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Abstract

model.

clarify this rising trend.

Background: Although some countries have observed a stabilization in the incidence of CNS, an increasing
incidence has been reported from multiple studies. Recent observations point out to the heterogeneity of
incidence trends according to histological subtypes, gender and age-groups. Using a high-quality regional CNS
tumor registry, this article describes the trends of CNS tumor incidence for main histological subtypes, including
benign and malignant tumors, in the French department of Gironde from 2000 to 2012.

Methods: Crude and age-standardized incidence rates were calculated globally, by histological subtypes, malignant
status, gender and age groups. For trends, annual percent changes (APC) were obtained from a piecewise log-linear

Results: A total of 3515 CNS tumors was registered during the period. The incidence of overall CNS tumors

was 19/100000 person-years (8.3/100000 for neuroepithelial tumors and 7.3/100000 for meningeal tumors). An
increased incidence of overall CNS tumors was observed from 2000 to 2012 (APC = + 2.7%; 95%-confidence interval
(CN): 1.8-3.7). This trend was mainly explained by an increase in the incidence of meningiomas over the period

(APC =+ 5.4%, 95%-Cl: 3.8-7.0). The increased incidence rate of CNS tumors was more pronounced in female and in
older patients even though the incidence rate increased in all age groups.

Conclusions: Part of the temporal variation may be attributed to improvement in registration, diagnosis and
clinical practices but also to changes in potential risk factors. Thus, etiological studies on CNS tumors are needed to

Keywords: Central nervous system neoplasms, Epidemiology, Incidence, Cancer registry, Trends, Meningiomas

Background

Primary CNS tumors are a complex heterogeneous
group of benign and malignant tumors, with more than
100 histologic subtypes of tumors from the brain to the
spinal cord [1]. Compared to other sites of cancer, CNS
tumors are rare in adults but they represent the second
cause of cancer mortality in individuals aged <19 years
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[2]. Estimating the burden of CNS tumors in the popula-
tion requires considering heterogeneity in the trends ac-
cording to histology, gender and age. From the 1970s to
early 1990s, trends - generally described overall or only
for gliomas - consistently showed an increase in the inci-
dence rate in developed countries [3-9], especially in the
elderly [10-12] and children [13-17]. Although the rea-
son for this increase was debated, one explanation was
that the ability to diagnose CNS tumors improved sig-
nificantly after the introduction of computerized tomog-
raphy scanning in the 1970s and magnetic resonance
imaging in the early 1980s [7, 18]. A better registration
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of non-malignant CNS tumors and an improvement in
clinical practice could have also contributed to this trend
[19, 20]. Since the end of the 1990s, some registries re-
ported continuous increase [4, 9, 21] but others tended
to show that the incidence rate may be levelling off [14,
22] and may even decline [3, 5, 23—-25]. Differences in
the observations could also be explained by heterogen-
eity in the types of tumors or characteristics of the pop-
ulations under study [26]. Indeed, recent data confirmed
contrasted patterns of incidence trends for specific types
of tumors and in specific age groups. On the 2000-2010
period in the US, the Central Brain Tumor Registry
(CBTRUS) observed an increase in nonmalignant CNS
tumors [27] since the Benign Brain Tumor Cancer
Registries Amendment Act that made their collection
mandatory [28]. The CBTRUS also observed an increase
in malignant CNS tumors in children and adolescents,
whereas no significant increase was seen in the whole
population [27]. In the specific CNS tumor registry, op-
erated in a French department (Gironde) in 1999, an in-
crease in meningioma incidence rate on the 2000-2007
period was seen (Annual Percent Change (APC) + 5.4%), and
also in neuro-epithelial tumors from 2003 (APC: +7.5%)
[21]. In the Nordic countries (Denmark, Finland, Norway,
and Sweden), the incidence rate of glioma increased
among those aged 60-79 years from 1974 to 2003,
and after early 1990’s the incidence rate of meningi-
oma increased among female, driven by the 60-
79 year age group [22]. However, the incidence rate
of childhood CNS tumors remained stable during
1985-2006 [29]. The UK cancer registries observed
an increase in the incidence rate of CNS tumors from
1979 to 1992, mainly seen in the young (0-24 years)
and the elderly (65-84 years), with different patterns of
trends for specific types of tumors: meningiomas in-
creased in those 25—-84 years of age and pilocytic astrocy-
tomas increased in the 0—24 years age group [10].

The aim of the present study was to provide a de-
scriptive trend analysis of CNS tumor incidence rate
from the Gironde CNS tumor registry, over the
period 2000-2012 according to sex, age-group and
main histologic subtypes.

Methods

Data collection

The French network of cancer registries has been previ-
ously described [21]. A cancer registry specifically
collecting data about primary tumors of the CNS is
based in Gironde, a department located in southwestern
France. With an area of 9975 km?, it’s the largest French
department. The population was estimated in 2012 to be
1,483,712 inhabitants (including 257,155 children and
92,327 adolescents). The sex ratio M/F was 0.92 and
about 78% of the population lives in urban area (with a

Page 2 of 13

ratio urban/rural = 3.56). All neurosurgical activity was
based in Bordeaux where the registry is located and no
adjacent department had a neurosurgical institution.
Expertise in pathology was mainly located in the University
Teaching Hospital, which was the regional center of refer-
ence for public and private laboratories. Twenty-nine CT
and 30 MRI machines are now available in the Gironde
area, installed in the 1980s in the largest health centers.
Patients from Gironde with suspected CNS tumors are un-
likely to be referred outside the area, as the regional neuro-
sciences center is based in Bordeaux.

From May 1999, all patients who lived in the depart-
ment of Gironde in whom any new primary tumor of
the CNS was diagnosed, whether symptomatic or
asymptomatic, benign or malignant were prospectively
registered. Spinal tumors were included. We excluded
pituitary tumors, tumors associated with AIDS, recur-
rence of tumors, and metastatic tumors. No case was
obtained from autopsy or from a death certificate only.
Collection of the data is exhaustive because of the col-
laboration of a work group comprising practitioners
(neurosurgeons, neuropathologists, medical oncologists,
radiotherapists, neurologists, etc) involved in the diagno-
sis and therapeutic management of patients. To identify
eligible cases and minimize the number of cases that
may have been missed, multiple overlapping sources
were used: (1) clinical reports obtained through registra-
tion forms filled in by practitioners, (2) extractions from
the French National Hospital Database (PMSI) for relevant
discharge data, (3) neuropatholology reports, (4) requests to
the French Health Insurance Organization (Affections de
Longue Durée) for free health treatment for CNS tumors,
(5) death certificates, and (6) other cancer registries (The
French National Registry of Childhood Solid Tumours and
the Gironde Registry of Hematopoietic Malignancies).

Medical data were individually reviewed to ensure that
the diagnoses were eligible, to check for the diagnosis
date (from April 1999), and to fill in exclusion criteria.
All duplicate cases were thoroughly searched and
excluded. To ensure completeness, a periodic review of
archives and pathology records was performed in the
relevant departments and laboratories. Diagnosis was
based on clinical and radiological data with or without
histological confirmation. Whenever a surgical specimen
was available for neuropathological analysis, the slides
were systematically reviewed by a pathologist not in-
volved in the initial diagnosis. When biopsy or surgical
resection of the tumor was not possible, a monthly as-
sessment was made by experienced neuroradiologists,
neurosurgeons and radiotherapists to ascertain the
diagnosis.

The following parameters were systematically recorded:
date of birth, sex, postal code of usual residence, date of
diagnosis, topography, and tumor histological subtype and
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grade. The usual residence corresponded to the address of
cases at time of initial diagnosis of the tumor.

Classification

Tumors were classified by grouping five-digit histology
codes from the International Classification of Diseases
for Oncology, third edition, into broad histology sub-
groups based on the recommendations from the 2000
Consensus Conference on Brain Tumor Definition for
Registration [30].

Statistical analyses

Overall, age- (five-year age groups) and sex-specific
crude incidence rates (IR) were calculated per 100,000
inhabitants and per year. Population estimates by gender
and calendar year were supplied by the Institut National
de la Statistique et des Etudes Economiques (INSEE)
(http://www.insee.fr/fr/bases-de-donnees/default.asp?pa-
ge=recensement.htm). The study population was divided
into children, adolescents and young adults (0—24 years),
middle aged adults (25-49 years and 50—64 years separ-
ately), and elderly persons (65-80 years and >80 years
separately). Rates were presented according to the rural/
urban status assigned to the place of usual residence at
time of initial diagnosis, obtained from the INSEE urban
zoning classification (https://www.insee.fr/fr/informa-
tion/2115011). Incidence rates were standardized on the
2000 US Standard Population [31], the Segi World
Standard Population [32] and the Scandinavian “Euro-
pean” Standard Population [33] using the direct method
of analysis to allow comparisons with other cancer regis-
tries. The annual age-standardized incidence rates (per
100,000) were calculated globally and separately for male
and female.

For trends, a piecewise log linear model with constant
variance and uncorrelated errors was run, using Join-
point software (version 3.4.2) available on the Surveil-
lance, Epidemiology and End Results (SEER)*Stat pages
on the US National Cancer Institute website (https://
surveillance.cancer.gov/joinpoint). The method imple-
mented in the software allows choosing the number
and the locations of joinpoints and testing whether an
apparent change in trend is statistically significant. The
test of significance uses a MonteCarlo permutation
method. We considered two jointpoints because the
number of data points was 13. The date of onset was
aggregated into calendar years. We characterized trends
in age and sex-standardized incidence rates using the
French National census 2000-2012 by estimating APCs
with 95% Cls. P<0.05 was considered statistically sig-
nificant. All tests were two-sided. Here we present data
collected from January 2000 to December 2012.
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Results

General characteristics

A total number of 3515 new primary CNS tumors was
registered from 2000 to 2012, among the 1,483,712 in-
habitants of Gironde, corresponding to a crude inci-
dence rate of 19/100000 person-years, which was
unchanged when standardizing on the French popula-
tion (National census). To enable international compari-
sons, age-standardized incidence rates were calculated
using the European Standard Population (Scandinavian,
1960) [33], the 2000 US Standard Population [31] and
the World Standard Population (Segi’s, 1960) [32].
The age-standardized incidence rates of overall CNS
tumors were 17/100000 (Europe), 17/100000 (US),
and 13/100000 (World). Overall, 2706 tumors (77%) were
histologically confirmed (from 63% for meningeal tu-
mors to 89% for neuroepithelial tumors). Regarding
the topography, most of the tumors were supratentor-
ial (38.5%), 35.2% were meningeal, 14.9% were intra-
cranial and intraspinal, 5.5% were unspecified, 4.2%
were infratentorial and 1.7% were ventricular (data
not tabulated).

Incidence by sex, histological subtypes and malignancy
status

The crude and age-standardized incidence rates of CNS
tumors are presented in Table 1 by sex, histological sub-
types and malignancy status. The crude incidence of
CNS tumors was higher in female (21/100000) than in
male (18/100000). Neuroepithelial tumors were the most
frequent histological subtype of CNS tumors in this
registry (n = 1496, 42.6%), followed by meningeal tumors
(37.6%), tumors of the cranial and spinal nerves (12.0%),
other tumors (4.6%) and lymphomas (3.3%). Histological
subtypes are presented in more detail in Table 2. The
most frequent subtypes of neuroepithelial tumors were
glioblastomas (26.9% of CNS tumors) and mixed gliomas
(2.8%). The histological subtypes of CNS tumors differed
by sex: 55.2% of CNS tumors in male were neuroepithe-
lial tumors whereas 49.0% of CNS tumors in female
were meningeal tumors. The distribution and standard-
ized incidence rates by age, sex and histological subtype
are presented in Additional file 1: Table S1. In this CNS
tumor registry, malignant tumors (44%) were less rep-
resented than non-malignant tumors (56%) and this
differed by sex and histological subtypes. Malignant
tumors were more frequent in male (56%) than in fe-
male (35%). Neuroepithelial tumors, cranial and spinal
nerves tumors and lymphomas were mainly malignant
tumors (91%, 99% and 100% respectively) and 98% of
meningeal tumors were non-malignant tumors. Other
tumors that combined different and rare histological
subtypes included 73% of non-malignant tumors (data
not shown).
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Table 1 Crude and age-standardized incidence rate of primary CNS tumors according to sex, histological subtype and malignancy

status®
n % Crude IR/100,000 Standardized IR/100000
Europe us World

Men 1526 18 16 16 13
Malignancy status

Malignant (/3) 860 56 99 9.1 9.2 7.3

Non-malignant (/1, /0) 666 44 77 72 72 59
Histological subtype

Neuroepithelial tumors 843 552 9.7 9.1 9.1 73

Meningeal tumors 346 22.7 40 35 37 2.5

Cranial and spinal nerve tumors 208 13.6 24 23 2.2 1.8

Lymphomas 57 37 0.66 0.58 0.58 0.38

Other tumors 72 4.7 083 0.77 0.82 0.72
Female 1989 21 17 17 14
Malignancy status

Malignant (/3) 688 35 73 59 59 4.6

Non-malignant (/1, /0) 1301 65 14 12 12 9.1
Histological subtype

Neuroepithelial tumors 653 328 6.9 58 58 49

Meningeal tumors 975 490 104 84 84 6.5

Cranial and spinal nerve tumors 214 10.8 23 2.1 20 1.7

Lymphomas 58 29 0.62 045 047 0.35

Other tumors 89 45 0.94 0.72 0.77 0.68
All 3515 19 17 17 13
Malignancy status

Malignant (/3) 1548 44 8.6 74 74 59

Non-malignant (/1, /0) 1967 56 1" 95 96 76
Histological subtype

Neuroepithelial tumors 1496 425 83 74 73 6.1

Meningeal tumors 1321 376 7.3 6.1 6.2 45

Cranial and spinal nerve tumors 422 120 23 2.2 2.1 1.8

Lymphomas 115 33 0.64 0.51 0.52 0.37

Other tumors 161 46 0.89 0.75 0.80 0.70

“Pituitary tumors, tumors associated with AIDS, recurrence of tumors, and metastatic tumors were not included in the registry

Incidence rates by age and sex

Crude incidence rates of CNS tumors are presented by
age and sex in Fig. 1. The incidence rate was 5.5/100000
in children less than 5 years, and ranged from to 3.4 to
5.0/100000 person-years in children aged 5-19 years.
From 20 to 34 years of age, the incidence rate slightly
increased from 5.1 to 9.8/100000. The incidence rate
exceeded 10/100000 after 40 years, 25/100000 after
50, 35/100000 after 55, 45/100000 after 65, and finally
culminated around 50/100000 after 70. Before 40 years
of age, the incidence rate was higher in male than in
female, then the opposite was observed until 80 years.

Histological subtypes by age and sex

The distribution of histological subtypes varied consider-
ably according to age groups and sex (Fig. 2, Additional
file 1: Table S1). In children, adolescents and young adults
(0—24 years), neuroepithelial tumors were the tumors the
most represented (IR =3.2/100000) with a higher rate in
boys than in girls (3.9 vs 2.5/100000), the incidence rate of
meningeal tumors and tumors of the cranial and spinal
nerves were 0.41/100000 and 0.30/100000, respectively,
both with higher rates in girls than in boys. In this age
group, the incidence rate of other tumors such as cranio-
pharyngiomas, germ cell tumors and unclassified tumors
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Fig. 1 Crude incidence rates of central nervous system tumors by age and sex, Gironde CNS tumor registry, 2000-2012

was 0.57/100000 and the incidence rate of lymphomas
was 0.04/100000 (0.07 in girls, no tumor registered in
boys). In adults between 25 and 49 years, the incidence
rate of neuroepithelial tumors was 4.4/100000 (5.7 in
men, 3.2 in female) and that of meningeal tumors
was 4.1/100000 (2.1 in men, 6.1 in female). The inci-
dence rate of cranial and spinal nerve tumors was
higher in male than in female (2.7/100000 vs 2.1).
The incidence rates of all other types were less than
1/100000. In 50—64 years, the incidence rate of neuro-
epithelial tumors was similar to that of meningeal tumors
(13.2/ 100,000 and 13.5/100000), the incidence rate of

tumors of the cranial and spinal nerves were higher in
male (5.0/100000) and female (4.5/100000) than in the
previous age group. In persons aged 65-79 years, the
incidence rate of neuroepithelial tumors was 22/100000
(27 in male, 18 in female) and that of meningeal tumors
was 18/100000 (9.9 in male, 24 in female). The incidence
rate of lymphomas was higher than in other age groups
(2.3/100000 in male, 2.4 in female). In subjects aged
80 years and older, meningeal tumors were the most fre-
quent type of CNS tumors (incidence rate = 25/100000)
(26 in female, 21 in male), followed by neuroepithelial
tumors (17/100000) and other tumors (4.3/100000).
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Fig. 2 Distribution of main histological subtypes of central nervous system tumors by sex and age, Gironde CNS tumor registry, 20002012

0 Men 100

%




Pouchieu et al. BMC Cancer (2018) 18:653

Page 8 of 13

Table 3 Annual percent change in age and sex-standardized incidence rates of primary CNS tumors (reference: French National
Census 2000-2012) according to sex, age, histology, malignancy status and urban/rural place of residence, Gironde CNS registry,

2000-2012
n period APC 95% Cl, APC Trend P-value
All CNS Tumors® 3515 2000-2012 +27 (+18+37) <0.0001
Sex
Male 1526 2000-2012 +18 (+03;,+33) 0.006
Female 1989 2000-2012 +36 (+22;+50) <0.0001
Age
0-24y 254 2000-2012 +06 (=25, +398) 0.7
25-49y 730 2000-2012 +12 (=09 +34) 02
50-64y 1088 2000-2012 +12 (—06;+3.1) 0.2
65-79y 1000 2000-2012 +30 (+08,+52) 0.002
80y and over® 443 2000-2002 +62 (+27;,+108) <0.0001
2002-2012 +14 (=24, +54) 04
Place of residence
Urban 2835 2000-2012 +24 (+16,+32) <0.0001
Rural 680 2000-2012 +4.0 (+14 +68) 0.0008
Histological confirmation
Yes 2706 2000-2012 +2.1 +1.1;,+32) <0.0001
No 809 2000-2012 +48 (+28;+69) <0.0001
Malignant tumors(/3) 1548 2000-2012 +13 (—0.20; +2.8) 0.06
Sex
Male 860 2000-2012 +0.99 (—0.82;+28) 0.2
Female 688 2000-2012 +17 (-042; +39) 0.1
Age
0-24y 122 2000-2012 +0.90 (—35,+55) 0.6
25-49y 268 2000-2012 -12 (=59,+37) 0.6
50-64y 457 2000-2012 +14 (=13,4+42) 02
65-79y 513 2000-2012 +13 (-14; +4.0) 0.3
80 y and over 188 2000-2012 +20 (-4.0; +84) 0.5
Non-malignant tumors (/1, /0) 967 2000-2012 +4.0 (+27-+523) <0.0001
Sex
Male 666 2000-2012 +3.1 (+035;,+58) 0.01
Female 1301 2000-2012 +46 (+26;,+6.7) <0.0001
Age
0-24y 132 2000-2012 +0.53 (=3.3; +4.5) 0.8
25-49 y 462 2000-2012 +28 (+035;,+53) 0.01
50-64y 631 2000-2012 +13 (-1.3;+39) 03
65-79y 487 2000-2012 +48 (+23,+74) <0.0001
80y and over® 255 2000-2002 +103 (+5.1;, +292) 0.01
2002-2012 +45 (-0.70; +10) 0.05
Neuroepithelial tumors 1496 2000-2012 +15 (-0.34; +3.5) 0.1
Sex
Male 843 2000-2012 +15 (-0.64; +3.6) 0.1
Female 653 2000-2012 +16 (-0.54; +39) 0.1
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Table 3 Annual percent change in age and sex-standardized incidence rates of primary CNS tumors (reference: French National
Census 2000-2012) according to sex, age, histology, malignancy status and urban/rural place of residence, Gironde CNS registry,

2000-2012 (Continued)

n period APC 95% Cl, APC Trend P-value

Age

0-24y 179 2000-2012 +13 (3.8, +6.6) 06

25-49y 278 2000-2012 =11 (=59, +4.0) 06

50-64 y 430 2000-2012 +16 (-0.95; +4.2) 02

65-79y 458 2000-2012 +15 (1.5, +4.6) 03

80 y and over 151 2000-2012 +37 (=19, +97) 0.1

Meningeal tumors 1321 2000-2012 +54 (+38;+7.0) < 0.0001

Sex

Male 346 2000-2012 +6.1 (+082,+11) 0.01

Female 975 2000-2012 +56 (+34,+78) <0.0001
Age

0-24y 24 2000-2012

25-49y 258 2000-2012 +4.2 (+0.75 +78) 0.007

50-64 y 445 2000-2012 +15 (=11, +42) 02

65-79y 375 2000-2012 +58 (+25;+9.2) < 0.0001

80 y and over 219 2000-2012 +11 (+51,+17) < 0.0001

Other histological subtypes

Cranial and spinal nerve tumors 422 2000-2012 +0.68 (=0.75; + 2.1) 03

Lymphomas 115 2000-2012 +36 (=35, +11) 03

Other tumors® 161 2000-2012 -12 (—6.6; +4.5) 06

Cl confidence interval, APC annual percent change

?Pituitary tumors, tumors associated with AIDS, recurrence of tumors, and metastatic tumors were not included in the registry
PThe joinpoint analysis identified two trends for individuals 80 years and over: 2000-2002 and 2002-2012
“Other tumors included germ cell tumors, tumors of the sellar region and unclassified tumors

Trends over the 13-year period

All CNS tumors

From 2000 to 2012, the APC for overall CNS tumors
was +2.7% and was statistically significant (p <0.0001)
(Table 3). The increase of the age-standardized incidence
rates (using the French National Census as reference
population) was higher in female (+3.6%, p<0.0001)
than in male (+1.8%, p=0.006). The IRs in the age
groups younger than 65 years were quite higher during
the period. An increase in incidence rate was observed
in all age groups (Fig. 3a), but significant only in the 65
to 79-year-old age group on the whole period (+ 3.0%,
p =0.002). The changes in the rates over the period
did not appear to be related to the usual place of
residence at the time of diagnosis, as the APC was similar
in urban (+2.4%) and rural (+4.0%) settings, nor to the
rate of histological confirmation, as the annual increase
was observed in tumors both with (+2.1%, p < 0.0001) and
without (+ 4.8%, p < 0.0001) histological confirmation.

According to malignancy status and histological subtypes
No time trend was found for malignant CNS tumor but an
increase in non-malignant tumors was observed (+4.0%),

slightly higher in female (+4.6%, p <0.0001) than in male
(+3.1%, p = 0.01) and specifically in patients aged 65—79 years
(+ 4.8, p < 0.0001).

A non-significant increase was found for neuroepi-
thelial tumors (+ 1.5%) (Fig. 3), similar in both sexes
(+1.5% in men, + 1.6% in female), observed in all age
groups (except the 25-49 years), and slightly more
pronounced in individuals 80 years and over (APC: +
3.7, p=0.15). A more pronounced increase was
observed for meningeal tumors, with an APC of +
5.4% for the whole period, which was statistically
significant (p < 0.0001). This trend was slightly higher
in male (+6.1%, p=0.01) than in female (+5.6%,
p <0.0001), existed for all age groups except those
50-64 years old but tended to be higher in elderly:
the APC was +4.2% in the 25 to 49 year old group, +
5.8 in the 65 to 79 year age group and reached + 11%
in the group 80 years and older (p =0.007, p < 0.0001,
p <0.0001 respectively). No time trend was found for
cranial and spinal nerve tumors and unstable results
were obtained for lymphomas and other tumors
owing to the limited number of cases over the 13 years
period.
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Discussion

The Gironde CNS Tumor Registry that reports all histo-
logical subtypes, including benign and malignant tu-
mors, provides reliable data on CNS tumor incidence
rate in the southwestern area of France with the longest
period of follow-up available for specific types of tumors
such as meningioma. The incidence rate of overall CNS
tumors was 19/100000 person-years on the period
2000-2012 and the age-standardized rates were 17, 17
and 13/100000 using the European Standard Population
(Scandinavian 1960), the 2000 US Standard Population
and the World Standard Population (Segi, 1960),
respectively, which was higher than observed in other
cancer registries [9, 23, 34—41]. The distribution of age
groups was quite similar between the US and the
European standard populations explaining similar rates.
However, the lowest rate was observed standardizing on
the World Standard Population since this population was
younger than other standards (40% was aged <20 years
and 11% was aged 260 years in the World standard vs
29% and 16% in others standards). Large geographical and
temporal variations have been observed in the incidence
rate of CNS tumors ranging from 5.9 to 21/100000 ac-
cording to cancer registries, due to the limitations and
heterogeneity of registration procedures. However, few
data has been published over a comparable period and
mainly focused on malignant CNS tumors, which makes
comparisons difficult. For malignant tumors, the CBTRUS
found a 8.9/100000 incidence rate standardized on the
2000 US standard population [27] and the New Zealand
Cancer Registry observed a 6.7/100000 incidence rate
standardized on the WHO standard population [25],
which were comparable to the rates we found in Gironde
when focusing on malignant CNS tumors (7.4/100000
when standardized on the 2000 US standard population).
The most comparable data derived from the Austrian Brain

Tumor Registry, which found an age-standardized inci-
dence rate (US) of 18/100000, corresponding to 16/100000
when excluding tumors of the sellar region [34]. Concern-
ing meningioma, the incidence rate standardized on the
2000 US standard population was slightly lower to that
found by the SEER Program (6.2 in Gironde vs 7.6/100000
in the US) [42].

The global characteristics of CNS tumors included in
the Gironde Tumor Registry were consistent with most
other studies [9, 26, 43, 44]. The incidence rate of overall
CNS tumors increased dramatically with age, neuroepi-
thelial tumors were the histological subtype the most
represented in male whereas meningeal tumors were the
most represented in female.

From 2000 to 2012, we observed an increase in the in-
cidence rate of CNS tumors (APC =2.7%), which was
explained mainly by an increase in the incidence rate of
meningioma over the period (APC = + 5.4%). The overall
increase in the incidence rate of CNS tumors was more
pronounced in female and in elderly persons. Other
authors have found an overall increase in CNS tumors,
especially in older ages even if they did not detect clear
changes in specific subgroups [9, 10, 22, 39]. In the eld-
erly, the overall increase may be attributed to the in-
crease of meningioma incidence rate over the entire
period (+ 11%, p <0.0001). We can notice that this rising
trend in meningioma is outstanding compared to other
publications, which may be partly explained by the
willingness of clinicians to pursue a diagnosis in older
patients. This result is in line with the finding that the
incidence rate of meningioma increased 3.9-fold from
1943 to 1997 in Denmark [45]. Arora observed that the
incidence rate of meningioma significantly increased in
England for the period 1979-2003 with the highest in-
creases in those 65-84 years (+2.9%) [10]. Dolecek has
also found a 3.8 increase in benign meningioma in
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elderly persons >75 years in the United States from 2004
to 2011 [42].

The temporal trend we observed may have several ex-
planations: improvement in tumor registration, diagnosis
and clinical practice although no significant change in
the registration procedure or in access to imagery tech-
nologies was observed during this period. The indication
of surgical procedures has changed over time. As more
patients undergo surgery, the number of histological
confirmation increases. However, this should have a
minimal impact in our study as there was an increased
incidence rate in tumors both with and without histo-
logical confirmation, which was twice as higher for
tumors without histological confirmation (APC=+2.1
and + 4.8, respectively). However, we cannot rule out
that the use of three new sources of tumor registration
from 2005 to 2007 may contribute to this rising trend al-
though this is unlikely to explain the difference between
sex and histological subtypes.

Even if the role of environmental risk factors (pesti-
cides, electromagnetic fields) was not well-established,
changes in potential risk factors may also be responsible
for this temporal trend. With about 135,000 ha of vine-
yards and 28,000 individuals involved in wine-growing
in the department, it cannot be excluded that these find-
ings may be explained by environmental risk factors,
notably by the potential role of pesticides that are largely
used in vineyards. Indeed, a case-control study conducted
in Gironde found that a high level of occupational expos-
ure to pesticides might be associated with an excess risk
of brain tumors, especially of gliomas [46]. The last
20 years, the prevalence of obesity in France have been in-
creasing steadily, including in the South-West area [47].
Recently, a meta-analysis of 12 cohorts and case-control
studies found that overweight and obesity have been asso-
ciated with increased risk of meningiomas [48]. Thus, we
cannot exclude that the body mass index may partly con-
tribute to the increasing trend in meningioma incidence
rate. In addition, mobile phones were introduced in the
1980’s and became widespread by the early 1990s. There
is growing concern that the exposure to mobile phone use
might increase the risk of CNS tumors. In 2013, the
International Agency for Research on Cancer (IARC) clas-
sified radiofrequencies generated by mobile phones as
possible human carcinogens on the basis of epidemio-
logical data that showed an increased risk of gliomas [49].
The predominance of meningioma for female also sug-
gests a potential role of hormonal factors. Indeed, higher
incidence rate of meningioma has been observed in female
of reproductive age, in tumor expression of hormone re-
ceptors, and changes in the size of meningioma during
pregnancy, the menstrual cycle and menopause [50].
However, apart from ionizing radiation that has been clas-
sified as an agent with sufficient evidence of
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carcinogenicity in humans for cancers of the brain and
CNS (Group 1) by the IARC [51], the role of these factors
remain unresolved and further investigation is needed.

Conclusions

Although the incidence rate of CNS tumors has tended
to level off in some countries, we highlighted an overall
increase in CNS tumor incidence rate in the French de-
partment of Gironde, during a recent 13 years period
(2000-2012), especially for meningiomas. The present
analysis also pointed at several patterns of incidence
trends for CNS tumors, according to histological sub-
types, sex and age groups, suggesting potential changes
in lifestyle, environmental or occupational risk factors of
CNS tumors. The increase in meningioma over the
period was in line with recent findings from other
studies. Consistently, the overall increase was more
pronounced in female and in elderly persons but the rea-
sons for the trends remain unclear. Thus, etiological
studies which aims at elucidating the potential role of
environmental and occupational exposures (including
pesticides and electromagnetic fields) on brain tumors
are needed to clarify this rising trend.

Additional file

Additional file 1: Table S1. Distribution and standardized incidence
rates (reference populations Europe, US, world) by age, sex and
histological type, Gironde CNS registry, 2000-2012. (DOCX 18 kb)

Abbreviations

APC: annual percent change; CBTRUS: Central Brain Tumor Registry of the
United-States; CNS: central nervous system; IARC: International Agency for
Research on Cancer; INSEE: Institut National de la Statistique et des Etudes
Economiques; PMSI: Programme de médicalisation des systemes
d'information; SEER: Surveillance, Epidemiology and End Results

Acknowledgements

The authors thank all those who contributed to the recording of data in the
Gironde CNS tumor registry, most particularly the clinicians, the laboratory of
anatomy and pathology, the departments of medical information of the
public and private hospitals and the French Health Insurance Organization.

Funding
The Gironde CNS tumor registry was funded by the Institut de Veille
Sanitaire and the Institut National du Cancer.

Availability of data and materials

The datasets analysed during the current study are not publicly available due
to patient confidentiality reasons but are available from the corresponding
author on reasonable request.

Authors’ contributions

The study was planned by IB, HL and CP. EB extracted the data. CP and AG
performed statistical analysis after discussions with 1B and HL and the input
of the authors. CP, PMé, PMo, AH, J-RV, AV, HL, IB authors contributed to the
interpretation and pointed out issues for discussion. CP wrote a draft of the
manuscript, which was reviewed by AG, PMé, PMo, AH, J-RV, AV, HL, IB and
underwent several versions of changes. All authors approved the final
version of this manuscript.


https://doi.org/10.1186/s12885-018-4545-9

Pouchieu et al. BMC Cancer (2018) 18:653

Ethics approval and consent to participate

The research presented in this paper is based on data from the Gironde
registry of central nervous system tumors that was approved by the French
data protection authority (Commission Nationale de I'lnformatique et des
Libertés; number: 900044). This research dos not require any additional
approval or consents.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details

'Equipe EPICENE, Centre INSERM U1219-Bordeaux Population Health Center,
Université de Bordeaux, Bordeaux, France. “CHU de Bordeaux, Service de
médecine du travail, Bordeaux, France. *CHU de Bordeaux, Service de
neuro-imagerie diagnostique et thérapeutique, Bordeauy, France. *CHU de
Bordeaux, Service de neurochirurgie, Bordeaux, France. °CHU de Bordeaux,
Service de radiothérapie, Bordeaux, France. °CHU de Bordeauy, Laboratoire
de neuropathologie, Bordeaux, France. /CHU de Bordeaus, Service de
neurochirurgie B, Bordeaux, France.

Received: 19 October 2016 Accepted: 22 May 2018
Published online: 14 June 2018

References

1. Fritz A, Percy C, Jack A, Shanmugaratnam K, Sobin L, Parkin D, et al.
International classification of diseases for oncology. 3rd ed. Geneva:
Organization; 2000.

2. Johnson KJ, Cullen J, Barnholtz-Sloan JS, Ostrom QT, Langer CE, Turner MC,
et al. Childhood brain tumor epidemiology: a brain tumor epidemiology
consortium review. Cancer Epidemiol Biomark Prev. 2014;23:2716-36.

3. Deorah S, Lynch CF, Sibenaller ZA, Ryken TC. Trends in brain cancer
incidence and survival in the United States: surveillance, epidemiology, and
end results program, 1973 to 2001. Neurosurg Focus. 2006,20:E1.

4. Ho VKY, Reijneveld JC, Enting RH, Bienfait HP, Robe P, Baumert BG, et al.
Changing incidence and improved survival of gliomas. Eur J Cancer Oxf
Engl 1990. 2014;50:2309-18.

5. Nomura E, loka A, Tsukuma H. Trends in the incidence of primary
intracranial tumors in Osaka, Japan. Jon J Clin Oncol. 2011;41:291-4.

6. Hess KR, Broglio KR, Bondy ML. Adult glioma incidence trends in the United
States, 1977-2000. Cancer. 2004;101:2293-9.

7. Jukich PJ, McCarthy BJ, Surawicz TS, Freels S, Davis FG. Trends in
incidence of primary brain tumors in the United States, 1985-1994.
Neuro-Oncol. 2001;3:141-51.

8. Smith MA, Freidlin B, Ries LA, Simon R. Trends in reported incidence of
primary malignant brain tumors in children in the United States. J Natl
Cancer Inst. 1998;,90:1269-77.

9. Caldarella A, Crocetti E, Paci E. Is the incidence of brain tumors really
increasing? A population-based analysis from a cancer registry. J Neuro-
Oncol. 2011;104:589-94.

10.  Arora RS, Alston RD, Eden TOB, Estlin EJ, Moran A, Geraci M, et al. Are
reported increases in incidence of primary CNS tumours real? An analysis of
longitudinal trends in England, 1979-2003. Eur J Cancer Oxf Engl 1990.
2010;46:1607-16.

11, Legler JM, Ries LA, Smith MA, Warren JL, Heineman EF, Kaplan RS, et al.
Cancer surveillance series [corrected]: brain and other central nervous
system cancers: recent trends in incidence and mortality. J Natl Cancer Inst.
1999;91:1382-90.

12. Fleury A, Menegoz F, Grosclaude P, Daures JP, Henry-Amar M, Raverdy N,
et al. Descriptive epidemiology of cerebral gliomas in France. Cancer. 1997;
79:1195-202.

13. Patel S, Bhatnagar A, Wear C, Osiro S, Gabriel A, Kimball D, et al. Are
pediatric brain tumors on the rise in the USA? Significant incidence and
survival findings from the SEER database analysis. Childs Nerv Syst ChNS Off
J Int Soc Pediatr Neurosurg. 2014;30:147-54.

14.  McKean-Cowdin R, Razavi P, Barrington-Trimis J, Baldwin RT, Asgharzadeh S,
Cockburn M, et al. Trends in childhood brain tumor incidence, 1973-2009.

J Neuro-Oncol. 2013;115:153-60.

20.

22.

23.

24,

25.

26.

27.

28.

29.

30.

32.

33.

34.

35.

36.

37.

38.

Page 12 of 13

Hjalmars U, Kulldorff M, Wahlqvist Y, Lannering B. Increased incidence rates but
no space-time clustering of childhood astrocytoma in Sweden, 1973-1992: a
population-based study of pediatric brain tumors. Cancer. 1999,85:2077-90.
Johannesen TB, Angell-Andersen E, Tretli S, Langmark F, Lote K. Trends
in incidence of brain and central nervous system tumors in Norway,
1970-1999. Neuroepidemiology. 2004;23:101-9.

McNally RJ, Kelsey AM, Cairns DP, Taylor GM, Eden OB, Birch JM. Temporal
increases in the incidence of childhood solid tumors seen in Northwest
England (1954-1998) are likely to be real. Cancer. 2001,92:1967-76.

Helseth A. The incidence of primary central nervous system neoplasms
before and after computerized tomography availability. J Neurosurg. 1995;
83:999-1003.

Davis FG, Malinski N, Haenszel W, Chang J, Flannery J, Gershman S, et al.
Primary brain tumor incidence rates in four United States regions, 1985-
1989: a pilot study. Neuroepidemiology. 1996;15:103-12.

Gurney JG, Wall DA, Jukich PJ, Davis FG. The contribution of nonmalignant
tumors to CNS tumor incidence rates among children in the United States.
Cancer Causes Control CCC. 1999:10:101-5.

Baldi I, Gruber A, Alioum A, Berteaud E, Lebailly P, Huchet A, et al.
Descriptive epidemiology of CNS tumors in France: results from the Gironde
registry for the period 2000-2007. Neuro-Oncol. 2011;13:1370-8.

Deltour |, Johansen C, Auvinen A, Feychting M, Klaeboe L, Schiiz J. Time
trends in brain tumor incidence rates in Denmark, Finland, Norway, and
Sweden, 1974-2003. J Natl Cancer Inst. 2009;101:1721-4.

Arora RS, Alston RD, Eden TOB, Estlin EJ, Moran A, Birch JM. Age-incidence
patterns of primary CNS tumors in children, adolescents, and adults in
England. Neuro-Oncol. 2009;11:403-13.

Lannering B, Sandstrém P-E, Holm S, Lundgren J, Pfeifer S, Samuelsson U,
et al. Classification, incidence and survival analyses of children with CNS
tumours diagnosed in Sweden 1984-2005. Acta Paediatr Oslo Nor 1992.
2009,98:1620-7.

Kim SJ-H, loannides SJ, Elwood JM. Trends in incidence of primary brain
cancer in New Zealand, 1995 to 2010. Aust N Z J Public Health. 2015;
https.//doi.org/10.1111/1753-6405.12338.

Dobes M, Shadbolt B, Khurana VG, Jain S, Smith SF, Smee R, et al. A
multicenter study of primary brain tumor incidence in Australia (2000-2008).
Neuro-Oncol. 2011;13:783-90.

Gittleman HR, Ostrom QT, Rouse CD, Dowling JA, de Blank PM, Kruchko CA,
et al. Trends in central nervous system tumor incidence relative to other
common cancers in adults, adolescents, and children in the United States,
2000 to 2010. Cancer. 2015;121:102-12.

BJ MG, Kruchko C, Dolecek TA. The impact of the Benign Brain Tumor Cancer
Registries Amendment Act (Public Law 107-260) on non-malignant brain and
central nervous system tumor incidence trends. J Regist Manag. 2013;40:32-5.
Schmidt LS, Schmiegelow K, Lahteenmaki P, Trager C, Stokland T, Grell K,
et al. Incidence of childhood central nervous system tumors in the Nordic
countries. Pediatr Blood Cancer. 2011;56:65-9.

McCarthy BJ, Surawicz T, Bruner JM, Kruchko C, Davis F. Consensus
conference on brain tumor definition for registration. November 10, 2000.
Neuro-Oncologia. 2002;4:134-45.

SEER. 2000 US standard population (Census P25-1130) [Internet]. 2000.
Available from: http://seer.cancer.gov/stdpopulations/stdpop.singleages.html
Segi M. Cancer Mortality for selected sites in 24 countries (1950-57). Sendai:
Department of Public Health, Tohoku University of Medicine; 1960.

Doll R, Cook P. Summarizing indices for comparison of cancer incidence
data. Int J Cancer. 1967;2:269-79.

Wohrer A, Waldhor T, Heinzl H, Hackl M, Feichtinger J, Gruber-Mosenbacher
U, et al. The Austrian brain tumour registry: a cooperative way to establish a
population-based brain tumour registry. J Neuro-Oncol. 2009,95:401-11.
Ostrom QT, Gittleman H, Liao P, Rouse C, Chen Y, Dowling J, et al. CBTRUS
statistical report: primary brain and central nervous system tumors
diagnosed in the United States in 2007-2011. Neuro-Oncol. 2014;16(Suppl
4)iv1-63.

Darefsky AS, Dubrow R. International variation in the incidence of adult
primary malignant neoplasms of the brain and central nervous system.
Cancer Causes Control CCC. 2009;20:1593-604.

Kuratsu J, Takeshima H, Ushio Y. Trends in the incidence of primary
intracranial tumors in Kumamoto. Japan Int J Clin Oncol. 2001,6:183-91.
Ding L-X, Wang Y-X. Increasing incidence of brain and nervous tumours in
urban Shanghai, China, 1983-2007. Asian Pac J Cancer Prev APJCP. 2011;12:
3319-22.


https://doi.org/10.1111/1753-6405.12338
http://seer.cancer.gov/stdpopulations/stdpop.singleages.html

Pouchieu et al. BMC Cancer (2018) 18:653

39.

40.

41,

42.

43.

44,

45.

46.

47.

48.

49.

50.

Etxeberria J, San Roman E, Burgui R, Guevara M, Moreno-Iribas C, Urbina MJ,
et al. Brain and central nervous system Cancer incidence in Navarre (Spain),
1973-2008 and projections for 2014. J Cancer. 2015,6:177-83.
Fuentes-Raspall R, Vilardell L, Perez-Bueno F, Joly C, Garcia-Gil M, Garcia-
Velasco A, et al. Population-based incidence and survival of central nervous
system (CNS) malignancies in Girona (Spain) 1994-2005. J Neuro-Oncol.
2011;101:117-23.

Jung K-W, Ha J, Lee SH, Won Y-J, Yoo H. An updated nationwide
epidemiology of primary brain tumors in republic of Korea. Brain Tumor Res
Treat. 2013;1:16-23.

Dolecek TA, Dressler EVM, Thakkar JP, Liu M, Al-Qaisi A, Villano JL. Epidemiology
of meningiomas post-Public Law 107-206: The Benign Brain Tumor Cancer
Registries Amendment Act. Cancer. 2015; https.//doi.org/10.1002/cncr.29379.
Brown M, Schrot R, Bauer K, Letendre D. Incidence of first primary
central nervous system tumors in California, 2001-2005. J Neuro-Oncol.
2009;94:249-61.

Nakamura H, Makino K, Yano S, Kuratsu J-I. Kumamoto brain tumor research
group. Epidemiological study of primary intracranial tumors: a regional
survey in Kumamoto prefecture in southern Japan-20-year study. Int J Clin
Oncol. 2011;16:314-21.

Christensen HC, Kosteljanetz M, Johansen C. Incidences of gliomas and
meningiomas in Denmark, 1943 to 1997. Neurosurgery. 2003;52:1327-33.
discussion 1333-1334

Provost D, Cantagrel A, Lebailly P, Jaffré A, Loyant V, Loiseau H, et al. Brain
tumours and exposure to pesticides: a case-control study in southwestern
France. Occup Environ Med. 2007,64:509-14.

Enquéte épidémiologique nationale sur le surpoids et I'obésité

Obépi 2012. [Cited 2016 Apr 25]. Available from:
http//www.rochefr/content/dam/roche_france/fr_FR/doc/obepi_2012.pdf
Niedermaier T, Behrens G, Schmid D, Schlecht |, Fischer B, Leitzmann MF.
Body mass index, physical activity, and risk of adult meningioma and
glioma: a meta-analysis. Neurol. 2015;85:1342-50.

IARC. IARC Monographs on the Evaluation of Carcinogenic Risks to Humans
Volume 102 (2013) Non-ionizing radiation, part 2: radiofrequency electromagnetic
fields. Lyon: International Agency for Research on Cancer; 2013.

Saraf S, McCarthy BJ, Villano JL. Update on meningiomas. Oncologist.
2011;16:1604-13.

IARC. lonizing Radiation, part 1: X- and gamma- radiation and neutrons.
IARC Monogr Eval Carcinog Risks Hum. 2000;75:1-492.

Page 13 of 13

Ready to submit your research? Choose BMC and benefit from:

o fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

o gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1002/cncr.29379
http://www.roche.fr/content/dam/roche_france/fr_FR/doc/obepi_2012.pdf

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Data collection
	Classification
	Statistical analyses

	Results
	General characteristics
	Incidence by sex, histological subtypes and malignancy status
	Incidence rates by age and sex
	Histological subtypes by age and sex
	Trends over the 13-year period
	All CNS tumors
	According to malignancy status and histological subtypes


	Discussion
	Conclusions
	Additional file
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Competing interests
	Publisher’s Note
	Author details
	References

