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Abstract

EUROCARE is a population-based survival study including data from European Cancer Registries. The present paper analyses
survival after a malignant neoplasm of the central nervous system (CNS) in childhood (aged 0-14 years at diagnosis). The database
includes 6130 cases from 34 population-based registries in 17 countries: 1558 were primitive neuroectodermal tumours (PNET) and
4087 astrocytoma, ependymoma or other gliomas: these morphologies were grouped in the analyses in order to reduce the diag-
nostic variability among the registries. 87% of cases were microscopically diagnosed (range among registries 71-100%) and losses
to follow-up were limited to 2% (range 0-14%). Actuarial analyses indicate that the European (weighted) average of 5 years
cumulative survival for cases diagnosed in 1978-1989 was 53% (95% confidence interval (CI) 49-57) for CNS neoplasms, 44%
(95% CI 37-50) for PNET and 60% (95% CI 55-65) for the glioma-related types. Analysis of the sub-set of cases diagnosed in
1985-1989 revealed better results: cumulative survival at 5 years was 61% (95% CI: 55-65) for all CNS neoplasms; 48% (95% CI
41-56) for PNET and 68% (95% CI 62-73) for glioma-related types. Compared with older children, infants showed poorer prog-
nosis: in 1978-1989 the 5-year survival rate was 33% (95% CI 23-45) and in 1985-1989 it was 46% (95% CI 34-59). Variability
among countries was very large, with 5-year survival for CNS tumours diagnosed in 1985-1989 ranging from 28% in Estonia (95%
CI 17-43) to 73% Sweden (95% CI 59-83) and 75% in Iceland (95% CI 35-95) and 73% in Finland (95% CI 66—79). Time trends
were studied in a multivariate analysis observing a reduction in the risk of death in periods of diagnosis 1982-1985 (hazard ratio
(HR)=0.85; 95% CI 0.78-0.93) and 1986-1989 (HR=0.70; 95% CI 0.64-0.77) compared with 1978-1981. The analysis were
extended to 1990-1992 for the countries whose registries provided data for that period did not indicate any further progress. Results
of this study confirm the large variability in European countries and indicate a positive trend in the survival probability for cases
diagnosed in the 1980s. © 2001 Elsevier Science Ltd. All rights reserved.

Keywords: CNS neoplasm; Children; Survival; Europe; Population-based cancer registries

1. Introduction mately one fifth of incident malignancies and one fourth

of cancer deaths in children [1-3]. This group of

In developed countries, primary tumours of the cen-
tral nervous system (CNS) represent the second most
frequent neoplasm and the leading cause of cancer-
related deaths in childhood. They account for approxi-
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tumours, however, cannot be considered as a single
entity as it is composed of different diagnostic cate-
gories, the largest being astrocytoma, ependymoma,
primitive neuroectodermal tumours (PNET, including
medulloblastoma) and other gliomas [2]. Intracranial
tumours account for about 90% of all CNS tumours in
children [4]. The anatomical location often precludes the
collection of biopsies and therefore in all countries the
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proportion of cases without histological confirmation
of diagnosis is larger than for the other childhood
neoplasms [2]. Given the limits in diagnosis, the majority
of childhood cancer registries accepts also intracranial
neoplasms of unknown and benign morphology [5].

The reported incidence rates of childhood CNS
tumours in European countries range from 16 per
million (Bulgaria) to 41 per million (Sweden, also the
highest in the world) [2]. Worldwide variation in inci-
dence is even much larger: the rates lower than 15 per
million children-years were reported or estimated by the
registries in South America, India, China and Africa [2].
In general, an increasing trend in incidence of CNS
tumours among children was seen during last decades,
with variable extent and timing among countries [3,6,7].
The trend is often interpreted as the result of diagnostic
changes, which are likely to explain also part of the geo-
graphical variation as are differences in reporting prac-
tices, completeness of ascertainment and classification.

Reliable population-based data on survival of chil-
dren with CNS neoplasm are available only for few
countries or regions, where a large enough population is
covered by cancer registration and survival studies [4,8—
15]. In general, children with CNS cancer do not share
the favourable prognosis of other common childhood
cancers, however, during the past 20-30 years some
improvement in survival rates has been observed. The
prognosis is mainly related to histology, behaviour, size
and location of the tumour and to the age of children:
the poorest outcome is observed for very young chil-
dren, especially in PNET and ependymomas [16].
Recent experimental and clinical studies have identified
also several molecular genetic markers related to poor
outcome in children with CNS cancers [17].

The EUROCARE centralised database — which for
children includes data from 34 population-based cancer
registries (four specialised childhood cancer registries)
from 17 countries [18,19] — now provides an opportu-
nity to study the survival after CNS neoplasm as a
whole and, with due allowance of comparability among
registries, also for the major morphological types. In the
present paper, we aim to describe the survival pattern of
children with CNS neoplasm diagnosed in Europe in
1978-1989 (with a focus on the period of 1985-1989,
corresponding to the EUROCARE II recruitment), and
explore the time trends in survival until 1992. In the
framework of the EUROCARE 1, the survival of chil-
dren affected by CNS neoplasm was analysed without
consideration of histology-defined categories [20].

2. Patients and methods
2.1. Patients

CNS neoplasms include several morphology cate-
gories, grouped according to the International Classifi-

cation of Childhood Cancer (ICCC) [5] which was
adapted for the present study to the ICD-O-I and ICD-
IX classifications which are used in most cancer regis-
tries and in the EUROCARE protocol.

This study is based on 6130 cases of CNS malignant
neoplasms diagnosed in 1978-1989 in children aged 0-
14 years and accepted in the EUROCARE database
after the quality checks; 2949 cases incident in 1985—
1989 were recruited for the EUROCARE 11 study, while
the others had been recruited for EUROCARE 1 (1978—
1984). A further 1769 cases were diagnosed in 1990-
1992, but are used only in limited analyses because not
all cancer registries contributed data after 1989. The list
of registries is presented elsewhere [19].

According to the rules set for the inclusion of cases in
the EUROCARE database, cases coded with behaviour
code of 0 (benign) were excluded, while cases with code
1 (uncertain behaviour, 3% overall) were included.

CNS neoplasms accounted for 17% of all childhood
cancer cases in the EUROCARE database. Thirty-four
registries (including four specialised childhood cancer
registries: England and Wales, Scotland, Germany and
Piedmont Region in Italy) in 17 European countries
contributed to the data set, which is one of the largest
on childhood cancer survival. The nationwide child-
hood cancer registries of England and Wales (including
data also from the Regional Cancer Registries) and
Germany (limited to West Germany in the present
study) provided the largest numbers of cases (2615 and
1313, respectively). Case collections over 100 cases were
also contributed by Denmark, Finland, Italy, Scotland,
Slovakia and Sweden. Cases for which the cause of
death is the only available information (DCO) and cases
diagnosed at autopsy are not included in the analyses
nor in the above mentioned figures. Details on the
EUROCARE database and information on the cancer
registries are presented in a separate paper [19].

Distribution by descriptive and demographic vari-
ables is presented in Table 1 and reflects what is com-
monly observed in descriptive epidemiology studies on
this neoplasm [2]: 55% of the cases of CNS neoplasm
were boys (range in registries with at least 30 cases from
41 to 64%); 71% of cases were diagnosed during the
first 10 years of age (6% diagnosed in the first year of
life). The proportion of cases with microscopic con-
firmation was 87%, with the lowest figures in Poland
(77%) and Estonia (71%): these figures are within the
range commonly observed for these neoplasms and
reflect the relative difficulty in obtaining biopsy samples.
The distribution of cases by ICCC category (Table 2)
was relatively homogeneous among countries, except
for the Swedish and Finnish registries whose data are
not coded using the ICD-O morphological codes and
could not be recoded with enough detail. The variation
appeared greater across categories related to glioma (i.e.
ICCC codes Illa, IIIb and IIId) which were grouped
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Table 1
Distribution of childhood cases of CNS malignant neoplasm diagnosed in 1978-1989 in the EUROCARE database, by country and according to
period of diagnosis, selected demographic variables and indicators of the quality of data

Country No. of Period of diagnosis  Boys Age at diagnosis (years) Microscopically Lost to Unspecified
cases confirmed follow-up behaviour
1978-1984 1985-1989 0 -4 59 10-14
n (%) n (%) n(%) (%) (%) (%) (D) (%) (%) (%) (%)
Northern Europe
Denmark 365 (6) 208 (7) 157 (5) 51 6 26 36 32 87 0 11
Finland 377 (6) 198 (6) 179 (6) 53 6 33 34 27 96 0 0
Iceland 19 (0.3) 10 (0.3) 9(0.3) 42 5 26 42 26 95 0 5
Sweden® 104 (2) 58 (2) 46 (2) 53 4 26 34 37 96 0 0
UK
England and Wales 2615 (43) 1551 (49) 1064 (36) 56 6 31 34 30 81 4
Scotland 307 (5) 188 (6) 119 (4) 49 6 30 34 30 87 3
Western and Central Europe
Austria® 3 (0.05) 0 (0) 3(0.1) 0 0 0 67 33 100 0 0
France® 70 (1) 39 (1) 31 (1) 64 7 27 44 21 79 0 0
Germany 1313 (21) 485 (15) 828 (28) 59 6 35 33 26 98 7 0
Switzerland?® 14 (0.2) 5(0.2) 9(0.3) 50 14 7 36 43 100 14 0
The Netherlands® 42 (0.7) 28 (0.9) 14 (0.5) 60 5 12 36 48 81 0 0
Southern Europe
Italy® 330 (5) 172 (5) 158 (5) 53 4 26 39 31 84 1 2
Spain® 56 (0.9) 0 (0) 56 (2) 64 4 23 38 36 89 0 2
Eastern Europe
Estonia 79 (1) 40 (1) 39 (1) 41 4 22 42 33 71 3 0
Poland® 35 (0.6) 16 (0.5) 19 (0.6) 49 6 40 23 31 77 3 9
Slovakia 366 (6) 183 (6) 183 (6) 58 5 30 38 28 88 0 1
Slovenia 35 (0.6) 0(0) 35() 60 0 29 40 31 94 0 0
Total
n 6130 3181 2949 3396 368 1882 2115 1765 5323 128 166
% 100 52 48 55 6 31 35 29 87 2 3

4 Countries with coverage lower than 20% of the childhood population.

together for survival analyses. The proportion of cases
with unspecified histology wasis in the range 0.3%
(Germany) to 29% (Estonia) among countries with at
least 10 cases. The ICCC code Illc (PNET) includes
medulloblastoma.

The follow-up was conducted by each registry
according to usual procedures, described elsewhere
[19,21]. Proportion of cases lost to follow-up was 2%,
and most registries had no such cases (Table 1). The
higher figures were reported from the German and
Swiss registries.

613 cases were located in the hemispheres (ICD-O
191.1-191.4): from those, 13% were ependymomas,
56% astrocytomas, 24% gliomas, and 2% PNET (the
remainder were cases with unspecified histology).
Among the 2534 cases with neoplasm in undertentorial
locations (ICD-O 191.6-191.7), 37% were PNET, 7%
ependymomas, 40% astrocytomas and 13% gliomas (as
above, the remaining cases had unspecified histology).

2949 cases were diagnosed in 1985-1989, the period of
recruitment for the EUROCARE II study: 761 were
PNET and 1979 were grouped in the ependymoma,
astrocytoma and glioma category; 35 were in the ‘other
specified’ and 173 in the ‘unspecified’ categories.

2.2. Statistical methods

Cumulative survival was calculated by the actuarial
method using the program by Hakulinen [22] and is
reported in percentages. Relative survival was not pre-
sented as it closely corresponds to the observed data,
given the low expected mortality in the relevant age
classes. As survival is usually dependent on age, and the
age distribution of children may be different among
countries, the age-adjusted survival rates were calcu-
lated, using the age distribution of cases of the overall
study as the standard (three classes: 0—4, 5-9 and 10-14
years). Average (European) survival was calculated as
both pooled and weighted average of the age-standard-
ised survival rates of the individual countries; weights
were proportional to the childhood population in each
country. We assumed that the survival of patients
included in the study in countries where cancer regis-
tration is not nationwide is representative of the survival
at the national level. Actuarial survival in each country
was compared with the European average by computing
the relative death rate and the corresponding 95% con-
fidence interval (95% CI) [23]. Periods used for actuarial
analyses were 1978—1989 and 1985-1989.
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Table 2

Distribution of childhood cases of CNS malignant neoplasm diagnosed in 1978-1989 in the EUROCARE database, by country and ICCC diag-

nostic category

Country ICCC diagnostic group
IIla — I11b — Ilc — IIId — glioma IIle — other IIIf —
ependymoma astrocytoma PNET other and nos specified unspecified
(%) (%) (%) (%) (%) (%)
Northern Europe
Denmark 10 44 17 7 2 20
Finland 13 0 13 65 0 9
Iceland 0 63 16 11 5 5
Sweden? S 69 22 0 5
UK
England and Wales 11 45 22 17 5
Scotland 7 47 27 14 1 4
Western and Central Europe
Austria® 0 0 33 33 0 33
France® 11 39 29 9 0 13
Germany 14 39 41 5 2 0.3
Switzerland?® 7 29 29 29 0 7
The Netherlands® 2 60 12 5 2 19
Southern Europe
Italy® 12 49 19 8 1 12
Spain?® 11 41 27 5 0 16
Eastern Europe
Estonia 9 42 18 3 0 29
Poland?® 9 29 29 3 3 29
Slovakia 10 45 26 6 1 13
Slovenia 17 43 26 6 6 3
Total
No. of cases 673 2524 1558 890 668 416
Y% 11 41 25 15 1 7

ICCC, International Classification of Childhood Cancer; nos, not otherwise specified; PNET, primitive neuroectodermal tumours; CNS, central

nervous system.

2 Countries with coverage lower than 20% of the childhood population.

Cox proportional hazard models [24] were used to
compare hazard ratios (HR) among different periods of
diagnosis or countries taking into account the different
distribution of covariates. The total calendar period was
divided into three sub-periods (1978-1981, 1982—-1985,
1986-1989); age at diagnosis was divided in three 5-year
groups (04, 5-9, 10-14 years). Testing for the pro-
portionality assumption was conducted inspecting sur-
vival curves for each variable separately. Multivariate
analyses by country were conducted including only the
countries with more than 10 cases reported between
1986 and 1989; analyses of time trend included only
countries with 30 cases or more between 1978 and 1989
(after the exclusion of the registries that did not provide
data in all three sub-periods). Analyses for the period
1990-1992 were conducted separately: these analyses
provide less stable results because the follow-up is
shorter (average 4.4 years, 23% of cases with follow-up
shorter than 3 years and 58% shorter than 5 years) and
the number of cases is smaller [19].

All analyses were conducted separately for three
diagnostic categories: all CNS malignant neoplasms,

PNET and glioma-related neoplasms (astrocytoma,
ependymoma, other gliomas).

3. Results

Univariate survival at 1 and 5 years for cases diag-
nosed in the period 1985-1989 is presented in Table 3
for the entire category of CNS malignant neoplasms
and for its two major subgroups. There was little varia-
tion between genders. A more favourable prognosis was
suggested for older children, but the difference was not
statistically significant; children with neoplasms diag-
nosed in their first year of life showed the worst prog-
nosis: for CNS neoplasms in 1978-1989 their 5-year
survival rate was 33% (95% CI 23-45) and in 1985—
1989 it was 46% (95% CI 34-59). Data for 1978-1989
are not shown in the table.

Among diagnostic subgroups, PNET always showed
the poorer prognosis with the exception of Italy. Data
for the entire period 1978-1989 are not reported sys-
tematically because of space limitations. Analyses
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Table 3

The 1- and 5-year age-standardised cumulative survival rates (CS) and corresponding 95% confidence intervals for children with of CNS malignant
neoplasm diagnosed in 1985-1989 in the EUROCARE database, according to country, gender, age group and diagnostic category®®-<

III — CNS

IIIc — PNET IIIa, IIIb, ITId — glioma-related

1 year S years

1 year 5 years 1 year 5 years

CS (95% CI)
Northern Europe

Denmark 80 (73-86) 67 (59-74)

Finland 86 (81-91) 73 (66-79)

Iceland 88 (26-99) 75 (35-95)

Sweden? 87 (74-94) 73 (59-83)
UK

England and Wales 75 (72-78) 57 (54-60)

Scotland 71 (62-78) 57 (48-66)
Western and Central Europe

France? 85 (61-96) 40 (21-62)

Germany 82 (79-84) 60 (56-63)

Switzerland® 73 (32-94) 56 (27-81)

Southern Europe

Italy< 83 (76-88) 68 (60-74)
Eastern Europe

Estonia 58 (41-73) 28 (17-43)

Poland¢ 77 (50-92) 64 (40-83)

Slovakia 71 (64-77) 50 (43-57)
Europe (weighted average) 82 (76-86) 61 (55-65)
Gender

Boys (age-adjusted) 83 (75-89) 60 (53-67)

Girls (age-adjusted) 81 (72-87) 61 (54-68)
Age at diagnosis (age-specific) (years)

0 63 (47-77) 46 (34-59)

1-4 79 (69-86) 55 (47-63)

0-4 78 (70-85) 56 (48-64)

59 82 (73-89) 60 (52-67)

10-14 87 (73-95) 68 (56-77)

CS (95% CI)

CS (95% CI)  CS (95% CI)  CS (95% CI) CS (95% CI)

58 (42-73) 40 (25-57) 85 (76-91) 72 (63-80)
78 (53-91) 52 (33-71) 90 (84-94) 79 (72-85)
e - 81 (28-98) 81 (28-98)
77 (38-95) 57 (30-81) 93 (61-99) 78 (60-89)
74 (68-80) 41 (35-48) 75 (72-78) 60 (57-64)
79 (64-89) 54 (39-69) 69 (58-78) 58 (46-68)
81 (31-98) 10 (2-41) 89 (52-98) -
82 (77-86) 52 (47-58) 81 (77-85) 66 (61-70)
- - 56 (20-86) -
94 (21-100) 88 (43-99) 87 (79-92) 73 (65-81)
41 (21-65) 21 (6-53) 64 (43-81) 38 (21-58)
- - 94 (5-100) 77 (34-95)
72(59-83) 33 (22-46) 78 (69-85) 64 (55-73)
78 (69-85) 48 (41-56) 85 (78-90) 68 (62-73)
82 (71-90) 46 (38-55) 84 (75-90) 67 (59-74)
73 (59-84) 51 (39-62) 86 (75-93) 69 (59-77)
46 (30-63) 34 (19-53) 66 (49-79) 46 (34-59)
65 (49-78) 35 (24-49) 86 (70-95) 64 (55-72)
63 (48-77) 35 (24-48) 84 (73-91) 66 (56-75)
88 (72-96) 63 (50-74) 82 (72-90) 62 (54-70)
84 (68-93) 46 (33-59) 89 (70-96) 76 (62-87)

PNET, primitive neuroectodermal tumours; CNS, central nervous system.

2 Results are rounded at the nearest unit.

® The table shows data only for the countries with enough cases for age standardisation.

¢ All countries are included in the European estimates.

d Countries with coverage lower than 20% of the childhood population.

¢ Not enough cases for age standardisation.

including the entire period 1978-1989 consistently
showed poorer results than the presented analyses rela-
tive to the period 1985-1989. For CNS neoplasms, the
weighted European estimate of the cumulative survival
at 5 years from the diagnosis was 53% (95% CI 49-57)
for cases in the entire period 1978-1989 and 61% (95%
CI 55-65) for cases incident in 1985-1989. Correspond-
ing figures for PNET were 44% (95% CI 37-50) in
1978-1989 and 48% (95% CI 41-56) in 1985-1989,
while for the glioma-related types the figures were 60%
(95% CI 55-65) and 68% (95% CI 62-73).

The range in the 5-year survival rates between coun-
tries was wide: for the entire period 1978-1989 from
26% (95% CI 18-36) in Estonia to 73% (95% CI 64—
81) in Sweden, and for 1985-1989 from 28% (95% CI
17-43) in Estonia to 75% (95% CI 35-95) in Iceland.

Country differences were further explored using multi-
variate analyses (see later).

Other morphological categories were considered only
in analyses at the European level and for the period
1985-1989: 5-year actuarial survival (age-adjusted and
weighted) was 75% (95% CI 67-81) for astrocytoma
and 55% (95% CI 44-65) for ependymoma.

Table 4 shows the Relative Death Rates with respect
to the European average for the period of 1985-1989.
For CNS neoplasms, the range of variation in countries
with at least 10 cases was between 0.63 (Sweden 95% CI
0.28-0.98 and Finland 95% CI 0.43-0.83) and 2.53
(Estonia 95% CI 1.51-3.55).

Table 5 presents results of the multivariate analyses of
age, gender and period of diagnosis, adjusted for coun-
try. We observed in more recent periods (compared with
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Table 4
Relative death rate and corresponding standard errors of the mean (SEM) computed at 5 years since diagnosis for children with CNS malignant
neoplasms diagnosed in 1985-1989 (EUROCARE)*

IIT — CNS IIIc — PNET IIIa, IIIb, ITId — glioma-related
Relative death rate SEM Relative death rate SEM Relative death rate SEM

Northern Europe

Denmark 0.80 0.13 1.27 0.32 0.84 0.18

Finland 0.63 0.10 0.90 0.28 0.60 0.13

Iceland 0.57 0.50 - - 0.53 0.80

Sweden® 0.63 0.18 0.76 0.35 0.64 0.26
UK

England and Wales 1.12 0.11 1.22 0.17 1.30 0.16

Scotland 1.12 0.18 0.85 0.22 1.41 0.30
Western and Central Europe

France® 1.85 0.57 3.23 1.16 - -

Germany 1.03 0.10 0.89 0.12 1.08 0.15

Switzerland® 1.16 0.55 - - - -
Southern Europe

Italy® 0.78 0.13 0.18 0.29 0.79 0.17
Eastern Europe

Estonia 2.53 0.52 2.17 0.80 2.49 0.48

Poland® 0.88 0.38 - - 0.69 0.66

Slovakia 1.38 0.18 1.54 0.31 1.13 0.22

a Reference category: the European average The table shows only the countries with enough cases for age standardisation.
b Countries with coverage lower than 20% of the childhood population.

¢ Not enough cases for age standardisation.

Table 5
Results of multivariate analysis of survival of children with CNS malignant tumours by period of diagnosis, age at diagnosis and gender, adjusted by
country®P.
IIT — CNS IIIc — PNET IIIa, IIIb, I1Id — glioma related
HR (95% CI) HR (95% CI) HR (95% CI)
Boys 1 1 1
Girls 0.99 (0.91-1.05) 0.94 (0.82-1.08) 1.02 (0.93-1.13)
Age
0—4 years 1 1 1
5-9 years 0.79 (0.73-0.86) 0.68 (0.58-0.78) 0.84 (0.75-0.93)
10-14 years 0.69 (0.63-0.76) 0.64 (0.54-0.76) 0.74 (0.66-0.83)
Period
1978-1981 1 1 1
1982-1985 0.85 (0.78-0.93) 0.82 (0.70-0.98) 0.87 (0.77-0.99)
1986-1989 0.70 (0.64-0.77) 0.71 (0.60-0.84) 0.69 9 (0.620-0.78)

No. of cases and countries in the analysis

n=>5940, 12 countries

n=1454, 7 countries

n=23930, 10 countries

III — CNS IIlc — PNET IIla, I1Ib, I1Id — glioma related
HR (95% CI) HR (95% CI) HR (95% CI)
Period
1978-1981 1 1 1
1982-1985 0.85 (0.77-0.93) 0.85 (0.72-1.00) 0.87 (0.78-0.98)
19861989 0.70 (0.64-0.77) 0.74 (0.63-0.88) 0.71 (0.63-0.80)
1990-1992 0.69 (0.62-0.77) 0.73 (0.61-0.88) 0.72 (0.63-0.83)

No. of cases and countries in the trend analysis

n=7293, 12 countries

n=1844, 6 countries

n=4742, 9 countries

HR, hazard ratio; 95% CI, 95% confidence interval.
@ Reference categories are: period 1978-1981, boys and age 0—4 years.
® The table presents both the analyses of trend for period 1978-1989 and for period 1990-1992 (EUROCARE). See text for details and Appendix

for the list of countries included in each analysis.
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1978-1981) a statistically significant reduction of the
HR for all malignancy types. Results of analyses using
period as a continuous variable were very close to those
presented here (data not shown). Analysis by age and
gender confirmed the results of actuarial analyses as
prognosis was similar in the two genders and more
favourable for older children. The Appendix lists the
countries included in the different analyses; the others
are excluded either because the period of registration
did not include all three periods or because the number
of cases was too low.

Exploratory analyses were conducted for the cases
diagnosed during the period 1990-1992, using a multi-
variate model including also age, gender and country of
diagnosis (Table 5). Cases diagnosed in the period
1990-1992 did not show any further advantage in sur-
vival compared with cases diagnosed before.

Additional multivariate analyses were conducted to
explore intercountry difference in addition to the com-
putation of the Relative Death Rate, using England and
Wales as a reference and with adjustment for age and
gender. These analyses were conducted separately on
cases diagnosed in the most recent quadriennial period
of diagnosis (1986-1989) and on cases diagnosed in
1990-1992. Both periods showed large variation among
countries: for 1986-1989, analyses included 2382 cases
of CNS neoplasms and observed a statistically sig-
nificant higher risk of death for Estonia (HR =2.00;
95% CI 1.29-3.10) and lower for Finland (HR 0.52;
95% CI 0.38-0.72) and Italy (HR 0.68; 95% CI 0.49-
0.93). Analyses by specific categories of CNS data
showed the same pattern, although based on smaller
numbers and therefore presenting a greater variability.
The analysis of inter country variation in period 1990-
1992 showed smaller variation, but the ranking
appeared similar with better prognosis for cases from
the Nordic countries and poorer results for cases from
Eastern Europe (data not shown).

4. Discussion

The reported incidence of primary malignant CNS
tumours among children varies greatly in Europe. Inci-
dence rates are systematically elevated in Sweden and
other Nordic countries and in some territories of France
and Italy; lower rates are reported for Germany, UK
and, particularly, for the countries of Eastern Europe.
Relative incidence also varies, for instance the percen-
tage of total childhood neoplasms represented by non-
PNET neoplasms of the brain ranges from 13% (Ger-
many) to 23% (Finland) [2]. A part of this variation is
explained by differences in definitions and registration
practices. Since surgery or biopsy is not always feasible,
a proportion of CNS tumours are not examined histo-
logically, and decision about their malignant/non-

malignant nature or even about diagnosis can be based
only on radiological and clinical features. As a con-
sequence, differences in the inclusion of non-malignant
tumours can explain differences in incidence among
countries as the exclusion of non-malignant neoplasms
can seriously underestimate the true burden of CNS
tumours [16]. In contrast, low incidence can be also
related to incompleteness of case ascertainment or
referral from the institutions where children with CNS
are diagnosed and treated [25,26]. The effect on mea-
sured survival is not always predictable, since the
pathological distinction between malignant and non-
malignant tumours of the CNS is not always consistent
with clinical behaviour and prognosis [4].

In the EUROCARE study on childhood cancer sur-
vival, the routinely collected data from the population-
based cancer registries have been used. Among the par-
ticipating countries, the incidence of CNS tumours ran-
ged from 41 per million children-years in Sweden to 20
in Slovenia [2]. Comparability of data among the regis-
tries is increased since only malignant tumours and
tumours with uncertain or unspecified behaviour were
included in the survival analyses in order to reduce the
variability in registration criteria and to take into
account that general cancer registries often do not
include benign tumours. Although differences remain
among registries, their extent and causes were investi-
gated and considered whenever possible in the analyses.
The results are therefore based on data more homo-
geneous than usual when comparing published results
from independent studies.

The age-standardised 1- and 5-year survival rates
varied largely across Europe. In general, the survival
rates ranked in the same order as the reported incidence
rates, being the highest for Sweden, Finland and Iceland
and the lowest for Estonia. The 5-year survival rate for
children with all CNS malignancies diagnosed in 1985—
1989 was over 60% in Northern Europe, Italy and
Poland; rates of 50-60% were observed for the UK,
Germany, Switzerland and Slovakia, and rates under
50% were observed for France and Estonia. The differ-
ence between the highest and lowest rates was about 3-
fold. This pattern is even more extreme than that
revealed in the EUROCARE II study on survival of
adult patients with malignant brain tumours [27]. The
overall survival in children was, however, significantly
better than that for adults.

High survival rates in childhood CNS tumours for
Nordic countries and low rates for the Eastern Euro-
pean countries have been reported elsewhere [12,15,28].
The multivariate analyses of survival also indicated a
significantly elevated risk of death for Estonia and a
decreased risk for Finland. A detailed investigation is
out of the scope of this paper; however, a discussion of
the differences between these two countries can be use-
ful for interpreting differences in Europe. As for other
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childhood cancers, there has obviously been a consider-
able lag in access and quality of care in Estonia com-
pared with Finland: delayed introduction of modern
imaging procedures and delayed adherence to effective
treatment protocols were likely to contribute to the
poor outcome for children with CNS tumours [29]. The
first computed tomography (CT) scanner was installed
in Helsinki in 1978, and thereafter the number of scan-
ners increased rapidly; the magnetic resonance imager
(MRI) became available since the early 1980s and
became routine from 1985 [30]. In Estonia, the first CT
scanner was only installed in 1983 and MRI scanner in
1992 [29]. It has been assumed that the high incidence
has stimulated the good organisation of care in Nordic
countries, especially through centralisation of treatment
and dissemination of effective protocols [27]. Part of the
survival advantage could be attributable to anticipation
of diagnosis rather than to more effective treatments,
but the present study cannot address this issue.

The heterogeneity among the participating countries
in the distribution of cases by histotype, partly attribu-
table also to the heterogeneity in classification, pre-
cluded the use of ICCC diagnostic groups in detail. For
PNET, the ranking was similar to that for the entire
CNS category, although some county-specific rates
should be interpreted with caution due to the large ran-
dom variation.

The basic prognostic factors revealed by this study
were similar to those reported by other population-
based studies [4] and hospital-based studies [31]. Among
the ICCC diagnostic groups, PNET showed the poorest
outcome. Gender was not a prognostic factor whereas
age was: children under 5 years showed higher HRs and
infants always showed the poorest prognosis (infants
were considered separately only in the actuarial ana-
lyses). A similar age-related pattern of survival was seen
for separate diagnostic categories. Small children have a
high proportion of malignancies in the cerebellum and
brain stem, and their prognosis remains poor despite
advances in treatment.

During the last two to three decades, improvements in
the treatment strategies for CNS tumours developed
slowly. One of the causes of the relative lack of progress
compared with Acute Lymphoblastic Leukaemia or
Wilms’ tumour has been the poor understanding of the
biology of these group of tumours. Treatment of child-
hood CNS tumours, as in adults, consists of surgery,
radiotherapy and chemotherapy. The standard primary
treatment is surgical resection, and the extent of resec-
tion is shown to be a strong independent prognostic
factor in clinical series [32]. Chemotherapy in young
children may be a valid alternative to radiotherapy and
also result in reduced late effects. Applying other
therapies — such as radiotherapy and chemotherapy —
mainly depends on the tumour’s histotype and location.
The modern treatment protocols for childhood CNS

tumours are complex and intensive, therefore the orga-
nisation of care plays a important role in explaining
differences in outcome [33]. It has been suggested that
the centralisation of management with various aspects
of specialisation (caseload, interdisciplinary teams, etc.)
can significantly improve the outcome in childhood
cancers [34]. Clinical studies have indicated also that the
training of a neurosurgeon in paediatric versus adult
neurosurgery influenced the extent of resection and
patients’ survival [35]. Referral rates of CNS tumours to
paediatric oncology centres and the proportion of cases
included in clinical trials have been lower than for other
childhood malignancies [36-38].

PNET are characterised by survival rates in clinical
series up to 80% at 5 years from diagnosis [39]. These
results are much better than from population-based
studies, but are likely also to indicate a high selection of
patients. A variety of clinical aspects have been used to
allocate patients into risk groups and to tailor treatment
strategies. Overall survival seems to have improved for
PNET, however, patients in high-risk groups (dis-
seminated or incompletely resected tumour at diagnosis)
and children under 3 years of age still fare poorly.

Gliomas comprise a variety of CNS tumours with
different anatomical sites and biological behaviour.
Better survival is noted in children with ependymoma
who have undergone complete resection; the relative
effectiveness of radiotherapy over chemotherapy is dif-
ficult to prove due to the low incidence of this tumour.
The treatment of choice for low-grade astrocytoma is
surgery; radiation therapy has been standard therapy
for partial resected or progressive tumours and adjuvant
chemotherapy could be a second choice when surgery is
grossly partial. In addition, severe late effects related to
radiotherapy have increased interest in chemotherapy.
There has been essentially no progress made in the
treatment of children with brain stem gliomas: radio-
therapy is still the mainstay of treatment since these
gliomas are very resistant to chemotherapy and the role
of the surgery is limited by the tumour site [40].

The EUROCARE database did not include informa-
tion on methods of treatment. In our study, the high
proportion of cases without microscopic verification
(23-29%), indirectly referring to the proportion of non-
resected cases, was found for Estonia and Poland — the
countries showing low overall survival rates. Con-
versely, the countries with the small proportion (2-5%)
of these cases corresponded with those with high survi-
val rates, for example, most of the Nordic countries.

In general, during a comparable time period, there
was a good accordance between survival rates observed
by this study and those reported for the other parts of
the world (Table 6). The rates were slightly higher in the
USA than in Europe, but differences were limited and
more pronounced for PNET. Part of the differences
could be explained by the fact that the SEER analyses



C. Magnani et al. | European Journal of Cancer 37 (2001) 711-721 719

Table 6
Comparison of the 5-year survival rates for children with CNS malignant tumours diagnosed in Europe and selected countries and territories of the
world
Project or region/country Period Five-year survival rate (%)
All CNS, by age group Diagnostic group?

0—4 years 5-9 years 1014 years Ependymoma Astrocytoma PNET
EUROCARE/Europe® 1985-1989 56 60 68 55 75 48
SEER/USA [4] 1985-1994 56 64 70 56 74 55
Canada [14] 1985-1988 59 63 61 56 71 50
Victoria/Australia [10] 1980-1989 61 63 73 64 80 52

SEER, Surveillance, Epidemiology and End-Results.

2 The rates presented for the age group 0-14 years for Europe and Australia, and for the age group 0-19 years for the USA and Canada.

® Data based on the present study.

included cases diagnosed more recently. The popula-
tion-based and the hospital-based survival rates for
specific diagnostic groups are quite similar. For exam-
ple, in the USA there has been found a high degree of
comparability of survival for malignant brain tumours
between the National Cancer Data Base (NCDB)
(including all CNS tumours) and the SEER Program
(including only malignant CNS tumours) [31]. Based on
data of the NCDB, the 5-year survival rate was 74% for
childhood astrocytomas and 55% for PNET (45% for
age group 0—4 years).

The recent population-based studies have reported a
modest or no increase in survival of children with CNS
tumours diagnosed during the past few decades
[4,15,41]. We observed a continuous improvement of
survival rates between 1978 and 1989 in Europe, while
no further changes in 1990-1992 (based on a limited
dataset only) were seen. In SEER regions (USA), some
improvement in survival from 1975 to 1994 was seen,
limited to children aged 5 years and more [4]. In a study
conducted in Piedmont (Italy), the high survival rate
observed for children (age 0-14 years) diagnosed in
1985-1989 was not confirmed for children diagnosed in
1990-1994 [42]. In the USA, the 5-year survival rate
remained lower than 60% in 1985-1994 for all histo-
types, other than astrocytomas, many of which were low
grade malignancies; but also in astrocytoma, the out-
come was poorest for infants [4]. During the time period
covered by the EUROCARE study, a slight improve-
ment, limited mainly to period from 1984 to 1989, was
observed for adult patients with brain cancer in Europe
[27]. So, compared with many other cancers, the CNS
malignancies do not demonstrate a considerable
improvement in prognosis.

In conclusion, the EUROCARE study on childhood
cancer survival highlighted a substantial intercountry
variation in survival of children with CNS malignancies
across Europe in 1978-1989, referring to the differences
in access and organisation of care. The estimates are
based on a very large dataset (one of the largest avail-
able on this issue) and are statistically stable. A positive

trend indicating better prognosis was observed,
although, compared with the other childhood cancers
covered by this special issue, in particular leukaemia,
the improvement in survival in CNS tumours was more
modest. To understand better the causes of the inter-
country differences, a high-resolution study could be
useful that will collect data prospectively on the details
of diagnosis, classification, grading and treatment in
selected countries, and analyse their influence on
patients’ survival.

5. The EUROCARE Working Group for this study

Austria: W. Oberaigner (Cancer Registry of Tirol).
Denmark: H. Storm (Danish Cancer Society ‘Institute
of Cancer Epidemiology’). Estonia: T. Aareleid (Esto-
nian Cancer Registry). Finland: T. Hakulinen (Finnish
Cancer Registry). France: J. Mace-Lesec’h (Calvados
General Cancer Registry), P. Arveux (Doubs Cancer
Registry), N. Raverdy (Somme Cancer Registry). Ger-
many: P. Kaatsch, J. Michaelis (German Registry of
Childhood Malignancies). Iceland: L. Tryggvadottir, H.
Tulinius (Icelandic Cancer Registry). Italy: P. Crosignani
(Lombardy Cancer Registry), E. Conti (Latina Cancer
Registry), M. Vercelli (Liguria Cancer Registry — NCI,
Genova), M. Federico, L. Mangone (Modena Cancer
Registry), V. De Lisi (Parma Cancer Registry), R.
Zanetti (Piedmont Cancer Registry), C. Magnani (Pied-
mont Childhood Cancer Registry), L. Gafa, R. Tumino
(Ragusa Cancer Registry), F. Falcini (Romagna Cancer
Registry), A. Barchielli (Tuscan Cancer Registry),
Poland: J. Pawlega, J. Rachtan, (Cracow Cancer Reg-
istry), M. Bielska-Lasota, Z. Wronkowski (Warsaw
Cancer Registry). Slovakia: A. Obsitnikova, I. Plesko,
(National Cancer Registry of Slovakia). Slovenia: V.
Pompe-Kirn (Cancer Registry of Slovenia). Spain: I.
Izarzugaza (Basque Country Cancer Registry), C. Mar-
tinez-Garcia (Granada Cancer Registry), I. Garau
(Mallorca Cancer Registry), E. Ardanaz, C. Moreno
(Navarra Cancer Registry), J. Galceran (Tarragona
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Cancer Registry). Sweden: T. Moller (Southern Swedish
Regional Tumour Registry). Switzerland: C. Bou-
chardy, L. Raymond, (Geneva Cancer Registry). The
Netherlands: J.W. Coebergh (Eindhoven Cancer Reg-
istry). Scotland. R. Black, A. Gould (Scottish Cancer
Registry). England and Wales: C.A. Stiller (Childhood
Cancer Research Group, Oxford).

Study Coordinator, Data Centre and Steering Com-
mittee: F. Berrino (Project Leader), G. Gatta, A.
Micheli, M. Sant (Division of Epidemiology, Istituto
Nazionale per lo Studio e la Cura dei Tumori, Milan,
Italy), R. Capocaccia, M. Santiquilani, F. Valente, A.
Verdecchia, (Department of Epidemiology and Biosta-
tistics, Istituto Superiore di Sanita, Rome, Italy), J.W.
Coebergh (The Netherlands), M.P. Coleman (UK), J.
Estéve (Service de Biostatistique, Centre Hospitalier
Lyon, France), J. Faivre (France), D. Forman (UK), T.
Hakulinen (Finland), C. Martinez-Garcia (Spain).
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Appendix. List of the countries included in the multi-
variate analyses, period 1978-1989

e All CNS malignant tumours: Denmark, Finland,
Sweden, England and Wales, Scotland, France,
Germany, The Netherlands, Italy, Spain®, Estonia,
Poland, Slovakia, Slovenia?®

e PNET: Denmark, Finland, England and Wales,
Scotland, France?, Germany, Italy, Spain?, Slovakia

e Glioma-related category: Denmark, Finland, Swe-
den, England and Wales, Scotland, France, Ger-
many, Italy, Spain®, Estonia, Slovakia

aNot included in analyses for time trend.
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