 27, 28], the classification system of the World Health
Organization [2, 3], and the European recommendations

for coding tumors of the brain and central nervous system
(CNS) [29] include all primary benign and malignant
tumors located in the CNS, including the envelopes of the
CNS and the origination of the nerves localized in the skull
and the spine. Second, a registry has to record all cases of
the defined tumors. The ascertainment system could
influence the selection of tumor types to be included in the
registry definition. As our registration system is based on
the neurosurgical French network, we decided to record
tumors that are always seen in neurosurgery. At the
beginning of this work in 2004, we did not include pituitary
tumors because we were not certain they are always seen
by a neurosurgeon in France and the mesenchymal non-
meningothelial tumors (excepted hemangiopericytoma)
which were not considered as primary brain tumor by all
the French community at this time. Except for these dif-
ferences, we have selected the types of tumors that are
included in the WHO 2000 [2] and CBTRUS classification
schemes [10]. In addition, we use the French nomenclature
[25] in combination with the WHO [2]. Since 2007, the
FBTDB includes all the codes included in the WHO 2007
[3] and pituitary tumors.

Concerning the pediatric tumors, there is another
scheme: the International Classification of Childhood
Cancer (ICCC) [30] with the Third Edition (ICCC-3) [31].
This classification is currently used by the European
childhood cancer registries [19, 32-34], by the French
National Registry of Childhood Solid Tumors [21, 23] and
by the FRANCIM network to study cancer incidence
among adolescents in France [35, 36]. This scheme is
based on the ICD-O 3 classification, and it is possible to do

@ Springer
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Table 7 Distribution of childhood primary central nervous system tumors by surgery, site and main histology (N = 872)

Histology Site Total

Mixed SC and CE Infratentorial Supratentorial

B R B R B R B R
Pilocytic astrocytoma (PA) 1 7 0 6 11 106 13 55 199
All astrocytoma except PA 1 4 2 2 7 12 21 30 79
Oligo and mixed gliomas 1 2 0 0 10 15 18 40 86
Ependymal T 0 3 1 8 0 40 1 22 75
Choroid plexus T 0 2 0 0 0 2 13 24
Neuronal and MNG T 0 4 0 3 4 3 56 75
Pineal parenchymal T 2 1 0 0 0 3 2 10
Embryonal T 4 5 1 3 6 129 7 17 172
T of peripheral nerves 0 1 0 9 0 10 0 0 20
T of meninges except Hgb 0 0 0 1 0 2 0 18 21
Hemangioblastoma (Hgb) 0 1 0 0 0 6 0 2 9
Germ cell T 0 1 0 0 0 3 15 10 29
Craniopharyngioma 0 0 0 0 0 0 0 44 44
Other and unclassified T 1 1 0 0 7 5 3 12 29

B Biopsy, MNG Mixed neuronal-glial, Oligo Oligodendrogliomas, R Resection, SC and CE Spinal cord and/or cauda equina, 7 Tumor

the conversion between these two schemes (NCI-NIH-
SEER website) [37]. The advantage of the ICCC-3 scheme
is that it makes it possible to compare incidence of child-
hood PCNST in different countries. The inconvenience is
that this scheme groups different kinds of histologies
together and is not specific enough for detailed
comparisons.

Childhood PCNST are heterogeneous tumors, so, in this
descriptive work, we have detailed all histologies (using
ICD-O 3) to facilitate the comparisons between the different
series from the literature and because the clinical outcome
of each kind of these tumors could be very different. Some
recent reports (Table 8) are now available in different
countries about detailed childhood PCNST histological
distribution, for example in Denmark [12], Canada [14],
Germany [13], Korea [11], Brazil [17], Taiwan [18], USA
[10], but this was not available in France before this present
work was completed. Furthermore, it is important to list the
period of study, the population of study, the age at time of
diagnosis, the percentage of histologically confirmed diag-
nosis, and so on, because all of these data may vary from
study to study as it is illustrated in Table 8.

Incidence rate

The incidence rate of childhood PCNST continues to be
controversial. It is very difficult to record all cases in a
large area. The incidence rate may vary in the different
countries and in different periods of time. In 2001, Kaatsch
et al. [13] published compiled data from the International
Agency for Research on Cancer (IARC). Age-standardized
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incidence rate (ASR) (per 100,000 children) of childhood
PCNST (under 15 years old) range between 1.7 (in Hong-
Kong) and 4.1 (in Sweden). The estimated ASR in France
was 2.8. The data published in 2006 and 2008 showed: (1)
the overall ASR of Childhood PCNST in Europe (1988—
1997) was 2.99 (per 100,000 children, under 15 years old)
[19], and (2) ASR in United States (2000-2004) was 4.61
per 100,000 children, under 15 years old and 4.53 for
children under 20 years old [10].

Sex

Many previous studies have reported an obvious predom-
inance of male patients with brain tumors with ratios
ranging from 1.2 to 2.1 [11, 18, 38-41]. In our study
(<20 years) the gender ratio is 1.10 and is close to the
results of the Swedish Registry (ratio = 1.03) [42], Cana-
dian work (ratio = 1.08) [14], Danish registry
(ratio = 1.15) [12], and CBTRUS (ratio = 1.14) on 5,873
person under the age of 20 years [10]. On other hand,
Rorke and Schut [43] explained that the male predomi-
nance of pediatric brain tumors merely reflected the gender
distribution ratio in the normal childhood population. In
France, the gender ratio (for the population <20 years) was
1.05 for the year 2005 [44]. However, there are some
histological subtypes which are more frequent in boys (for
example: embryonal tumors, gender ratio = 1.49, and
germ cell tumors, gender ratio = 2) while other tumors are
more frequent in girls (for example: meningioma, gender
ratio = 0.44) in our series and that is comparable to the
literature.
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Table 8 Recent examples in different countries of reported studies that detail the histological distribution of childhood primary central nervous system tumors

Pathologically proven and particularity

Reference
coding

Population Study

Age at

Country

Study and period

diagnosis

Pathologically proven primary brain tumor in 94.6%

Denmark area. Registry

Denmark <15 years

911

Gjerris et al. 1998 [12] 1960-1984
Keene et al. 1999 [14] 1975-1993

Pathologically proven primary brain tumor, except for brainstem tumor

Catchment area. Registry

<18 years

200 Canada

3,268

All primary CNS tumors Germ cell tumors are treated separately

ICD-0-2

Germany area. Registry

<15 years

Germany

Kaatsch et al. 2001 [13] 1990-1999
Cho et al. 2002 [11] 19592000

Intra dural primary brain tumor Pathologic specimen only

ICD-0-2

<16 years  Hospital series

Korea

677
1,195

Primary CNS tumors Histologically confirmed

Hospital series ICD-0-3

<22 years

Brazil

Rosemberg and Fujiwara 2005 [17]

1974-2003
Wong et al. 2005 [18] 1975-2004

CBTRUS 2008 [10] 2000-2004

Pathologically proven primary brain tumor in 85.4%

ICD-0-3

Hospital series

<18 years

986 Taiwan

All primary CNS tumors

ICD-0-3

19 States of USA. Registry

Hospital consortium

<20 years

USA

5,873

ICD-0O-3 Primary CNS tumors Pathologic specimen only. Recording of the

<20 years

France

1,017

Current study 2008, 2004-2006

cryopreservation of the sample

Age

Some studies include teenage population in the childhood
population [14, 17, 18], some others include children under
15 years old only [19, 41, 45]. In the present study, we
have separated the children under 15 years old (790 cases)
and teenagers (15-19 years old = 227 cases), as it is done
in the CBTRUS [10], to make easy the comparison
between series. In our series, the repartition of the number
of cases for children (0—4 years old = 267 cases, 5-9 years
old = 278 cases, 10-14 years old = 245 cases) is con-
cordant (even if the age class are not always the same) with
the data from Danish registry [12] and American registries
[10], and some hospital series [18].

Histology

Mostly in agreement with the recent literature for all age
groups, in the present work the most common childhood
PCNST are astrocytomas (32.4%, included more than 2/3
of pilocytic astrocytomas), and embryonal tumors (19.1%,
included more than 3/4 of medulloblastoma) followed by
ependymomas (8.5%), neuronal and mixed neuronal-glial
tumors (8.4%) and craniopharyngiomas (5.3%). The
tumors of the meningothelial cells account for 3.3% and
tumors of peripheral nerves for 2.9% only. Our study
details the repartition of the histology subgroups as astro-
cytomas, ependymomas, neuronal and mixed neuronal—
glial tumors, embryonal tumors, meningiomas (Table 1).

The percentage of the rare tumors such as pineal
parenchymal tumors are 1.3% in the German and Korea
series [11, 13], 0.9% in Taiwan [18], and 1.1% in our
series; concerning the choroid plexus tumors, the Brazilian
[17], Danish (for plexus papilloma) [12], Taiwan [18],
German [13] studies describe 2.7, 2.4,1.9, 1.8%, respec-
tively, and was 2.9% in our series. Atypical teratoid/
rhabdoid tumor of the CNS, an extremely rare and
aggressive tumor of early childhood [46] with a gender (M/
F) ratio of 2.7 accounted for 1.1% of the all childhood
PCNST in our series. Glioblastoma which is the most
frequent glioma histology in all populations (composing
approximately half the glioma cases) [10, 24], accounts for
2.8% in the German [13], 3% in the United States [10]
childhood PCNST population and 2.4% in our study.

The present series has two unusual findings. First, the
percentage of the neuronal and mixed neuronal-glial
tumors (8.4%) is greater than in the literature (2.1% in the
Taiwan [18], 2.5% in the German [13], 7.3% in CBTRUS
[10] publications); secondly, the percentages of oligoden-
droglial tumors (6.6%) and mixed tumors (2.6%) are also
greater than in the common literature. Two hypotheses
could explain these differences: (1) the present study col-
lected cases in recent years (2004—2006) and (2) French
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pathologists are more influenced by the Sainte Anne clas-
sification [47] than other pathologists. In the Saint Anne
classification, diffuse and anaplastic astrocytomas are
considered as oligodendrogliomas or mixed gliomas and
anaplastic oligodendrogliomas or anaplastic mixed glio-
mas, respectively. Of course, this fact could influence the
French pathologists when they use the WHO classification.
The goal of the present work is not to discuss the validity of
the diagnosis made by pathologists but only to report the
number of cases for each tumor. This could illustrate the
difficulties to homogenize the histological diagnosis for
some histological subtypes all over the world.

In this present work, childhood PCNST cases without
histologic confirmation (for example: children with brain-
stem gliomas or children with positive cerebrospinal fluid
tumor markers for CNS mixed malignant germ cell tumors)
were not recorded. One of the goals of this work is to share
our data with: (1) the French National Registry of Child-
hood Solid Tumors [23] and (2) the French pediatric neuro-
oncology units, to collect all the French childhood PCNST
cases, and then to participate to international studies with
the Brain Tumor Epidemiology Consortium (BTEC) and
the International Agency for Research on Cancer (IARC).

Clinical and radiological data, site of the tumor, surgery

The clinical data (Table 3) and radiological data (Table 2)
are in agreement with that found in the literature [14, 48—
51] and are partly linked to the topography of the tumor
(Table 4). In this present work, tumors were only classified
into three different sites (supratentorial, infratentorial, and
spinal cord or cauda equina). The working group for the
French record of PCNST has recently decided to modify
the information Card to include the International Classifi-
cation of Diseases for Oncology (ICDO-3) topography
codes [52] for meninges (C70.0, C70.1, C70.9), brain
(C71.0-C71.9), spinal cord and cranial nerves (C72.0-
C72.5), pineal (C75.3) and to add pituitary (C75.1 and
C75.2). It is not the goal of this work to discuss the neu-
rosurgical practice (biopsy versus/resection) for each
histological subtype and site of the childhood PCNST, but
it would be interesting to have global information on
pediatric neurosurgical practices concerning resection in
other country (Table 7). We noted that neurinoma and
meningioma are always resected no matter where the tumor
is located. Pilocytic astrocytomas which are typically
resected were biopsied in 19% of cases when located in the
supratentorium. The data presented in Table 7 are impor-
tant if we want to compare the median survival of one
histological type or subtype of childhood PCNST between
different countries.

A future goal of this work is to allow for the follow-up
of patients to determine treatments, medical status and
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survivorship. For example, the FBTDB has recently com-
pleted a work entitle “Oncological patterns of care and
outcome for patients with newly diagnosed and histologi-
cally confirmed glioblastoma in France in 2004, results on
952 cases” which was presented to the last American
Society of Clinical Oncology meeting [53].

Virtual tumor bank

Recording cryopreservation of samples, to our knowledge,
has not been reported previously and is original to our
study. More than 250 identified childhood PCNST are
cryopreserved. For these cryopreserved tumors we know
the histological diagnosis and the main clinical and
radiological features. This represents the first virtual tumor
bank of childhood PCNST in Europe and holds great
potential for future biological and clinical investigations.

Conclusion

To our knowledge, this work is the first European databank
dedicated to PCNST that includes the collection of clinical,
radiological and histological data (including cryopreser-
vation of specimen), and which may have major clinical
and research implications. Although, this large hospital-
based series is not yet a study from a true population-based
PCNST registry, it is representative of childhood PCNST
in France. This work strongly suggests that the clinicians
will need to work together with the registries in order to
improve our knowledge of the epidemiology of childhood
PCNST.
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