EUROPEAN JOURNAL OF CANCER 42 (2006) 2124-2135

available at www.sciencedirect.com

'

sciencE|
Q@.

journal homepage: www.ejconline.com

Bone tumours in European children and adolescents,
1978-1997. Report from the Automated Childhood
Cancer Information System project

C.A. Stiller**, S.S. Bielack?*, G. Jundt?, E. Steliarova-Foucher®

@Childhood Cancer Research Group, Department of Paediatrics, University of Oxford, 57 Woodstock Road, Oxford OX2 6HJ, UK
®Paediatrics 5 (Haematology, Oncology, Immunology), Olgahospital, Stuttgart, Germany

“University Children’s Hospital Miinster, Department of Paediatric Haematology and Oncology, Miinster, Germany

dBasel Cancer Registry and Bone Tumour Reference Centre at the Institute of Pathology, University Hospital Basel, Basel, Switzerland
®Descriptive Epidemiology Group, International Agency for Research on Cancer, Lyon, France

ARTICLE INFO ABSTRACT

Keywords: Data on 5572 children and adolescents diagnosed with malignant bone tumours (Interna-
Childhood cancer tional Classification of Childhood Cancer, Group VIII) before the age of 20 years during
Adolescent 1978-1997 in Europe were extracted from the Automated Childhood Cancer Information
Bone neoplasms System (ACCIS) database. Age-standardised incidence among children during the period
Osteosarcoma 1988-1997 was similar for boys and girls aged 0-14 years (5.5-5.6 per million). Among ado-
Ewing’s sarcoma lescents aged 15-19 years, males had higher incidence (19.3 per million) than females (10.7
Europe per million). Among children, osteosarcoma accounted for 51% of registrations and Ewing’s
Epidemiology sarcoma for 41%. Among adolescents, 55% of registrations were osteosarcoma and 28%
Incidence Ewing’s sarcoma. Both tumours had their highest incidence in late childhood or early ado-
Survival lescence. There were no significant time trends in incidence during 1978-1997. Five-year
Registry survival estimates for patients diagnosed during 1988-1997 were, respectively, 59% and
51% among children and adolescents with osteosarcoma and 62% and 30% among children
and adolescents with Ewing’s sarcoma. Between 1978-1982 and 1993-1997, survival
increased for both children and adolescents with osteosarcoma, and for children with

Ewing’s sarcoma.
© 2006 Elsevier Ltd. All rights reserved.
1. Introduction occurring in young people under the age of 20 years are oste-

osarcoma and Ewing’s sarcoma. Most malignant bone tu-

Malignant bone tumours account for 3-5% of cancers diag-
nosed in children under 15 years of age® and 7-8% of those
in adolescents aged 15-19 years in western populations.?
Malignant bone tumours comprise more than 20 different
entities, classified according to either the direct product of
the tumour cells (e.g. osteoid in osteosarcomas) or the type
of tissue they form (e.g. vascular channels in angiosarcoma
of bone).? The great majority of malignant bone tumours

* Corresponding author: Tel.: +44 1865 315925; fax: +44 1865 315940.

mours, including both of these types, must be regarded as
high-grade sarcomas that, at the time of diagnosis, are likely
to have spread to distant sites, especially the lungs. In the
pre-chemotherapeutic era, their prognosis was very poor,
since treatment was focussed on local procedures.

Identified risk factors for osteosarcoma are limited to ion-
ising radiation, e.g. radiotherapy for a previous cancer, and
certain genetic conditions including familial retinoblastoma,
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Li-Fraumeni syndrome and Rothmund-Thomson syn-
drome.*® Ewing’s sarcoma has long been known to have
lower incidence among black and East Asian populations,®
indicating that genetic factors may be important in its aetiol-
ogy. Cytogenetic differences between Ewing’s tumours from
European and Japanese patients lend further support to this
suggestion.” Analyses of combined data from several
case-control studies in North America and Australia have
confirmed earlier findings of a raised risk with a history of
umbilical hernia, possibly with a common environmental
cause,® and with parental occupation in farming, though
with no indication of the relative importance of exposure to
particular categories of chemicals or animals.’

This paper presents geographical patterns and time trends
in the incidence and survival rates for malignant bone tu-
mours among children and adolescents in Europe and identi-
fies needs for further studies. The analyses are based on a
large European database within the Automated Childhood
Cancer Information System (ACCIS), which contains data
from 80 population-based cancer registries in 35 participating
countries.™®

2. Material and methods

Malignant bone tumours were defined as all those neoplasms
in group VIII of the International Classification of Childhood
Cancer (ICCC).* All 5572 malignant bone tumours registered
since 1978 in patients under 20 years of age in 59 participating
cancer registries of 19 European countries were extracted
from the ACCIS database (Table 1). This number included
2883 osteosarcomas (ICCC subgroup VllIa), 231 chondrosarco-
mas (ICCC subgroup VIIIb), 2130 Ewing’s sarcomas (ICCC sub-
group VIIIc), 165 other specified malignant tumours (ICCC
subgroup VIIId) and 163 unspecified tumours (ICCC subgroup
VlIle). Information available for each case included basic
demographic data (age, sex, country or region of residence),
information on the tumour (date of incidence, site, morphol-
ogy, basis of diagnosis and laterality) and on follow-up (date
of last contact and vital status). Detailed information on the
database is given elsewhere [Steliarova-Foucher, Kaatsch, La-
cour, and colleagues, this issue].

The selected cancer registries (Table 1) met defined quality
criteria for completeness, validity and comparability [Steliar-
ova-Foucher, Kaatsch, Lacour, and colleagues, this issue]. Ta-
ble 1 shows the numbers of cases and indicators of data
quality for each set of analyses. In nearly all the registries,
more than 95% of cases were microscopically verified and,
among those registries with access to mortality data, fewer
than 1% were registered from death certificate only (DCO).

The contributing countries were grouped into five Euro-
pean regions according to geographical location, socio-
economic characteristics and data availability, as shown in
Table 1. The underlying population at risk for each combina-
tion of registration area, calendar year, sex and single year of
age was extracted, where available, from official statistics and
otherwise was estimated by linear interpolation from avail-
able data [Steliarova-Foucher, Kaatsch, Lacour, and col-
leagues, this issue]. Only in the Northern region did all
contributing registries provide data for the full age range 0-
19 years. In all the other regions, substantial numbers of cases

came from paediatric registries that did not cover adolescents
aged 15-19 years.

For the analyses of time trends, the available time-span
was divided into four periods of 5 years: 1978-1982, 1983-
1987, 1988-1992 and 1993-1997. The registries contributing
to the analyses of time trends were those covering at least
three periods, as shown in Table 1. Quality indicators for the
combined data included in the analyses of time trends are
shown in Table 2, by time period and geographical region.

Incidence rates were calculated as the average annual
number of cases per million person-years. Age-standardised
rates (ASR) were calculated from the age-specific incidence
rates for 5-year age groups weighted according to the World
standard population. Variations in incidence between the five
European regions were analysed by Poisson regression. Time
trends in incidence were evaluated using Poisson regression,
adjusted for sex, age and region as appropriate, and ex-
pressed as an average annual percentage change (AAPC).

The duration of survival for each case 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 for
the given cancer registry. Survival rates were analysed using
the life-table method. DCO cases and those without follow-
up were excluded from the survival analyses. The extent of
these exclusions can be evaluated from Tables 1 and 2. Varia-
tions in survival between groups of patients were tested by
log-rank tests.'> More details on the methods used can be
found elsewhere [Steliarova-Foucher, Kaatsch, Lacour, and
colleagues, this issue]. To assess differences in survival be-
tween children and adolescents we analysed data from the
restricted set of registries covering the whole age range 0-19
years.

3. Results

Table 3 shows incidence of bone tumours during 1988-1997
by 5-year age group among males and females in Europe
as a whole, and Fig. 1 shows incidence by single year of
age. Osteosarcoma was the most frequent subgroup,
accounting for 52% of all registrations. Ewing’s sarcoma
was second most frequent, accounting for 34%. Chondrosar-
coma and other specified tumours accounted for 6% and 4%,
respectively, and 4% of registrations were for tumours of
unspecified type. All types of bone tumour were very rare
before the age of 4 years (Fig. 1). For all bone tumours com-
bined, and for osteosarcoma, Ewing’s sarcoma and chondro-
sarcoma, incidence increased with age until a peak in late
childhood or adolescence and then declined. Incidence rates
for all subgroups were similar for boys and girls throughout
childhood (Table 3, Fig. 1). Incidence of osteosarcoma
reached a marked peak at age 15 years among males, how-
ever, and remained higher than among females thereafter.
Incidence of Ewing’s sarcoma among males was slightly
higher at age 15-18 years than at 11-14 years, starting to de-
cline only at age 19 years (Fig. 1), whereas among females
the incidence was substantially lower than in late childhood
(Table 3, Fig. 1). In consequence, incidence rates for all bone
tumours combined were similar for males and females dur-
ing childhood, whereas there was a pronounced male excess
among adolescents (Fig. 1).



Table 1 - Data-sets contributed by the European cancer registries for the analyses of incidence and survival for bone tumours in children (age 0-14 years) and adolescents

(age 15-19 years), with indicators of coverage, data quality and follow-up (Source: ACCIS)

Region Registry Coverage Number of cases by age-range Basis of diagnosis Survival analysis Notes
Period Time-trend 0-14 15-19 NOS (VIIle) MV DCO unknown Included Closing date FU > 5y
% % % % n % %
Britain & IRELAND, National 1994-1997 25 23 4 96 0 0 47 98  31.12.1998 0
Ireland UNITED KINGDOM, 1978-1995 + 992 - 2 9% <1 0 985 99  31.1.2001 99 P

England & Wales
UNITED KINGDOM, 1993-1996 8 12 15 90 0 0 20 100 31.12.1999 7
Northern Ireland
UNITED KINGDOM, 1978-1997 + 113 111 4 99 0 0 224 100  31.12.1999 83
Scotland

East BELARUS, National 1989-1997 120 - <1 100 0 0 120 100  1.9.2000 90 P
ESTONIA, National 1978-1997 + 36 23 19 86 0 0 59 100 31.12.1998 44
HUNGARY, National 1978-1997 + 223 - 1 100 - 0 223 100  1.1.2000 78 P
SLOVAKIA, National 1978-1997 + 134 104 5 96 3 0 227 95 31.12.1997 55
GERMANY, NCR (only 1978-1989 + 263 236 5 100 0 0 450 90 31.12.1987 66 S
former East)

North DENMARK, National 1978-1997 + 115 86 7 97 0 1 200 100  31.12.1997 68
FINLAND, National 1978-1997 + 104 94 4 99 0 <1 198 100  31.12.1998 73
ICELAND, National 1978-1997 + 9 7 13 100 0 0 16 100  31.12.2000 90
NORWAY, National 1978-1997 + 103 98 7 100 0 0 201 100 1.1.2000 70

South ITALY, Piedmont 1978-1997 + 114 - 0 98 0 0 114 100  31.12.1999 92 P 02
paediatric
ITALY, Marche 1990-1997 14 - 7 86 - 0 14 100  30.9.2000 33 P o3
ITALY, Ferrara 1991-1995 1 2 33 67 0 0 3 100 31.12.1998 -
ITALY, Latina 1983-1997 + 10 2 8 92 0 0 12 100 31.12.1998 100
ITALY, Liguria 1988-1995 4 3 14 86 0 0 7 100  15.4.2000 100
ITALY, Lombardy 1978-1997 + 28 16 5 98 0 0 44 100  23.9.1999 52
ITALY, Macerata 1991-1997 2 1 33 100 - 0 3 100 30.9.2000 0 o3
ITALY, Parma 1978-1995 + 7 6 0 100 0 0 13 100  1.4.1999 86
ITALY, Piedmont 1988-1997 9 6 0 93 0 0 15 100 31.5.2001 86 02
general
ITALY, Ragusa 1983-1997 + 6 7 8 100 0 23 13 100  30.3.2000 100
ITALY, Sassari 1992-1995 4 3 0 100 0 0 7 100 30.12.1999 100
ITALY, Tuscany 1988-1997 10 16 0 58 0 0 26 100 31.12.1998 38
ITALY, Umbria 1994-1996 1 1 0 100 0 0 2 100 31.12.1999 100
ITALY, Veneto 1990-1996 16 6 14 82 5 0 21 95  31.12.1998 40
MALTA, National 1991-1997 2 2 0 100 0 0 4 100 31.12.1999 100
SLOVENIA, National 1978-1997 + 48 34 0 100 0 0 82 100 31.12.1999 72
SPAIN, National 1990-1995 100 - 3 99 0 0 99 99  31.12.2000 90 Po4Z
SPAIN, Albacete 1991-1997 6 5 0 73 0 0 11 100  15.9.2000 80
SPAIN, Asturias 1983-1997 + 31 21 6 96 2 0 51 98  31.12.1997 55
SPAIN, Basque Country 1988-1994 24 22 4 100 0 0 46 100  31.12.2000 100 o4
SPAIN, Canary Islands  1993-1996 12 6 6 89 6 0 = = = =
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SPAIN, Girona 1994-1997 2 2 0 100 0 0 3 75 31.12.1997 0 o4
SPAIN, Granada 1988-1997 20 - 5 95 0 0 20 100 31.12.1999 58 G
SPAIN, Mallorca 1988-1995 8 6 7 100 0 0 14 100 31.12.1998 75 o4
SPAIN, Navarra 1978-1996 + 18 11 3 97 3 0 28 97 31.12.1997 59 o4
SPAIN, Tarragona 1983-1997 + 13 9 5 100 0 0 22 100 31.12.1998 36 o4
SPAIN, Zaragoza 1978-1996 + 17 21 3 92 5 0 36 95 31.12.1996 62 o4
TURKEY, Izmir 1993-1996 14 29 5 98 = 0 = = = =

West FRANCE, Brittany 1991-1997 26 - 4 100 - 12 26 100 1.1.2000 76 P
FRANCE, Lorraine 1983-1997 + 51 - 2 100 - 0 51 100 1.1.1999 62 P
FRANCE, PACA 1984-1996 + 80 - 4 100 - 0 74 93 31.3.1998 45 P
FRANCE, Rhone Alpes  1988-1997 77 - 3 100 - 0 74 96 1.6.2000 55 P ol
FRANCE, Doubs 1978-1996 + 20 15 3 40 — 3 34 97 1.6.2001 21
FRANCE, Herault 1988-1997 12 9 0 100 - 0 - - - -
FRANCE, Isere 1979-1997 + 27 25 2 100 - 0 - - - - ol
FRANCE, Manche 1994-1996 5 2 0 100 - 0 4 57 31.5.2000 0 S
FRANCE, Bas-Rhin 1978-1996 + 21 19 0 100 - 0 40 100 31.12.1997 81
FRANCE, Haut-Rhin 1988-1997 10 3 0 92 - 8 6 46  31.12.1995 100 S
FRANCE, Somme 1983-1996 + 6 8 0 100 — 0 14 100 15.8.2000 75
FRANCE, Tarn 1983-1997 + 7 5 0 100 - 0 - - - -
GERMANY, GCCR (East  1991-1997 + 570 - <1 100 - 0 546 96 31.12.1998 38 P
and West)
GERMANY, GCCR (only 1983-1990 + 471 - <1 100 - 0 469 100 31.12.1998 94 P
former West)
NETHERLANDS, 1989-1995 108 135 <1 99 - 0 107 44  31.12.1998 55 S o5
National
NETHERLANDS, 1978-1997 + 28 23 0 98 - 2 51 100 1.7.1999 58 o5
Eindhoven
SWITZERLAND, Basel 1983-1997 + 9 6 0 100 - 13 15 100 30.6.2000 89
SWITZERLAND, 1978-1997 + 9 11 0 100 0 0 20 100 31.12.1999 89
Geneva
SWITZERLAND, 1989-1997 2 4 0 100 0 17 6 100 25.5.2000 80
Graubunden & Glarus
SWITZERLAND, St. 1983-1997 + 9 13 0 100 0 0 22 100 1.2.2001 50
Gallen Appenzell
SWITZERLAND, Valais 1989-1997 2 1 0 100 0 0 = = = = S

n, number of cases registered in the given period; NCR, National Cancer Registry of the former German Democratic Republic. Data for 1978-1987 contributed only to analyses of time trends for Europe
as a whole. Data on children for 1988-1989 were pooled with GCCR and included in West. For explanation, see Steliarova-Foucher, Kaatsch, Lacour and colleagues (this issue); GCCR, National German
Childhood Cancer Registry (until 1990 only West, since 1991 for reunified Germany); PACA, Provence, Alps, Cote d’Azur; +, included in time trends; NOS (VIIle) %, percentage of cases in ICCC subgroup
Vlile, Unspecified malignant bone tumours; MV %, percentage of microscopically verified cases; DCO %, percentage of registrations from death certificate only; Unknown %, percentage of
registrations with unknown basis of diagnosis; FU > 5y %, percentage of cases followed up for at least 5 years among those not deceased by 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; S, survival analyses were possible only for a restricted data-set [see Steliarova-Foucher,
Kaatsch, Lacour and colleagues, this issue]; 01-05, overlapping registration areas: for the overlapping years, data from the registry with larger coverage are included in each analysis, according to
availability; Z, covers only selected areas, see Steliarova-Foucher, Kaatsch, Lacour et al. (this issue).
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Table 2 - Numbers of cases and indicators of data quality and follow-up by region and age group for time trend analyses of incidence and survival for bone tumours in

children (age 0-14 years) and adolescents (age 15-19 years) in Europe, 1978-1997 (Source: ACCIS)

Region Period Children (age 0-14 years) Adolescents (age 15-19 years)
Cases Histology NOS Basis of diagnosis Follow-up Cases Histology Basis of diagnosis Follow-up
MV DCO Unknown 1+ days 5+ years NOS MV DCO Unknown 1+ days 5+ years
n % % % % % % n % % % % % %
a b c d e f g a b c d e f g
Europe 1978-1982 777 3 99 <1 <1 100 99 377 5 98 <1 0 100 100
1983-1987 1032 3 98 <1 <1 99 89 341 9 96 <1 <1 99 74
1988-1992 954 2 97 <1 2 98 91 206 4 96 <1 0 99 94
1993-1997 929 2 99 <1 <1 97 31 241 5 98 0 <1 100 13
British Isles 1978-1982 363 2 100 0 <1 100 97 40 5 100 0 0 100 100
1983-1987 280 3 97 <1 2 99 99 25 12 100 0 0 100 100
1988-1992 280 3 91 1 6 99 99 26 8 100 0 0 100 100
1993-1997 182 2 96 <1 3 99 90 22 0 100 0 0 100 27
East 1978-1982 86 6 98 1 0 99 100 37 11 95 3 0 97 100
1983-1987 88 7 95 1 0 95 97 42 14 90 2 0 90 100
1988-1992 112 4 97 <1 0 99 95 41 10 93 2 0 98 100
1993-1997 107 2 99 0 0 100 27 50 2 98 0 0 100 4
North 1978-1982 101 5 99 0 0 100 100 101 5 99 0 0 100 100
1983-1987 80 9 98 0 1 100 100 80 9 98 0 1 100 100
1988-1992 63 0 100 0 0 100 100 63 0 100 0 0 100 100
1993-1997 87 13 95 0 2 100 11 87 13 95 0 2 100 11
South 1978-1982 68 1 97 0 0 100 100 40 3 100 0 0 100 100
1983-1987 87 1 99 0 0 100 100 51 2 98 0 0 100 100
1988-1992 72 3 99 0 0 100 98 40 5 98 0 0 100 95
1993-1997 65 2 100 0 0 100 23 47 2 100 0 0 100 3
West 1978-1982 30 0 83 0 0 100 100 30 0 83 0 0 100 100
1983-1987 389 1 99 0 <1 100 92 35 0 89 0 3 100 71
1988-1992 401 1 99 0 0 98 82 36 0 89 0 0 100 69
1993-1997 488 1 100 0 0 95 19 35 0 100 0 0 96 40

Europe also includes data from the former GDR. n, number of cases registered in the given period; NOS, unspecified histology type; MV (%), percentage of microscopically verified cases; DCO (%),
percentage of registrations from death certificate only; Unknown (%), percentage of registrations with unknown basis of diagnosis; 1+ days (%), percentage of cases included in survival analyses.
Refers to the total registrations in the registries with follow-up; 5+ years (%), percentage of cases followed-up for at least 5 years among those included in survival analyses and not deceased by
closing date.
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Table 3 - Annual incidence rates per million of malignant bone tumours in Europe, 1988-1997 (Source: ACCIS)

Age Numbers Rates
0-14 15-19 04 5-9 10-14 0-14 (ASR) 15-19
Male
Osteosarcoma 644 245 0.2 2.3 6.8 2.8 10.8
Chondrosarcoma 29 36 0.0 0.0 0.4 0.1 1.6
Ewing’s sarcoma 522 124 0.9 2.2 44 24 5.5
Other specified 34 19 0.0 0.2 0.3 0.2 0.8
Unspecified 35 15 0.1 0.1 0.2 0.2 0.7
Total 1264 439 13 4.8 121 5.6 19.3
Female
Osteosarcoma 626 127 0.3 2.5 6.7 2.9 5.8
Chondrosarcoma 32 21 0.0 0.1 0.3 0.1 1.0
Ewing’s sarcoma 474 61 0.8 2.2 4.2 2.2 2.8
Other specified 31 14 0.1 0.1 0.3 0.1 0.6
Unspecified 21 10 0.1 0.1 0.1 0.1 0.5
Total 1184 233 1.3 5.0 11.6 5.5 10.7
Both sexes
Osteosarcoma 1270 372 0.2 24 6.8 2.8 8.4
Chondrosarcoma 61 57 0.0 0.1 0.4 0.1 1.3
Ewing’s sarcoma 584 185 0.9 2.2 4.3 2.3 4.2
Other specified 38 33 0.1 0.1 0.3 0.2 0.7
Unspecified 56 25 0.1 0.1 0.2 0.1 0.6
Total 2448 672 1.3 49 11.9 5.5 15.1
ASR, age-standardised rate (World standard).
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Fig. 1 - Age-specific incidence rates of malignant bone tumours in boys (n = 1703) and girls (n = 1417) in Europe, 1988-1997.
Total, all malignant bone tumours; VIIIa, osteosarcoma; VIIIb, chondrosarcoma; VIIic, Ewing’s sarcoma of bone; VIIId, other
specified bone tumours; VIile, unspecified bone tumours. Source: ACCIS.

Table 4 shows incidence rates in the five European regions.
Within each region, incidence rates at age 0-14 years from
registries that covered the age range 0-19 years were similar
to those from the complete set of registries, indicating that
ascertainment levels were similar in the paediatric and gen-
eral cancer registries (results not shown). Total bone tumour
incidence among both children and adolescents was higher
in the South and West than in the other regions. For osteosar-
coma, the most noticeable inter-regional variations were that
in childhood the highest incidence was in the South, while in
adolescence the lowest incidence was in the East. Ewing’s sar-

coma was markedly less frequent in Northern Europe than in
other regions. There was a pattern of increasing incidence of
Ewing’s sarcoma from north to south for both age groups
combined and among children, though it was less clear
among adolescents.

The results of the analyses of time trends in bone tumour
incidence during 1978-1997 are shown in Table 5 for Europe as
a whole and in Fig. 2 for the five European regions. Among
children in Europe as a whole there were no significant trends
in incidence. In Eastern Europe there was a significant in-
crease in total bone tumour ASR at age 0-14 years (AAPC
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Table 4 - Numbers of cases (n) and annual incidence rates per million for malignant bone tumours in the five European

regions, 1988-1997 (Source: ACCIS)

Boys Girls Both sexes
0-14 years 15-19 years 0-14 years 15-19 years 0-14 years 15-19 years
n ASR n Rate n ASR n Rate n ASR n Rate

Osteosarcoma

British Isles 135 2.6 26 9.7 127 2.6 12 4.7 262 2.6 38 7.3

East 78 23 23 8.1 90 2.7 9 33 168 2.5 32 5.8

North 46 3.0 58 11.6 40 2.7 28 5.8 86 2.8 86 8.8

South 75 3.1 72 12.2 96 4.2 24 4.3 171 3.6 96 8.3

West 310 29 66 10.5 273 2.7 21 7.8 583 2.8 120 9.7
Ewing sarcoma

British Isles 116 23 21 7.8 84 1.8 6 23 200 2.0 27 5.2

East 59 1.8 19 6.7 72 2.3 11 4.1 131 2.1 30 5.4

North 23 15 13 2.6 19 1.3 9 1.9 42 14 22 2.2

South 65 29 41 6.9 70 3.1 17 3.0 135 3.0 58 5.0

West 259 2.6 30 4.8 229 24 18 3.0 488 245 48 3.9
Total bone tumours

British Isles 270 5.3 53 19.8 225 4.7 24 9.4 495 5.0 77 14.7

East 157 4.7 49 17.3 182 5.7 25 9.2 339 5.2 74 13.3

North 80 5.3 82 16.4 70 4.9 42 8.8 150 5.1 94 10.3

South 159 6.9 132 224 173 7.6 54 9.6 332 7.2 186 16.1

West 598 5.8 123 19.5 534 5.5 88 14.6 1132 5.6 211 17.1

ASR, age-standardised rate (World standard).

Table 5 - Trends in the incidence of malignant bone tumours among European children and adolescents, 1978-1997

(Source: ACCIS)

Age 0-14 years

Age 15-19 years

n AAPC (95% CI) n AAPC (95% CI)
Total 3429 -0.13 (—0.78-0.53) 775 0.31 (—0.95-1.59)
Osteosarcoma 1766 0.43 (—0.49-1.35) 437 0.51 (-1.16-2.21)
Chondrosarcoma 83 0.90 (—3.54-5.54) 63 0.34 (—4.40-5.32)
Ewing’s sarcoma 1430 -1.01 (—2.02-0.01) 221 —-0.07 (—2.50-2.42)
Other specified 68 -1.28 (—6.25-3.96) 41 - -
Unspecified 82 0.63 (—3.49-4.93) 35 - -

Numbers of cases (n) and average annual percentage change (AAPC) from models including sex, region and (for children) age group. Results not

given for subgroups with fewer than 50 registrations.

2.9, P=0.002). This was entirely due to an increase in osteo-
sarcoma (AAPC 4.6, P=0.001); no change was seen in the
other subgroups. No changes were seen among adolescents
in Europe as a whole, but rates were increasing in the South
and West (Fig. 2).

Table 6 shows 5-year survival rates for children and ado-
lescents diagnosed during 1988-1997. Adolescents had lower
survival than children, with the difference being much more
marked for Ewing’s sarcoma than for osteosarcoma. In the re-
stricted data-set from registries covering the whole age range
0-19 years, survival for all bone tumours combined was sig-
nificantly higher (P =0.007) among children (n =554, 5-year
survival 58%, 95% CI 53-62) than among adolescents
(n = 483, 5-year survival 47%, 95% CI 43-52); differences in sur-
vival between children and adolescents were also significant
for Ewing’s sarcoma and unspecified bone tumours, but not

for osteosarcoma. Inter-regional comparisons within each of
these two age groups are based on the full data-set. Among
children, the East had the lowest survival rates for all bone tu-
mours combined. For osteosarcoma, survival was lowest in
the East, intermediate in the British Isles, and higher in the
other three regions (pooled estimate 65%, 95% CI 61-68). For
Ewing’s sarcoma, survival was again lowest in the East, while
the other four regions had similar, higher survival rates
(pooled estimate 66%, CI 63-70). Among adolescents, survival
was low in the East for all bone tumours combined and for
Ewing’s sarcoma; otherwise no substantial interregional dif-
ferences were observed.

Table 7 presents trends in survival during 1978-1997. In
Europe as a whole, survival for all bone tumours combined in-
creased significantly among both children and adolescents.
Survival also increased in both age groups for osteosarcoma.
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Fig. 2 - Time trends of incidence rates of malignant bone tumours in Europe. Age standardised rates (ASR) in children aged
0-14 years (n = 3692) and age-specific rates in adolescents aged 15-19 years (n = 1163). Source: ACCIS.

Table 6 - Five year survival (95% CI) of children and

adolescents with malignant bone tumours diagnosed
1988-1997 (Source: ACCIS)

Age 0-14 Age 15-19
n Survival % n  Survival %

Europe

Osteosarcoma 1215 59 (56-62) 270 51 (44-57)

Chondrosarcoma 57 64 (49-75) 35 85 (67-93)

Ewing’s 938 62 (58-65) 144 30 (22-38)

Other specified 62 79 (66-88) 6 -

Unspecified 50 71 (55-82) 18 -

Total 2322 61 (59-63) 483 47 (43-52)
British Isles

Osteosarcoma 259 53 (47-59) 38 62 (42-77)

Ewing’s 197 69 (62-75) 27 43 (23-61)

Total 489 61 (57-66) 77 57 (45-68)
East

Osteosarcoma 168 43 (35-51) 32 33 (17-50)

Ewing’s 131 35 (26-43) 30 10 (2-28)

Total 338 41 (36-47) 74 27 (17-38)
North

Osteosarcoma 86 65 (53-74) 86 53 (41-64)

Ewing’s 42 65 (45-79) 22 36 (17-55)

Total 150 66 (57-74) 124 52 (42-61)
South

Osteosarcoma 159 65 (56-72) 80 53 (41-64)

Ewing’s 122 61 (52-69) 47 30 (17-43)

Total 305 65 (59-70) 148 48 (39-56)
West

Osteosarcoma 543 65 (61-69) 34 52 (35-68)

Ewing’s 446 (61 71) 18 -

Other specified 23 75 (50-89) 1 -

Total 1040 66 (63-69) 60 55 (40-67)

Survival not shown for subgroups with fewer than 20 registrations.
n, number of patients with follow-up.

For Ewing’s sarcoma, however, survival increased markedly
for children, but not for adolescents. In contrast, for chondro-
sarcoma the survival rate increased for adolescents, but there
was no evidence of an increase for children. Similar patterns
of change in survival were mostly observed in the five Euro-

pean regions. The main exception was the absence of
improvement for children with Ewing’s sarcoma in the
East.

4, Discussion

This is the largest ever population-based study of bone tu-
mours in children and adolescents. There was some evidence
of geographical variation in incidence within Europe, but no
significant change in rates over time. Survival rates were gen-
erally higher for children than for adolescents, and were
markedly lower in the East than in the other European re-
gions. Survival increased substantially during the 20-year
study period.

The total incidence of malignant bone tumours in child-
hood, the increasing incidence with age, the sex ratio close
to unity and the predominance of osteosarcoma and, to a les-
ser extent, Ewing’s sarcoma found in this study are typical of
patterns observed among predominantly white populations
worldwide." There are few previous reports of incidence of
bone tumours among adolescents, but the incidence patterns
and rates observed in Europe in this study were broadly sim-
ilar to those in the SEER Program registries of the United
States of America (USA)*® and in an independent analysis of
cancer registration data for England.’* The earlier age peak
in females than in males is similar to that in the SEER data
and is presumably related to the occurrence of maximum
skeletal growth at an earlier age in girls.™

There was some variation in incidence between European
regions. The higher incidence of childhood osteosarcoma in
Southern Europe has not been previously noted, though Italy
also had one of the highest incidence rates worldwide in the
1980s." Similarly, the north-south gradient in the incidence of
Ewing’s sarcoma has not been reported previously, though
this was also present in childhood data from the 1980s.
The higher incidence in the south may be consistent with
parental employment in farming as a risk factor,” though it
should be stressed that this has not been directly investigated
in substantial numbers of patients from any European
population.

There was little evidence of consistent changes in bone tu-
mour incidence over the 20-year study period other than in
Eastern Europe. Since the analysis of trends included
many comparisons and there is no obvious explanation for
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Table 7 - Five year survival (95% CI) of children and adolescents with malignant bone tumours diagnosed 1978-1997

(Source: ACCIS)

Age 0-14 years 1978-1982 1983-1987 1988-1992 1993-1997 Ptrend
n Survival % n Survival % n Survival % n Survival %
Europe
Osteosarcoma 391 37 (32-41) 492 58 (53-62) 460 59 (55-64) 495 61 (55-65) <0.0001
Chondrosarcoma 25 60 (38-76) 24 64 (40-80) 24 67 (44-82) 19 54 (26-76) 0.9
Ewing's 312 34 (29-40) 450 52 (47-56) 375 63 (58-68) 349 66 (60-72) <0.0001
Unspecified 23 26 (11-45) 33 57 (38-73) 19 63 (38-80) 19 84 (59-95) 0.0004
Total 770 37 (33-40) 1017 56 (52-59) 904 62 (58-65) 895 63 (59-67) <0.0001
British Isles
Osteosarcoma 189 30 (24-37) 132 53 (44-61) 140 51 (43-59) 106 54 (44-63) <0.0001
Ewing’s 155 34 (26-41) 126 47 (38-55) 117 69 (60-77) 63 67 (54-77) <0.0001
Total 363 32 (27-37) 278 51 (45-56) 276 61 (55-67) 182 59 (51-66) <0.0001
East
Osteosarcoma 36 22 (30-37) 30 53 (34-69) 49 47 (33-60) 58 51 (34-65) 0.002
Ewing’s 39 31 (17-45) 42 33 (20-48) 50 36 (22-49) 40 34 (16-54) 0.2
Total 85 27 (18-37) 84 40 (29-50) 111 40 (31-50) 107 45 (33-56) 0.0006
North
Osteosarcoma 58 40 (27-52) 41 59 (42-72) 37 70 (53-82) 49 54 (33-71) 0.009
Ewing's 34 35 (20-51) 28 39 (22-57) 18 61 (35-79) 24 78 (55-90) 0.008
Total 101 38 (28-47) 80 54 (42-64) 63 67 (54-77) 87 65 (50-77) <0.0001
South
Osteosarcoma 35 49 (31-64) 48 58 (43-71) 42 61 (45-74) 35 63 (41-79) 0.2
Ewing’s 27 41 (23-58) 37 51 (34-66) 23 57 (34-74) 28 73 (49-87) 0.004
Total 68 44 (32-55) 87 54 (43-64) 72 62 (50-72) 65 67 (52-78) 0.002
West
Osteosarcoma 9 44 (14-72) 195 65 (58-72) 192 66 (59-72) 247 66 (58-73) 0.2
Ewing’s 15 47 (21-69) 173 63 (55-70) 167 68 (60-75) 194 68 (59-76) 0.07
Total 24 46 (26-64) 380 65 (59-69) 382 67 (62-71) 455 67 (61-72) 0.03

Age 15-19 years

Europe

Osteosarcoma 157 31 (24-39) 158 44 (36-51) 98 45 (35-55) 110 57 (46-67) 0.0001

Chondrosarcoma 29 48 (29-65) 27 49 (26-68) 13 85 (51-96) 17 88 (59-97) 0.006

Ewing’s 75 23 (14-33) 92 34 (24-44) 57 34 (22-46) 50 29 (15-43) 0.2

Total 294 34 (28-39) 296 42 (36-47) 182 46 (38-53) 186 51 (43-59) 0.0002
British Isles

Osteosarcoma 17 41 (19-63) 20 50 (27-69) 13 62 (31-82) 7 60 (13-88) 0.1

Total 37 35 (20-50) 32 41 (24-57) 26 65 (44-80) 16 65 (35-84) 0.004
East

Osteosarcoma 16 23 (14-34) 7 43 (10-73) 13 23 (6-47) 19 41 (18-63) 0.009

Total 138 32 (24-40) 128 37 (27-46) 32 19 (8-34) 42 36 (20-51) 0.7
North

Osteosarcoma 54 37 (24-50) 48 54 (39-67) 40 48 (32-62) 46 59 (41-74) 0.04

Ewing's 14 21 (5-41) 19 42 (20-62) 12 50 (21-74) 10 18 (2-47) 1

Total 83 38 (27-48) 78 49 (37-59) 61 51 (38-63) 63 53 (38-66) 0.048
South

Osteosarcoma 11 27 (7- 54) 15 33 (12-56) 17 31 (11-54) 25 65 (32-85) 0.1

Total 20 33 (14-55) 31 37 (20-53) 35 42 (26-58) 41 56 (38-71) 0.3
West

Osteosarcoma 11 26 (5-56) 14 53 (22-76) 15 60 (32-80) 13 45 (18-69) 0.5

Total 16 24 (6-48) 27 49 (28-67) 28 51 (31-68) 24 61 (36-79) 0.07

Survival reported only for cohorts with a minimum of 50 patients with follow-up. pyena tests the hypothesis of no increase over the periods.

the findings, it seems likely that they were due to chance. coma and less than 0.6% of other subgroups; the data for the
They are unlikely to have been influenced by changes in the East included only one case of osteosarcoma as a second pri-
occurrence of bone tumours as second or later primaries, mary neoplasm in a child. In the USA, incidence of both oste-

since these events accounted for only 1% of cases of osteosar- osarcoma and Ewing’s sarcoma increased markedly during
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the late 1970s but remained relatively constant thereafter,'®
again, there is no obvious explanation for this pattern.

Survival of adolescents with Ewing’s sarcoma was sub-
stantially and significantly lower than that of children,
whereas for osteosarcoma the difference was much smaller
and non-significant. Lower survival among adolescents has
also been observed in the USA, though the effect was less
marked.’® The comparisons of survival between children
and adolescents in the present, population-based study
broadly correspond with the findings from large multi-centre
studies. In a series of 1702 patients aged under 40 years in-
cluded in the German-Austrian-Swiss Cooperative Osteosar-
coma Study Group (COSS) studies during 1980-1998 there
was no significant effect of age on survival.’ In a further
analysis of 751 patients aged 0-14 years and 611 aged 15-19
years from the COSS studies, there was no significant survival
difference between the groups (P = 0.21, log-rank). In a study
of 975 patients diagnosed in 1978-1993 from the European
Intergroup Cooperative Ewing’s Sarcoma Study Group, sur-
vival was significantly higher for children than for older pa-
tients, a difference that was only partly attributable to the
greater frequency of favourable primary site and absence of
metastases at diagnosis among children.'® Adolescents with
Ewing’s sarcoma diagnosed in Britain during 1980-1994 had
significantly higher survival if they were included in a trial."/
In the co-operative Ewing’s sarcoma trials in the German-
speaking countries, survival of patients aged over 15 years
was higher in paediatric units than in other institutions.®
These results together suggest that differences in survival be-
tween children and adolescents with Ewing’s sarcoma would
diminish if patterns of organisation of care were to become
more similar for the two age groups.

Survival from both osteosarcoma and Ewing’s sarcoma
was lower in Eastern Europe than elsewhere, a continuation
of the pattern reported in earlier years from the Eurocare
studies.’®?? The pattern of lower survival rates in countries
of Eastern Europe for most cancers of children and adoles-
cents is discussed elsewhere®®?! [Sankila and colleagues, this
issue; Stiller, Desandes, Danon and colleagues, this issue].
Financial constraints and lack of resources are presumably
important, but lack of multi-institutional co-operation may
also be a factor in some countries within the East. Some of
the gap in survival of children with Ewing’s sarcoma between
regions or countries has been attributed to delayed diagnosis
resulting in a higher proportion of metastatic cases (as seen
in Hungary).?? It should be borne in mind that within the East,
as in most other regions, considerable heterogeneity of sur-
vival rates has been observed between individual countries
[Pritchard-Jones and colleagues, this issue].

There was rather little variation in survival between the
other four regions, except that, for osteosarcoma in the Brit-
ish Isles, survival was relatively low among children but
unexpectedly high among adolescents compared both with
the European average and with the results for children in
the British Isles. Five-year survival of adolescents with osteo-
sarcoma diagnosed in 1990-1994 in the whole of Great Britain
was 48%, based on more than 100 cases."” This suggests that
the 62% survival, based on only 38 cases, for the British Isles
during 1988-1997 in the present study may be an over-
estimate, though the two results are compatible since the

confidence interval includes the survival rate from the other
study. Five-year survival for adolescents in Great Britain with
Ewing’s sarcoma diagnosed in 1990-1994 was 47%,"” similar to
the 43% in the present study.

Little progress was evident in outcome for osteosarcoma or
Ewing’s sarcoma since the mid-1980s. The late 1970s and
early 1980s saw a dramatic change from local therapy alone
(surgery for osteosarcoma, radiotherapy or surgery for Ew-
ing’s sarcoma) to local treatment plus systemic chemother-
apy. Initial single institutional and early multi-centre trials
in most parts of Europe gave way to widespread and some-
times population-based recruitment of patients into prospec-
tive therapy studies for both osteosarcoma and Ewing’s
sarcoma in Scandinavia,®®?* the German speaking coun-
tries,’>?° Italy,’®?” the UK and elsewhere.?*? The drugs cur-
rently believed to be the most active against osteosarcoma,
namely doxorubicin, cisplatin, high-dose methotrexate, and
ifosfamide, had all made their way into first-line protocols
in the 1980s.>* The same holds true for vincristine, actinomy-
cin D, cyclophosphamide or ifosfamide, and doxorubicin
against Ewing’s sarcoma.® Basically, chemotherapy for bone
tumours, in Europe as elsewhere, is very similar to that used
in the mid 1980s, so that marked time trends in survival since
then would not be expected. At the population level, however,
there may be scope for further improvement in some areas
through earlier diagnosis and referral and, just as impor-
tantly, inclusion of all patients into national or international
collaborative trials, allowing them to benefit from centralised
quality assurance systems.

Survival of children with Ewing’s sarcoma diagnosed dur-
ing 1988-1997 was identical in the West, for which Germany
provided the majority of analysed cases, and the British Isles,
with patients from the two areas registered into a common
protocol (EICESS 92)**2° during much of the period. A similar
comparison could not be made for adolescents because of the
absence of data on patients aged 15-19 years from Germany.
For osteosarcoma, by contrast, the two areas used different
protocols and survival also differed between the two regions.
The survival rates for osteosarcoma observed in the West and
the British Isles as well as in the North and the South closely
parallel the results reported from recent clinical trials within
those regions,*?*?%*° and the numbers of patients in these
trials are rather high, in accordance with the assumption that
most children and many adolescents with bone tumours from
these areas are now treated within these trials.

This study has revealed inter-regional differences in inci-
dence and survival rates for bone tumours among children
and adolescents in Europe. Extension of the ACCIS database
will provide an opportunity for studying these variations
based on larger numbers of registrations over a longer time
period and in smaller geographical regions. It will also be
important for monitoring the impact of changes in treat-
ment protocols and in patterns of referral and care on pop-
ulation-based survival for this group of tumours, in which
rather little progress was made during the period studied
here.
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