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ARTICLE INFO ABSTRACT

Keywords: The aim of this study was to assess regional survival differences among childhood cancer
Cancer patients in Europe. For this exercise, the Automated Childhood Cancer Information System
Childhood (ACCIS) database was utilised. Survival data from 54 population-based cancer registries on
Europe 49,651 childhood cancer patients aged 0-14 years and diagnosed in 1988-1997 were ana-
Registry lysed using life-table method. Overall, the 5-year survival was 72% among all patients, vary-
Incidence ing from 62% to 77% between the five geographical regions. The East region generally had
Survival lower survival rates than the rest of Europe. The geographical differences indicate the need
for more co-ordination, systematisation and standardisation in diagnosis, referral and the
treatment of childhood cancers in Europe. Increase of resources is necessary to improve the
lower survival in the East region. Continuing data collection on a European level will facil-

itate monitoring of population-based survival of childhood cancer patients.
© 2006 Elsevier Ltd. All rights reserved.
1. Introduction istries, aiming at collection, presentation and interpretation

of data on cancer incidence and survival of children and ado-

Survival of children with cancer has improved considerably
over the last decades in the developed countries worldwide.
However, large differences were observed within Europe for
children diagnosed over the period 1978-1992, which are also
reflected in differences in mortality statistics.» In 1985-1989,
5-year survival for all childhood cancers combined varied
from 55% to 77% between regions in Europe.

The Automated Childhood Cancer Information System
(ACCIS) is a collaborative project of the European cancer reg-
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lescents in Europe.?

The ACCIS database contains data from 78 population-
based cancer registries that cover about 50% of the population
aged 0-14 years and about 25% of the population aged 15-19
yearslivingin the 35 participating countries. It covers 1.3 billion
person-years, giving rise to over 160,000 cases of childhood and
adolescent cancer diagnosed during the period 1968-2001.

Using the ACCIS database, we aim to extend the general
information on survival of children with cancer in Europe,
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describe the geographical differences, estimate their extent
and discuss their possible reasons.

2. Patients and methods

All malignant neoplasms, together with non-malignant tu-
mours of the central nervous system (CNS), registered be-
tween 1988 and 1997 in patients aged less than 15 years in
the participating registries listed in Table 1 were extracted
from the ACCIS database.

A standard set of variables included basic demographic
data (age, sex, country or region of residence), information
on the tumour (date of incidence, site, morphology and basis
of diagnosis) and on follow-up (date of last contact and vital
status). The tumours were grouped according to the Interna-
tional Classification of Childhood Cancer (ICCC), for presenta-
tion of the results. For each case, the duration of survival was
calculated as the time elapsed between the date of diagnosis
and the date of death (if the patient died) or closing date of
the study of the given cancer registry, shown in Table 1. Fail-
ure or withdrawal of each case was thus accounted for in the
appropriate 1-year follow-up interval in the survival table. In
the registries where the follow-up interval was longer than 1
year, the survival time of the patients withdrawn before the
closing date of the study (lost to follow-up) was calculated
as the time interval between the date of diagnosis and date
last seen, plus a half of the usual follow-up interval for that
registry. These censored observations thus contributed per-
son-years up to those annual follow-up intervals, in which
they were, on average, lost to follow-up.

The 54 population-based registries listed in Table 1 were
qualified as ‘comparable’ for the purposes of this analysis
[Steliarova-Foucher, Kaatsch, Lacour and colleagues, this is-
sue]. Countries were then grouped into five geographical re-
gions (Table 1).

Life-table method was used for survival analyses.®> Only
cases with non-zero survival time were included in the anal-
yses. Their number and the percentage they represented of all
registrations for the given period are shown in Table 1. Most
of the excluded cases were those registered from death certif-
icate only (DCO). The reported 5-year observed survival is the
cumulative probability of surviving to the 5th anniversary of
the date of incidence. In the graphs, the cumulative survival
probability is plotted as a continuous line, joining the cumu-
lative probabilities of survival for each year following the
diagnosis. The 95% confidence intervals (95% CIs) of the
cumulative survival were calculated according to Kalbfleisch
and Prentice,’ using Stata.

Observed survival was used instead of relative survival’ as
competing causes of death were rare among childhood cancer
patients in developed countries. To verify this, the World
Health Organization (WHO) core health indicator ‘child mortal-
ity’ (i.e. probability of dying before the age of 5 years) was
checked.?In year 2000 among the countries included in the sur-
vival analysis, child mortality was highest in Belarus (17/1000
for boys and 12/1000 for girls) and lowest in Norway (5/1000
for boys and 4/1000 for girls). Thus, the lowest expected proba-
bility of survival was 983/1000, i.e. there was less than 2% mor-
tality during the first 5 years of life (in boys in Belarus). In the
countries included, the all causes mortality was, in general,

less than 1%. Therefore, relative survival was only very slightly
higher than observed survival (61% instead of 60% in the most
extreme case of boys in Belarus), and it was practically the
same in most of the other countries in this analysis.

Differences in survival of two or more groups of patients
were compared for the entire survival curves using the log-
rank ;? test.®

Potentially, regional cancer registries may experience
more difficulties in complete follow-up of cases than do
nationwide registries. Furthermore, the region of cancer reg-
istration may not be representative of the whole country, par-
ticularly with respect to the timeliness and quality of
diagnosis and treatment, which influence survival results.
National mortality data, collected through an independent
mechanism, provide an independent estimate of the progno-
sis of childhood cancer patients on a national level. To exam-
ine the possible bias in survival statistics in regional cancer
registries, compared with those with national coverage, we
used the equivalence formula:

mortality = incidence * (1 — survival),

derived from fatality ratio (deaths:cases) that is an indicator
of survival.'® The left side of the above formula refers to na-
tional mortality statistics, while the right side refers to the
incidence and survival data from the ACCIS database; pooled
regional data were used for the countries with several regio-
nal registries. The ‘mortality’ is the average of sex-specific
standardised rate (World Standard population) per million in
the age range 0-14 years for the period 1988-1997 (for Slova-
kia, only period 1992-1997 was available), weighted by the
proportion of the two sexes in childhood population.? The
‘incidence’ is age-standardised (World Standard population)
incidence rate for the age-group 0-14 years per million for
the period 1988-1997. The ‘survival’ is the 5-year observed
cumulative survival probability for the cases diagnosed dur-
ing the period 1988-1997 at ages under 15 years. Spearman’s
correlation coefficient was calculated.

3. Results

In the period 1988-1997, the overall observed 5-year survival
among the 49,651 childhood cancer patients across Europe
was 72% (Table 2). It varied between 77% in the North and
62% in the East. It was 71% in the British Isles, 72% in the
South and 75% in the West (Table 2, Fig. 1). The survival curves
tested by log-rank test were significantly different between
the pairs of regions with neighbouring ranks, with the excep-
tion of the survival curves for the British Isles and the South
(x*=1.6, P =0.30). Survival for the East was markedly lower
than the pooled survival of the other regions (;*=568.62,
P < 0.0001).

For all tumours combined, survival was lower during the
first follow-up year among patients diagnosed in infancy (at
less than 1 year of age) than in other age groups and the
two survival curves (age 0 and age 1-14 years) differed signif-
icantly (4% = 35.34, P < 0.0001). There was no significant differ-
ence between the overlapping survival curves for the other
three age groups (> = 3.81, P = 0.15). In all age groups, the sur-
vival among patients diagnosed in the East was lower than
those observed in the other regions (Fig. 2(a-d)).



Table 1 - Datasets contributed by the European cancer registries for the analyses of survival of children (age 0-14 years) with cancer diagnosed in 1988-1997, with

indicators of coverage, data quality and follow-up (Source: ACCIS)

Region Registry Coverage Basis of diagnosis Non- NOS Follow-up
Period Person- Registrations included MV DCO Unknown malignant Closing Median <5 years Lost Notes
years in analyses date
- o2 o, o o o, o, Years % %
British Isles IRELAND, National 1994-1997 3,417,728 427 98 95 0 <1 2 7 31.12.1998 3.1 100 =
UNITED KINGDOM, 1988-1995 77,923,641 9773 98 91 <1 4 4 3 31.1.2001 8.7 1 <1 P
England & Wales
UNITED KINGDOM, 1993-1996 1,568,121 223 100 73 0 0 8 26 31.12.1999 1.2 94 -
Northern Ireland
UNITED KINGDOM, 1988-1997 9,631,411 1238 100 95 0 0 - 4 31.12.1999 6.5 33 -
Scotland
East BELARUS, National 1989-1997 20,710,420 3168 99 96 0 0 2 7 1.9.2000 6.6 28 3 P
ESTONIA, National 1988-1997 3,248,135 411 96 94 <1 0 - 11 31.12.1998 4.8 51 1
HUNGARY, National 1988-1997 20,017,358 2459 99 97 - 0 4 1.1.2000 6.7 35 10 P
SLOVAKIA, National 1988-1997 12,638,341 1513 94 97 0 0 3 5 31.12.1997 4.9 52 -
North DENMARK, National 1988-1997 8,949,077 1366 97 91 0 2 9 10 31.12.1997 5.6 44 <1
FINLAND, National 1988-1997 9,667,700 1582 98 98 0 <1 2 11 31.12.1998 5.6 43 <1
ICELAND, National 1988-1997 644,792 84 100 99 0 0 2 5 31.12.2000 7.6 28 -
NORWAY, National 1988-1997 8,247,807 1186 100 97 <1 <1 2 11 1.1.2000 6.3 35 1
South ITALY, Ferrara 1991-1995 174,945 28 100 82 0 0 - 18 31.12.1998 5.6 36 -
ITALY, Latina 1988-1997 893,595 101 98 90 0 3 - 17 31.12.1998 6.5 23 -
ITALY, Liguria 1988-1995 565,441 89 99 78 0 0 2 7 15.4.2000 8.4 14 1
ITALY, Lombardy 1988-1997 1,135,353 190 99 94 0 0 - 4 23.9.1999 3.3 63 -
ITALY, Marche 1990-1997 1,559,718 243 100 88 - 9 - 12 30.9.2000 6.2 38 4 P
ITALY, Parma 1988-1995 351,725 47 100 9% 0 0 2 4 1.4.1999 7 16 2
ITALY, Piedmont 1988-1997 5,413,167 925 100 9% 0 0 4 4 31.12.1999 6.7 24 <1 P
paediatric
ITALY, Ragusa 1988-1997 565,558 72 100 96 0 0 - 7 30.3.2000 7.2 25 3
ITALY, Sassari 1992-1995 304,735 41 100 93 0 5 - 5 30.12.1999 5.4 19 -
ITALY, Tuscany 1988-1997 1,376,966 219 98 62 0 0 5 11 31.12.1998 5.2 49 -
ITALY, Umbria 1994-1996 315,902 59 100 85 0 0 - 12 31.12.1999 4.4 74 -
ITALY, Veneto 1990-1996 1,730,175 286 99 94 0 0 - 8 31.12.1998 5 50 -
MALTA, National 1991-1997 570,071 76 97 9% 0 1 7 5 31.12.1999 6 31 -
SLOVENIA, National 1988-1997 3,878,057 479 99 98 0 0 1 31.12.1999 6.5 37 <1
SPAIN, Albacete 1991-1997 473,835 56 98 91 0 0 9 15.9.2000 7.2 33 -
SPAIN, Asturias 1988-1997 1,643,051 222 97 96 0 0 2 14 31.12.1997 8.3 0 -
SPAIN, Basque Country 1988-1989 814,226 118 99 97 0 0 - 10 31.12.2000 12.1 0 - ol
SPAIN, Girona 1996-1997 160,249 20 100 95 0 0 - 5 31.12.1997 0.9 100 - ol
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West

SPAIN, Granada
SPAIN, Mallorca
SPAIN, National
SPAIN, Navarra
SPAIN, Tarragona
SPAIN, Zaragoza

FRANCE, Bas-Rhin
FRANCE, Brittany
FRANCE, Doubs
FRANCE, Haut-Rhin
FRANCE, Lorraine
FRANCE, Manche
FRANCE, PACA
FRANCE, Rhone Alpes
FRANCE, Somme
GERMANY, GCCR (East
and West)

GERMANY, GCCR (only
former West)
NETHERLANDS, DCOG
NETHERLANDS,
Eindhoven
NETHERLANDS,
National
SWITZERLAND, Basel
SWITZERLAND,
Geneva
SWITZERLAND,
Graubunden & Glarus
SWITZERLAND, St.
Gallen Appenzell
SWITZERLAND, Valais

1988-1997
1988-1989
1990-1995
1988-1996
1988-1997
1988-1996

1988-1996
1991-1997
1988-1996
1988-1991
1988-1997
1994-1995
1988-1996
1988-1997
1988-1996
1991-1997

1988-1990

1988-1997
1988-1997

1989-1995

1988-1997
1988-1997

1989-1997

1988-1997

1989-1993

1,695,848
237,183
10,377,774
270,972
395,922
412,477

1,731,876
3,809,039
930,939
555,015
4,762,031
196,312
7,623,567
11,178,532
1,041,618
93,284,500

28,822,000

2,709,561
1,767,158

19,372,876

628,241
608,299

367,257

987,860

245,170

204
32
1343
33
51
55

252
522
105
80
640
23
943
1278
125
10702

3543

2199
245

2622

99
87

48

132

31

98
97
98
97
100
100

100
99
89
929

100
96
89
93
98
88

96

929
99

98

100
929

100

929

97

99
94
93
97
96
98

98
98
64
91
92
91
98
97
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100
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31.12.1999
31.12.1998
31.12.2000
31.12.1997
31.12.1998
31.12.1996

31.12.1997
1.1.2000
1.6.2001
31.12.1995
1.1.1999
31.5.2000
31.3.1998
1.6.2000
15.8.2000

31.12.1998

31.12.1998

1.1.2000
1.7.1999

31.12.1998

30.6.2000
31.12.1999

25.5.2000

1.2.2001

1.12.1998

6.7
10.7
6.1
9.9
2.7
7.6

5.5
4.6
14
7.3
4.7
4.2
2.8
5.2
29
89

7.8

8.8
5.6

5.9

6.4
5.6

5.1

8.5

32
12

9
27
56
29

43
56
91
15
54
71
66
48
68
67

17

19
45

36

26
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50

40

0
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27

3

G
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ol
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MV, microscopically verified cases; DCO, registrations from death certificate only; NOS, cases with unspecified histology; <5 years, cases followed-up for less than 5 years, as a percentage of all those
not decreased by the closing date; P, paediatric cancer registry, age-range of the patients is 0-14 years; G, general cancer registry, which has only contributed data for age-range 0-14 years; 01-02,
overlapping registration areas; S, survival analyses were possible only for a restricted dataset [see Steliarova-Foucher, Kaatsch, Lacour and colleagues, this issue|; Z, covers only selected areas [see
Steliarova-Foucher, Kaatsch, Lacour and colleagues, this issue]; DCOG, Dutch Childhood Oncology Group; PACA, Provence, Alps, Cote d’Azur; NCR, National Cancer Registry of the former German
Democratic Republic; GCCR, National German Childhood Cancer Registry (until 1990 only for the West, since 1991 for reunified Germany).
a Percentage of registrations included in analyses refers to the total number of cases registered for the period shown, including those with zero follow-up. Percentages for basis of diagnosis, non-

malignant and NOS refer to the number of cases included in the survival analyses shown in the column under n, unless specified otherwise.
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Table 2 - Observed 5-year survival (0S%) of childhood cancer patients in Europe, by region and by ICCC group (age-range 0-14 years, both sexes, patients diagnosed in

1988-1997) (Source: ACCIS)

ICCC group Region SEER?®
Europe British Isles East North South West RS
n (01 CI n 0S CI n 0s CI n oS CI n oS CI n (1) CI
I. Leukaemia 16,166 73  72-74 3781 74 73-76 2041 58 5660 1234 78 75-80 1507 70  68-73 7603 77  76-78 74
II. Lymphomas ... 5824 84 83-85 1105 85 82-87 1005 74 71-76 394 81 77-85 714 82 79-85 2606 88 86-89 83
III. CNS tumours ... 10,532 64 63-65 2720 63 61-65 1696 53 51-56 1167 72 69-74 1022 66 63-69 3927 65 64-67 66
IV. Sympathetic NS tumours 3669 59 58-61 797 50 46-53 469 47 42-52 237 57 50-64 369 61 56-66 1797 67 65-69 66
V. Retinoblastoma 1201 93 91-94 368 96 93-97 151 83 75-88 128 97 92-99 106 93 86-97 448 92 88-95 95
VI. Renal tumours 2966 84 82-85 649 81 78-84 408 71 66-75 228 91 87-95 245 83 77-87 1436 87 85-89 90
VII. Hepatic tumours 411 57 52-62 102 56 46-65 79 44 32-54 47 83 69-91 43 62 45-75 140 54 44-63 56
VIII. Malignant bone tumours 2322 61 59-63 489 61 57-66 338 41 36-47 150 66 57-74 305 65 59-70 1040 66 63-69 68
IX. Soft tissue sarcomas 3342 65 63-66 862 63 60-66 449 50 45-55 295 74 68-79 326 74 68-78 1410 66 64-69 73
X. Germ-cell tumours ... 1627 84 82-86 357 87 83-90 194 62 55-69 147 90 84-94 159 81 74-86 770 87 84-89 87
XI. Carcinomas ... 1715 89 87-90 344 86 82-90 698 93 91-95 154 88 82-93 163 89 83-93 356 83 78-87 89
XII Other and unspecified tumours 202 74 67-80 87 89 80-94 23 32 15-52 37 78 61-88 30 76 56-88 25 56 33-73 -
All diagnostic groups 49,651 72  72-72 11,661 71  71-72 7551 62  61-63 4218 77 7578 4989 72  71-73 21,232 75 7476 75

n, numbers of patients; CI, 95% confidence interval; CNS, central nervous system; NS, nervous system.
a For comparison, United States data: 5-year relative survival rates (RS) for patients diagnosed in 1985-1999 in the nine SEER areas based on data from population-based registries in Connecticut,

New Mexico, Utah, Iowa, Hawaii, Atlanta, Detroit, Seattle-Puget Sound and San Francisco-Oakland. Rates are based on follow-up of patients into 2000 in Ref. [11].
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Fig. 1 - Cumulative survival of childhood cancer patients diagnosed in 1988-1997 in Europe, by region. All diagnostic groups,

both sexes combined. Source: ACCIS.

Overall, 5-year survival was slightly lower in boys than in
girls (;(2 =5.34, P =0.021), as shown in Table 3, but within the
regions, a significant difference between boys and girls was
seen only in the East where the 5-year survival among boys
was 60% (95% CI 59-62%) and 63% (61-65%) among girls
(x* = 3.88, P = 0.049). These differences were, however, entirely
accounted for by the larger proportion of girls than boys
among the thyroid cancer cases in Belarus (M/F ratio = 0.64).
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After excluding all thyroid cancer cases recorded in Belarus
from the dataset, there were no differences in survival be-
tween boys and girls in the East (x*=0.1, P=0.8) or in the
overall dataset (5* = 2.5, P = 0.1). By ICCC group, girls had sig-
nificantly better survival in leukaemia (;* = 23.35, P = 0.006),
neuroblastoma (group IV) (5* = 7.29, P = 0.007) and carcinomas
(group XI) (y*=7.61, P =0.006) (Table 3). For carcinomas, the
sex difference remained significant also after exclusion of
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Fig. 2 - Cumulative survival of childhood cancer patients diagnosed in 1988-1997 in Europe, by age at diagnosis and region.

All diagnostic groups, both sexes combined. Source: ACCIS.
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Table 3 - Observed 5-year survival (0S%) of childhood cancer patients in Europe, by sex and ICCC group (age-range 0-14

years, patients diagnosed in 1988-1997) (Source: ACCIS)

ICCC group Boys Girls
n 0OS 95% CI n (O8] 95% CI
I. Leukaemia 9075 72 71-73 7091 75 74-76
II. Lymphomas ... 3947 84 83-85 1877 82 80-84
II. CNS tumours 5745 63 62-65 4787 64 63-66
IV. Sympathetic NS 1972 57 55-59 1697 62 60-64
V. Retinoblastoma 614 93 90-95 587 93 90-95
VI. Renal tumours 1431 84 82-86 1535 83 81-85
VII. Hepatic tumours 249 56 49-62 162 59 50-66
VIII. Malignant bone tumours 1200 62 59-65 1122 60 57-63
IX. Soft tissue sarcomas 1869 66 63-68 1473 63 60-66
X. Germ-cell tumours ... 730 85 82-88 897 83 80-85
XI. Carcinomas etc. 738 87 84-89 977 91 89-93
XII. Other and unspecified 87 72 61-80 115 76 66-83
All diagnostic groups 27,479 72 71-72 22,172 73 72-73
n, numbers of patients; CI, 95% confidence interval; CNS, central nervous system; NS, nervous system.
thyroid cancer cases from Belarus (P = 0.01). Boys had signifi- 80 ~
cantly better survival in soft tissue sarcomas (y*=5.69,
P=0.017) and, marginally, in bone tumours (4= 3.24, 70+ 3
P =0.072). ]
In Europe, the 5-year survival among the 12 main ICCC 60+ -
groups ranged from 93% in retinoblastoma (Diagnostic group IS =7
V) to 57% in hepatic tumours (group VII) (Table 2). In the East, % 501 ] A
the patients had lower survival in all ICCC groups except for 5 16, 2 h
: . . i L]
carcinomas (group XI) (Table 2). The survival differences be- i 40 15® "
. = 6 18 o472
tween the East and other European regions were generally < s 5gp
10 percentage points or more lower, but varied from 3 to 39 g 301 199
percentage points according to diagnostic group. Between 20
the other European regions, the variability ranged from 4 to ] =8
27 percentage points according to diagnostic group (Table 2). 104 ® National
In the carcinoma group (XI), the best survival was in the East. + Regional
This was due to the exceptionally high proportion of thyroid 0
carcinoma in the East region (83% of all carcinomas compared 0 1'0 2' 3'0 4'0 5'0 6IO 7'0 8I

with, on average, 25% in other regions). The excess of thyroid
tumours was limited to Belarus (92% of all carcinomas), while
it was standard in the other countries of the East (26%). The
excellent prognosis of thyroid cancer patients, therefore
weighted the East to have the best survival in group XI.

In ICCC group-specific comparisons between the North,
South, West and the British Isles, the highest survival figures
were often observed in the North (Table 2). In all diagnostic
groups combined, the survival figures ranged from 71% to
77%. Significant differences were seen between the regions
with highest versus lowest 5-year survival; in CNS tumours
(from 63% to 72%), in neuroblastoma (from 50% to 67%), in re-
nal tumours (from 81% to 91%), in hepatic tumours (from 54%
to 83%) as well as in germ cell etc. tumours (from 81% to 90%).
Smaller differences were seen in leukaemia (from 70% to 78%)
and in lymphomas (from 81% to 88%).

There was good correlation (r = 0.75) between the national
mortality data in the age-group 0-14 years and the estimate of
mortality defined as [incidence*(1-5-year survival)] derived
from the ACCIS database (Fig. 3). The correlation pattern did
not differ for the regional, compared with the national cancer
registries.

Incidence*(1- 5-year survival)

Fig. 3 - Comparison of official national mortality data with
the mortality estimated from incidence and survival data
collected by the national and regional cancer registries
contributing to the ACCIS database, 1988-1997. (Numbers
indicate countries: 1 Belarus, 2 Denmark, 3 Estonia, 4 Finland,
5 France, 6 Germany, 7 Hungary, 8 Iceland, 9 Ireland, 10 Italy,
11 Malta, 12 Netherlands, 13 Norway, 14 Slovakia,

15 Slovenia, 16 Spain, 17 Switzerland, 18 United Kingdom.)
Source: ACCIS.

4, Discussion

This paper addresses the geographical differences in survival
of childhood cancer patients in the different regions of Eur-
ope. The detailed description of the patient materials is given
in a separate article in this Special Issue [Steliarova-Foucher,
Kaatsch, Lacour and colleagues, this issue]. As pointed out
in the Methods section, the use of observed survival rather
than relative survival was justified, as we were able to
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estimate the negligible error of the unadjusted survival pro-
portions presented in this paper.

The 10-year calendar period from 1988 to 1997 was chosen
to secure maximum power for the analyses by including the
majority of the contributing registries and the most recent
time period available in the ACCIS database, especially for
the smaller tumour groups. Obviously, more recent survival
figures (e.g. for 1993-1997) give slightly higher survival esti-
mates, since survival has improved over the study decade
[Magnani and colleagues, this issue]. However, for compari-
son between the regions the 10-year period is just as valid,
especially because the 5-year follow-up period was less com-
plete for the patients diagnosed in the final 5 years (Table 1).

The overall observed 5-year survival among all childhood
cancer patients diagnosed across Europe in 1988-1997 was
72%, ranging from 62% in the East to 77% in the North. For
comparison, the 5-year overall survival was 75% in the SEER
results in the USA (Table 2) for patients diagnosed in 1985-
1999."* Among the 12 main ICCC groups, the European aver-
age 5-year survival estimates were very close to those seen
in the USA'™ with regional exceptions in neuroblastoma
(group 1V), renal tumours (group VI), bone tumours (group
VIII) and soft tissue sarcomas (group IX) (Table 2).

As reported previously, the survival estimates in the East
region were lowest in almost all diagnostic groups and in all
age groups.’®*? The high survival rates observed in the East
in the carcinoma group (XI) reflect the favourable prognosis
for thyroid carcinoma with the exceptionally high incidence
in Belarus due to the Chernobyl accident. Encouraging
improvements in survival have been seen in the East [Mag-
nani and colleagues, this issue], but no significant increase
was observed for some tumours, e.g. soft tissue sarcomas
[Pastore, Peris-Bonet, Carli and colleagues, this issue]. It
should also be noted that the overall survival in countries
grouped within the East is as heterogeneous as that between
the geographical regions within Europe. Possible reasons for
these differences and opportunities for continued improve-
ment are discussed elsewhere [Pritchard-Jones and col-
leagues, this issue].

The survival figures in the North were often the highest.
This is most likely largely due to the long-term achievements
within the framework of the Nordic Society of Paediatric Hae-
matology and Oncology (NOPHO) and the relatively high over-
all standard of healthcare systems and socio-economic status
in these five countries. Over the last two decades, impressive
efforts in Nordic co-operation and collaborative clinical trials
have led to standardisation of treatment protocols in all the
five countries (e.g. Ref. [14]).

However, organisation of specialist care cannot be the only
contributing factor to high survival rates. In the British Isles,
more than 75% of UK children in most ICCC groups have been
treated in specialist paediatric oncology centres affiliated to
the UK Children’s Cancer Study Group (UKCCSG) since the
mid 1980s, together with a high rate of recruitment to interna-
tional and national trials.'>'® Despite this, there was a moder-
ately lower overall survival rate in the British Isles (71%)
compared with the North (77%) and West (75%) regions though
it was not significantly different from the South (72%). One po-
tential confounding factor is the shorter period of coverage for
England and Wales, ending in 1995 and which supplied 85% of

cases for the British Isles. However, survival analysis restricted
to the cases diagnosed up to year 1995 yielded similar results as
unrestricted analysis and the rank of the regions (as shown in
Table 2) did not change. Possible reasons for lower survival in
the British Isles and the differences in region-specific survival
in general are discussed in the overview paper [Pritchard-Jones
and colleagues, this issue].

In Finland, astrocytomas (subgroup IIIb) cannot be sepa-
rated from other gliomas (IIId) due to the old classification
system. However, the overall results for CNS tumours (72%
in the North versus 64% elsewhere) were not affected by this
misclassification. Whether the diagnostic criteria are the
same in all the countries may be questionable and should
be investigated. The large differences in survival from hepatic
tumours would require more in-depth studies involving a
pathology review [Stiller, Pritchard-Jones and Steliarova-
Foucher, this issue]. The high survival rates of neuroblastoma
patients (in ICCC group IV) in the West may, partially, be
explained by screening - organised or opportunistic - or by
incidental findings [Spix and colleagues, this issue]. It is also
possible that immigrants, accounting for variable percentage
in the study populations, may be lost to follow-up in greater
proportions than patients from the native population, but
the effect of this phenomenon on overall survival rates could
not be assessed using these data.

To evaluate any systematic differences between regional
and national cancerregistries in respect of provision of survival
data, the official national mortality data were compared graph-
ically with a mortality estimate based on incidence and sur-
vival provided by the cancer registries. The official mortality
data and the mortality estimate derived from registry-based
incidence and survival for the same period do not correspond
exactly for several reasons: (i) the (age-standardised) mortality
is annual mortality in the 0-14 years age group, but the survival
reflects also deaths in the age group 15-19 years, if they were
diagnosed at 10 years or more and then followed up for over
5years. (ii) In our formula, we used 5-year survival, while there
is still excess mortality among childhood cancer patients
after the first five follow-up years, accounted for in official
cancer mortality. (iii) The official mortality figures include sur-
vival experience of the patients diagnosed before the period
1988-1997, while survival estimates also include survival time
after 1997. However, mortality estimates based on incidence
and survival derived from the (pooled) regional registries corre-
late with the national mortality just as well as those from the
national cancer registries. This provides evidence against a
systematic difference in survival data provided by the regional
as compared with national registries contributing to the ACCIS
database.

Based on reports from clinical and epidemiological stud-
ies, it can be concluded that the immense work carried out
in developing improved therapies for childhood cancer pa-
tients has borne fruit. However, after surviving for 5 years,
childhood cancer patients still experience excess mortality
that is mostly related to late relapses and recurrences.” The
existing geographical differences in Europe are indicative of
the potential for further improvement. It is encouraging to
note continued increase in survival in the majority of the
diagnostic groups over the study period even in the North,
the region with most favourable results [Magnani and
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colleagues, this issue]. Continuing data collection and follow-
up of the patients and systematic analysis on a European le-
vel will facilitate monitoring of population-based survival of
childhood cancer patients and evaluation of European public
health policy in paediatric oncology.

Conflict of interest statement

None declared.

Acknowledgements

The ACCIS project was funded by the European Commission
from ‘Europe Against Cancer’ action programme (1996-2002)
(contracts SI2.126875, SI2.321970 and SPC.2002303), jointly
with International Agency for Research on Cancer (IARC).
Data analyses were partly financed by the French Ligue Na-
tional Contre le Cancer, Comité du Rhone. The Childhood Cancer
Research Group receives funding from the Department of
Health and the Scottish Ministers. The views expressed in
the publication are those of the authors and not necessarily
those of the Department of Health and the Scottish Ministers.
The authors thank Mr Nicolas Mitton for his inputin the set-
up and management and exploration of the ACCIS database,
the members of ACCIS Scientific Committee for steering the
study and the Guest Editors for comments on earlier drafts.
The following collaborators from the cancer registries con-
tributed actively to this ACCIS study: S.V. Petrovich, O. Budanov
(Belarus); H. Storm, N. Christensen (Denmark); T. Aareleid
(Estonia); T. Hakulinen, R. Sankila, E. Pukkala (Finland); E. Le
Gall, I. Tron (Brittany, France), B. Lacour, E. Desandes (Lorraine,
France), J.L. Bernard, P. Pillon, J.C. Gentet (PACA and Corsica,
France), F. Freycon, C. Berger (Rhone Alps, France), L. Remontet
(Francim, France), A. Danzon, M. Mercier (Doubs, France), A.V.
Guizard (Manche, France), M. Velten (Bas-Rhin, France), A. Bue-
mi (Haut-Rhin, France), N. Raverdy (Somme, France); P. Kaatsch
(Germany); D. Schuler, Z. Jakab, G. Borgulya (Hungary); L. Try-
ggvadottir, J.G. Jonasson, K. Bjarnadottir (Iceland); H. Comber,
F. Dwane (Ireland); C. Magnani, G. Pastore (Piedmont, Italy), F.
Pannelli, C. Pascucci (Marche, Italy), S. Ferretti (Ferrara, Italy),
E. Conti, V. Ramazzotti, M.C. Cercato (Latina Province, Italy),
M. Vercelli, A. Puppo (Liguria, Italy), P. Crosignani, G. Tagliabue,
A. Tittarelli (Lombardy, Italy), V. De Lisi, P. Sgargi (Parma, Italy),
R. Tumino (Ragusa, Italy), M. Budroni, D. Piras (Sassari, Italy), E.
Paci, E. Crocetti (Tuscany, Italy), F. La Rosa, F. Stracci (Umbria,
Italy), P. Zambon, S. Guzzinati (Veneto, Italy); M. Dalmas (Mal-
ta); J.W. Coebergh, J. van Dijck, H. de Ridder-Sluiter, A. Wit
(Netherlands); F. Langmark, A. Johansen, A. Andersen (Nor-
way); L Plesko (Slovakia); M. Primic Zakelj, V. Pompe-Kirn
(Slovenia); R. Peris-Bonet, B. Giner (Spain), E. Almar Marques,
A. Mateos Ramos (Albacete, Spain), J. Ramon Quiros Garcia,
A. Cafiada Martinez (Asturias, Spain), I. Izarzugaza (Basque,
Spain), P. Viladiu, R. Marcos, A. Izquierdo (Girona, Spain), C.
Martinez Garcia (Granada, Spain), A. Obrador, I. Garau (Mall-
orca, Spain), E. Ardanaz (Navarra, Spain), J. Borras, J. Galceran
(Tarragona, Spain), J. de la Barcena Guallar, M.C. Martos Jimé-
nez (Zaragoza, Spain); G. Jundt (Basel, Switzerland), C. Bouc-
hardy, M. Usel (Geneva, Switzerland), J. Allemann, H. Frick

(Graubtinden and Glarus, Switzerland), T. Fisch, S. Ess (St Gal-
len Appenzell, Switzerland), F. Joris, D. de Weck (Valais, Swit-
zerland); C.A. Stiller, M.E.G. Murphy, G.J. Draper (England and
Wales, UK), A. Gavin, C. Fox, W. Hamill, R. Middleton (Northern
Ireland, UK), D. Brewster, L. Bhatti, A. McDonald (Scotland, UK).

The authors also acknowledge the collaborators from the
other registries participating in ACCIS, whose data were not
included in this paper.

REFERENCES

1. Capocaccia R, Gatta G, Magnani C, Stiller C, Coebergh J-W,
editors. Childhood cancer survival in Europe 1978-1992: the
EUROCARE study. Eur J Cancer 2001;37:671-816.

2. Levi F, La Vecchia C, Negri E, Lucchini F. Childhood cancer
mortality in Europe, 1955-1995. Eur J Cancer 2001;37:785-809.

3. Steliarova-Foucher E, Stiller C, Kaatsch P, et al. Geographical
patterns and time trends of cancer incidence and survival
among children and adolescents in Europe since 1970s: the
ACCIS project. Lancet 2004;364:2087-105.

4. KramarovaE, Stiller CA, Ferlay ], et al. International classification
of childhood cancer 1996. IARC technical report no. 29. Lyon:
International Agency for Research of Cancer; 1996.

5. Berkson J, Gage RP. Calculations of survival rates for cancer.
Proc Staff Meet Mayo Clin 1950;5:270-86.

6. Kalbfleisch JD, Prentice RL. The statistical analysis of failure time
data. New York: John Wiley & Sons; 1980.

7. Ederer F, Axtell LM, Cutler SJ. The relative survival rate: a
statistical methodology. Natl Cancer Inst Monogr 1961;6:101-21.

8. WHO Statistical Information System (WHOSIS). WHO
mortality database. 4th January 2005. Available from
www-depdb.iarc.fr/.

9. Kirkwood B. Essentials of medical statistics. Oxford: Blackwell
Scientific Publications; 1988.

10. Parkin DM, Hakulinen T. Analysis of survival. In: Jensen OM,
Parkin DM, MacLennan R, Muir CS, Skeet RG, editors. Cancer
Registration: principles and methods. IARC scientific publications
no. 95. Lyon: International Agency for Research on Cancer;
1991. p. 175-6.

11. Ries LAG, Eisner MP, Kosary CL, et al., editors. SEER cancer
statistics review, 1975-2000. Bethesda, MD: National Cancer
Institute; 2003. Available from http://seer.cancer.gov/csr/
1975_2000.

12. Terracini B, Coebergh JW, Gatta G, et al. Childhood cancer
survival in Europe: an overview. Eur ] Cancer 2001;37:810-6.

13. Gatta G, Corazziari I, Magnani C, Peris-Bonet R, Roazzi P,
Stiller C. The EUROCARE Working Group. Childhood cancer
survival in Europe. Ann Oncol 2003;14(suppl 5):v119-27.

14. Gustafsson G, Schmiegelow K, Forestier E, et al. Improving
outcome through two decades in childhood ALL in the Nordic
countries: the impact of high-dose methotrexate in the
reduction of CNS irradiation. Nordic Society of Pediatric
Haematology and Oncology (NOPHO). Leukemia
2000;14:2267-75.

15. Mott MG, Mann JR, Stiller CA. The United Kingdom Children’s
Cancer Study Group the first 20 years of growth and
development. Eur ] Cancer 1997;33:1448-52.

16. Ablett S, Pinkerton CR, United Kingdom Children’s Cancer
Study Group (UKCCSG). Recruiting children into cancer trials
- role of the United Kingdom Children’s Cancer Study Group
(UKCCSG). Br ] Cancer 2003;88:1661-5.

17. Moller TR, Garwicz S, Barlow L, et al. Decreasing late
mortality among five-year survivors of cancer in childhood
and adolescence: a population based study in the Nordic
countries. J Clin Oncol 2001;19:3173-81.


http://www-depdb.iarc.fr/
http://seer.cancer.gov/csr/1975_2000
http://seer.cancer.gov/csr/1975_2000

	Geographical comparison of cancer survival in European children (1988-1997): Report from the Automated Childhood Cancer Information System project
	Introduction
	Patients and methods
	Results
	Discussion
	Conflict of interest statement
	Acknowledgements
	References


