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Abstract

We analysed the trends in incidence rates of childhood cancer in Sweden. All cases of malignant diseases and benign brain

tumours in children, 0–14 years old, reported to the Swedish Cancer Registry 1960 to 1998 were included, n ¼ 9298. Cases were

classified according to the International Classification of Childhood Cancer. Average annual change in incidence rate was calculated

to +1.01%, (95% confidence interval CI¼ 0.80, 1.22). An increase in incidence rate per year was found for leukaemia, +0.85% (95%

CI¼ 0.42, 1.28), lymphomas +1.87% (95% CI¼ 1.17, 2.58), CNS (central nervous system) tumours +1.45% (95% CI¼ 1.02, 1.88),

sympathetic nervous system tumours +1.61% (95% CI¼ 0.79, 2.44), hepatic tumours +2.62% (95% CI¼ 2.02, 3.21), and germ cell

and gonadal tumours +1.21% (95% CI¼ 0.23, 2.19). Of the CNS tumours, significant changes were seen for low-grade glioma/

astrocytoma +2.10% (95% CI¼ 1.41, 2.80), benign brain tumours +3.77% (95% CI¼ 2.47, 5.10), and PNET/medulloblastoma

+1.96% (95% CI¼ 0.48, 3.46). Changes in diagnostic criteria and better diagnostic tools may have contributed to these results.

� 2004 Elsevier Ltd. All rights reserved.
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1. Introduction

Reports of increasing childhood cancer incidence
rates are of concern because of the severe implications of

the disease for the child and his/her family. In 1997,

childhood cancer was the leading cause of death by

disease among Swedish children aged 1–14 years [1]. In

most studies, childhood cancer is defined up to and in-

cluding 14 years of age.

A 0.8% increase in incidence rate per year of child-

hood cancer was observed from 1975 to 1999 in the
USA [2]. From 1960 to 1991 a similar increase was seen

for non-epithelial neoplasms (haematological, central

nervous (CNS) and soft tissue tumours) in both Finland

and Sweden [3]. An earlier Swedish study of childhood

cancer incidence from 1958 to 1974 showed a significant

increase, especially among boys [4]. During the period
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1968–1995 in the North of England, incidence rates in-

creased per decade by 12 cases per million [5]. An in-

crease in incidence rate of 0.8% per year for non-CNS
solid tumours and a 0.9% increase per year for brain

tumours were observed in north-west England 1954–

1998 [6]. However, encouraging reports of better sur-

vival from childhood cancer can be found [5,7,8].

Sweden has a Cancer Registry covering the entire

population with good coverage of new cases; it was

started in 1958 and is considered reliable since 1960. In a

study on the completeness of the Registry comparing
death certificates from 1978 with cancer registration, an

overall 4.5% deficit was noted; for childhood cancer the

deficit was 7.8% [9]. Reporting of new cases is compul-

sory and regulated by law [10]. Pathologists and clini-

cians report every newly diagnosed case. Treatment of

childhood cancer is centralised to university hospitals.

The Swedish population is mainly white and the child-

hood population (aged 0–14 years) has been numerically
constant over the period studied, with approximately
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1.6–1.7 million children, except for a slight decline

during the 1980s to 1.5 million.

The aim of this investigation was to study changes in

the incidence rates of malignant diseases in children

aged 0–14 years in Sweden from 1960 to 1998 and to
present average annual incidence rates from 1990 to

1998.
2. Materials and methods

All cases of malignant diseases in children in the age

group 0–14 years reported to the Swedish Cancer Reg-
istry between 1960 and 1998 were included in this study.

Since the beginning of the Registry, all cases have been

given an ICD-7 site code [11] and a morphology code

(WHO/HS/CANC/24.1 Histology code; World Health
Table 1

Childhood malignancies in Sweden 1960–1998 and estimated changes in inc

Diagnosis Change in incidence

rate/year (%)

95%

All diagnoses +1.01 0

All diagnoses, benign brain tumours

excluded

+0.90 0

Leukaemia, all types +0.85 0

ALL +5.80 4

AML )0.04 )1
Others+ unspecified )6.38 )8

Lymphomas +1.87 1

Hodgkin’s disease +1.81 0

Non-Hodgkin’s lymphomas +0.92 )0
Other lymphomasa +5.50 3

CNS tumours, all types +1.45 1

CNS tumours, benign excluded +1.04 0

Ependymomab +0.07 )0
Astrocytomas/gliomas +1.42 0

Low-grade gliomas +2.10 1

High-grade gliomas )0.22 )1
PNET/medulloblastoma +1.96 0

Benign brain tumours +3.77 2

Unspecified neoplasms )0.71 )2
Sympathetic nervous system +1.61 0

Retinoblastoma +0.25 )1
Renal tumours +0.29 )0
Hepatic tumoursc +2.62 2

Malignant bone tumours +0.21 )0
Osteosarcomad )0.10 )0
Chondrosarcomae

Ewing’s sarcomaf +0.66 )0
Other bone tumourse

Soft tissue sarcoma +0.13 )0
Germ cell and gonadal tumours +1.21 0

Carcinomas )0.02 )1
Other and unspecifiedg +0.43 0

aNo cases 1960, 1971 and 1977; change in annual incidence rate estimated
bNo cases 1980; change in annual incidence rate estimated using average
cNo cases 1963, 1966, 1977 and 1981; change in annual incidence rate est
dNo cases 1990; change in annual incidence rate estimated using average
eNo estimate due to because of small number of cases.
f No cases 1967; change in annual incidence rate estimated using average 5
gNo cases 1973; change in annual incidence rate estimated using average
Organisation. Expert committee on health statistics.

Sub-committee on the registration of cases of cancer as

well as their statistical presentation. August 15, 1956.

Reference obtained from the Swedish Cancer Registry).

ICD-O/2 coding has been in use from 1993 at the Cancer
Registry but new cases are also given the older codes. In

this study ICD-7 codes 140–209 were included. Some

benign conditions are reported; of these only benign

brain tumours were considered here.

The diseases were classified here into main diagnostic

groups according to the International Classification of

Childhood Cancer (ICCC) [12]. For the classification,

the ICD-7 and the histology code mentioned above were
used. However, some subgroups, mainly lymphomas

and CNS tumours, could not be classified in detail ac-

cording to ICCC by using the coding of the Cancer

Registry, these tumour types were assigned to their
idence rates

CI P No. of cases % of all diagnoses

.80, 1.22 0.0001 9298 100.0

.67, 1.12 0.0001 8819 94.8

.42, 1.28 0.0003 2766 29.7

.66, 6.95 0.0001 1668 17.9

.11, 1.05 0.94 324 3.5

.24, )4.48 0.0001 774 8.3

.17, 2.58 0.0001 947 10.2

.59, 3.05 0.0047 268 2.9

.05, 1.90 0.062 513 5.5

.68, 7.34 0.0001 166 1.8

.02, 1.88 0.0001 2569 27.6

.52, 1.55 0.0002 2090 22.5

.50, 0.64 0.81 242 2.6

.85, 1.99 0.0001 1220 13.1

.41, 2.80 0.0001 917 9.9

.31, 0.88 0.68 303 3.3

.48, 3.46 0.01 422 4.5

.47, 5.10 0.0001 479 5.2

.19, 0.80 0.35 206 2.2

.79, 2.44 0.0003 459 4.9

.21, 1.73 0.73 254 2.7

.51, 1.10 0.46 547 5.9

.02, 3.21 0.0001 100 1.1

.81, 1.25 0.68 360 3.9

.58, 0.37 0.66 182 2.0

16 0.2

.01, 1.33 0.052 147 1.6

15 0.2

.76, 1.04 0.76 510 5.5

.23, 2.19 0.02 249 2.7

.14, 1.11 0.97 276 3.0

.01, 0.85 0.04 261 2.8

using average 5-year incidence rates.

5-year incidences rates.

imated using average 5-year incidence rates.

5-year incidence rates.

-year incidence rates.

5-year incidence rates.
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respective diagnostic groups (cf. Table 1). Regarding

CNS tumours, the Swedish Cancer Registry codes the

glioma into two groups: one includes low-grade glioma

(e.g. astrocytoma grade I and II, and oligodendrogli-

oma) and one high-grade glioma (e.g. astrocytoma
grade III and IV and oligodendroblastoma). Benign

brain tumours are reported to the Registry and consti-

tute one subgroup in the analysis. A total of 9482 cases

were reported, of which we excluded 184. Of these 184

children, 152 had a benign morphology code with site

other than the CNS. The remaining 32 cases had a

premalignant/in situ code or were misclassified. A total

of 9298 children remained for further investigation. The
analysis was made on all malignant diseases taken to-

gether as well as for each diagnosis separately.
3. Statistical methods

The age standardised incidence rates were calculated

for each year from 1960 to 1998, expressed per 100,000
person-years (py). The background population was ob-

tained from Statistical Yearbooks 1960–1967 and from

Statistics Sweden (SCB) 1968–1998. The incidence rates

were standardised to the 1970 world population [13]. By

using age standardisation to the 1970 world population,

the US 1970 population and the Swedish 1970 popula-

tion, the results were similar and thus results using the

world population are presented for international com-
parison. Linear regression analysis with calculation of

the 95% confidence interval (CI) of the incidence rates
Fig. 1. Incidence rates of childhood malignancies in Sweden 1960–1998. Age

95% confidence interval for the incidence rates.
was used in Fig. 1. Trends were analysed using the ex-

ponential regression model to obtain the annual percent

change of the incidence rate, the corresponding P value

and a 95% CI (see Table 1) [14]. However, for rare tu-

mours, in some years there were no cases reported (see
footnote in Table 1). For these tumours, average annual

incidence rates for the following year intervals where

calculated: 1960–1965, 1966–1970, 1971–1975, 1976–

1980, 1981–1985, 1986–1990, 1991–1995 and 1996–1998.

The incidence rate for each year was replaced with the

average incidence rate in the respective time period and

exponential regression was performed. For each esti-

mated annual change in incidence rate a P value was
obtained, and a 95% CI was calculated [15]. For the

three most common childhood malignancies, leukaemia,

CNS tumours and malignant lymphomas, we also ex-

amined trends in incidence for both sexes separately and

for three different age groups: 0–4, 5–9 and 10–14 years.

Childhood tumours are rare diseases and there is a

variation in incidence from one year to another; to

present the current incidence rates of the diseases we
calculated an average annual incidence rate per 100,000

py during 1990–1998 (see Table 2).
4. Results

During the study period from 1960 to 1998, the av-

erage change in incidence rate for childhood malignant
diseases was +1.01% per year (95% CI¼ 0.80, 1.22),

P ¼ 0:0001. Excluding benign brain tumours the
adjusted to the world standard population. Linear regression line with



Table 2

Average annual incidence rates of childhood malignancies in Sweden 1990–1998; rates per 100,000 person years, age-adjusted to the world standard

population

Diagnosis Children 0–14 years Boys Girls 0–4 years 5–9 years 10–14 years

All diagnoses 17.34 18.43 16.20 23.68 12.98 13.73

All diagnoses, benign brain tumours excluded 16.19 17.28 15.03 22.52 11.83 12.59

Leukaemia, all types 5.10 5.56 4.61 8.04 3.53 2.92

ALL 4.01 4.52 3.49 6.36 2.94 2.08

AML 0.49 0.47 0.50 0.72 0.22 0.46

Others+ unspecified 0.60 0.57 0.62 0.95 0.37 0.38

Lymphomas 1.86 2.42 1.27 1.56 1.76 2.39

Hodgkin’s disease 0.51 0.63 0.38 0.12 0.32 1.24

Non-Hodgkin’s lymphomas 0.88 1.26 0.48 0.64 1.12 0.95

Other lymphomas 0.47 0.53 0.40 0.80 0.32 0.20

CNS tumours, all types 4.89 5.26 4.50 5.22 4.87 4.48

CNS tumours, benign excluded 3.73 4.12 3.32 4.05 3.71 3.33

Ependymoma 0.41 0.44 0.38 0.64 0.32 0.20

Astrocytomas/gliomas 2.24 2.41 2.05 2.08 2.27 2.41

Low-grade gliomas 1.76 1.94 1.58 1.67 1.81 1.83

High-grade gliomas 0.48 0.47 0.48 0.41 0.47 0.57

PNET/medulloblastoma 0.78 0.88 0.67 0.88 0.93 0.49

Benign brain tumours 1.16 1.14 1.17 1.17 1.16 1.15

Unspecified neoplasms 0.30 0.39 0.21 0.45 0.18 0.24

Sympathetic nervous system 1.08 1.12 1.04 2.47 0.32 0.07

Retinoblastoma 0.54 0.39 0.71 1.32 0.10 0.00

Renal tumours 0.97 0.94 1.00 2.08 0.45 0.07

Hepatic tumours 0.27 0.36 0.17 0.60 0.10 0.00

Malignant bone tumours 0.51 0.49 0.53 0.16 0.63 0.84

Osteosarcoma 0.26 0.22 0.31 0.06 0.37 0.42

Chondrosarcoma 0.02 0.01 0.03 0.00 0.02 0.04

Ewing’s sarcoma 0.20 0.24 0.16 0.08 0.24 0.33

Other bone tumours 0.02 0.01 0.03 0.02 0.00 0.04

Soft tissue sarcoma 0.79 0.91 0.67 0.99 0.57 0.77

Germ cell and gonadal tumours 0.51 0.47 0.55 0.68 0.24 0.57

Carcinomas 0.37 0.24 0.51 0.08 0.16 0.99

Other and unspecified 0.45 0.26 0.66 0.49 0.24 0.64
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increase was still significant, +0.90% (95% CI¼ 0.67,

1.12). Estimated annual changes in incidence rate for the

different diagnoses are presented in Table 1. The linear

regression line with 95% CI of the incidence rates for all

malignancies is shown in Fig. 1. For leukaemia, malig-

nant lymphoma, CNS tumours, sympathetic nervous

system tumours (neuroblastoma), germ cell/gonadal tu-

mours, and hepatic tumours we found a significant an-
nual increase in incidence rate during the study period

(Table 1; Fig. 2). For all diagnoses together, the annual

increase in incidence rate was significant for both sexes

and for three 5-year age groups studied (0–4, 5–9 and

10–14 years). The annual incidence rate increased more

among girls than among boys, +1.12% (95% CI¼ 0.80,

1.43) and +0.93% (95% CI¼ 0.65, 1.21), respectively.

The annual change of incidence rate was similar in the
three age groups.

The average annual incidence rate for all childhood

cancer (including benign brain tumours) from 1990 to

1998 was 17.34/100,000 py, for boys 18.43/100,000 py

and for girls 16.20/100,000 py. The incidence rate was

highest in the youngest age group (0–4 years), 23.68/

100,000 py (Table 2).
Leukaemia (n ¼ 2766) was the most common child-

hood malignant disease. It was classified into three

subgroups, acute lymphoid leukaemia (ALL), acute

myeloid leukaemia (AML), and other or unspecified.

Only 60 cases had chronic myeloid leukaemia, and

therefore we classified them in the ‘other’ group. The

remaining cases in the unspecified group were coded as

unspecified myeloid leukaemia or unspecified leukaemia.
For all leukaemia in the age group 0–14 years, the

average change in incidence rate per year during the

study period was +0.85%, (95% CI¼ 0.42, 1.28); for

boys +0.85% (95% CI¼ 0.33, 1.37) and for girls +0.82%

(95% CI¼ 0.21, 1.43). The increase was largest for the

age group 0–4 years, +1.13% (95% CI¼ 0.52, 1.74) and

especially among the girls, +1.41% (95% CI¼ 0.56,

2.27), compared to boys +0.90% (95% CI¼ 0.22, 1.57).
In the age group 5–9 years we found no significant

change in leukaemia incidence over the period for nei-

ther boys nor girls. In the age group 10–14 years, the

estimated annual incidence rate increased with +0.83%

(95% CI¼ 0.19, 1.49), but for boys and girls separately

we found no significant trend. The ALL incidence rate

increased by 5.80% per year (95% CI¼ 4.66, 6.95), but



Fig. 2. Incidence rates of childhood malignancies 1960–1998. Age adjusted to the world standard population. Diagnoses with significant increase in

incidence rates.
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the incidence rate of AML showed no specific pattern.

The incidence rate of the unspecified leukaemia declined

markedly during the late 1970s. Parallel to this decline,
the ALL incidence increased, as shown in Fig. 3. During

the last 20 years (1978–1998) there was no significant

change in incidence rate of ALL, +0.73% (95%

CI¼)0.49, 1.97).
Fig. 3. Incidence rates of childhood leukaemias 1960–199
The average annual incidence rate 1990–1998 for all

leukaemias was 5.10/100,000 py, for boys 5.56/100,000

py and for girls 4.61/100,000 py. For ALL the corre-
sponding rates were 4.01/100,000 py, for boys 4.52/

100,000 py and for girls 3.49/100,000 py. A marked

difference in incidence rate was seen between the age

groups.
8. Age adjusted to the world standard population.
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The lymphomas (n ¼ 947) were classified into

Hodgkin’s disease (ICD-7 code 201; n ¼ 268), non-

Hodgkin’s lymphomas (NHL) (ICD-7 code 200;

n ¼ 513), and other lymphomas (ICD-7 code 202;

n ¼ 166). For the lymphoma group there was a signifi-
cant increase of the incidence rate per year with +1.87%

(95% CI¼ 1.17, 2.58). We saw a significant increase for

Hodgkin’s disease +1.81% (95% CI¼ 0.59, 3.05), for

other lymphomas +5.50% (95% CI¼ 3.68, 7.34) but not

for NHL. Looking at the entire lymphoma group, the

annual increase was significant for both boys and girls in

the three different age groups, 0–4, 5–9 and 10–14 years.

From 1990 to 1998, the average annual incidence rate
of Hodgkin’s disease was 0.51/100,000 py, being highest

in the age group 10–14 years. For NHL, the average

annual incidence rate was 0.88/100,000 py, 1.26/100,000

py for boys and 0.48/100,000 py for girls.

For all CNS tumours including benign brain tumours

the average change in incidence rate per year from 1960

to 1998 was +1.45% (95% CI¼ 1.02, 1.88). The increase

in incidence rate was similar for boys and girls. Ex-
cluding benign brain tumours the increase was still sig-

nificant +1.04% (95% CI¼ 0.52, 1.55). The increase in

incidence rate was significant for both sexes in the three

different age groups, being highest for children 5–9 years

old, +2.08% (95% CI¼ 1.29, 2.88); for boys +2.17%

(95% CI¼ 1.15, 3.19) and for girls +2.42% (95%

CI¼ 0.91, 3.95).

The average annual incidence rate for CNS tumours
during 1990–1998 was 4.89/100,000 py, higher for boys

(5.26/100,000 py) than for girls (4.50/100,000 py). The

highest incidence rates were seen for low-grade glioma,
Fig. 4. Incidence rates of childhood gliomas and benign brain tumou
benign brain tumours and PNET/medulloblastoma. The

incidence rates 1960–1998 for low- and high-grade gli-

oma and benign brain tumours are shown in Fig. 4.

Ependymoma constituted 9% of the brain tumours.

Its incidence rates were low and did not show any spe-
cific trend.

Of the CNS tumours 47% were referred to the as-

trocytoma/glioma group and 75% of these were low

grade. For all astrocytoma/glioma the estimated annual

increase was significant, +1.42% (95% CI¼ 0.85, 1.99).

The subgroup analysis showed that the incidence of the

high-grade glioma had not changed significantly over

time, whereas the incidence rate of the low-grade glioma
increased yearly by +2.10% (95% CI¼ 1.41, 2.80). The

average incidence rate 1990–1998 of high-grade glioma

was low, 0.48/100,000 py, compared to 1.76/100,000 py

for low-grade glioma.

The PNET/medulloblastoma group constituted 16%

of all brain tumours. The incidence rate of PNET/me-

dulloblastoma increased annually by 1.96% (95%

CI¼ 0.48, 3.46).
Almost 19% of the brain tumours had a benign his-

tology. The estimated annual change in incidence rate of

benign brain tumours was +3.77% (95% CI¼ 2.47, 5.10)

over the study period. Average annual incidence rate

was 0.44/100,000 py during the 1960s, 0.56/100,000 py

during the 1970s, 0.92/100,000 py during the 1980s and

1.16/100,000 py during 1990–1998.

Of all childhood cancers, 4.9% were classified as tu-
mours from the sympathetic nervous system; neuro-

blastoma and ganglioneuroblastoma. The estimated

annual change in their incidence rate showed an increase
rs 1960–1998. Age adjusted to the world standard population.
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of +1.61% (95% CI¼ 0.79, 2.44) during the study pe-

riod. The average annual incidence rate during 1990–

1998 was highest in the age group 0–4 years.

The retinoblastomas constituted 2.7% of all tumours.

The estimated annual change in retinoblastoma inci-
dence rate did not show any specific trend. The average

annual incidence rate during 1990–1998 was highest in

the youngest age group. The renal tumours, mainly

Wilms’ tumour, constituted 5.9% of all childhood cancer

and were seen mostly in the youngest age group. The

incidence rate did not change significantly during the

study period. Hepatic tumours were extremely rare, only

1.1% of all tumours. They occurred mainly in the
youngest age group. In some years there where no cases

reported, and therefore we estimated the annual change

in incidence rate by using average incidence rates in

5-year periods and found an increase of +2.62% (95%

CI¼ 2.02, 3.21).

The malignant bone tumours constituted 3.9% of all

tumours and included osteosarcoma (51% of bone tu-

mours), chondrosarcoma (4%), Ewing’s sarcoma (41%),
and other bone tumours (4%). During 39 years, only 16

cases of chondrosarcoma and 15 of ‘other’ type were

registered. The incidence rates did not change signifi-

cantly during the studied decades. The average annual

incidence rate during 1990–1998 for osteosarcoma was

0.26/100,000 py and for Ewing’s sarcoma 0.20/100,000

py, the incidences being highest in the age group 10–14

years.
Soft tissue sarcomas include several histological types

that are not presented separately. They constituted 5.5%

of all childhood tumours. The incidence rates did not

change significantly over time. The germ cell and go-

nadal tumours were 2.7% of all tumours. The estimated

annual change in incidence rate increased over time by

+1.21% (95% CI¼ 0.23, 2.19). Even so, the annual av-

erage incidence during 1990–1998 was low and similar
for boys and girls.

Carcinomas were rare in children, 3.0% of all tu-

mours, and did not show any significant change of in-

cidence rate during the study period. Thyroid cancer

and malignant melanoma were the most common di-

agnoses in this group. The incidence rate of the group

‘other and unspecified’ (2.8% of tumours) increased over

time by +0.43% (95% CI¼ 0.01, 0.85).
5. Discussion

The Swedish Cancer Registry covers the entire pop-

ulation and registration started in 1958. The reporting of

new cases is compulsory. The incidence rate for malig-

nant diseases in childhood rose during the period of 39
years that we studied from an average of 13.12/100,000

py during the 1960s to 17.34/100,000 py during 1990–

1998. Excluding benign brain tumours, the average an-
nual childhood cancer incidence rate during 1990–1998

was 16.19/100,000 py. This incidence is among the

highest reported worldwide [16]. Good case ascertain-

ment might explain this high incidence. Sweden is a

small country with unique personal identification num-
bers and public health care; reporting to the Cancer

Registry is compulsory. The estimated average annual

change in incidence rate per year from 1960 to 1998 was

+1.01% (95% CI¼ 0.80, 1.22). This is similar to what

has been observed in other countries [5,6,17,18]. The

increase was, in our study, significant for both sexes and

the three different age groups (0–4, 5–9 and 10–14

years).
As observed in other Western populations, the neo-

plasms that most commonly affect Swedish children are

leukaemia (30%), brain tumours (28%) and lymphoma

(10%). The observed incidence rates corresponded to an

average of 209 childhood cancer cases per year during

the 1960s and 275 cases per year in 1990–1998.

The diagnoses for which we found a significant in-

crease in annual incidence rate were leukaemia, lym-
phomas, CNS tumours, sympathetic nervous system

tumours, hepatic tumours and germ cell/gonadal

tumours.

For leukaemia the estimated annual change in inci-

dence rate was significant for all leukaemia combined,

+0.85%. The increase in ALL was highly significant and

the largest increase occurred during 1970–1980. Parallel

to this rise the incidence rates of other and unspecified
leukaemia declined, suggesting a change in the diagnosis

and classification of the leukaemia. In 1976 the FAB

classification (French–American–British Cooperative

Working Group) of acute leukaemia, based on mor-

phology, was introduced [19] and thereafter unspecified

leukaemias where probably diagnosed as ALL to greater

extent. A similar shift in classification was reported from

the USA and attributed to new knowledge in immu-
nology enabling the classification of different types of

lymphocytes [20]. The incidence rates of AML showed

no specific trend; the total increase in all leukaemias is

attributed to the increase in ALL. Because of differences

in diagnostic practices, a trend analysis of the ALL

group over the 39-year period may not be informative,

but nevertheless the increase in incidence rate of the

whole leukaemia group is of interest. We looked sepa-
rately at the estimated annual change in incidence rate

of ALL during 1978–1998, and found no significant

change. In the USA, both total leukaemia and ALL

incidence rates increased from 1977 to 1995 by 0.9% per

year [21].

The incidence of all lymphomas in Swedish children

increased annually during 1960–1998 by an average of

+1.87%. Hodgkin’s disease and the ‘other lymphoma’
group, but not NHL, increased significantly in Swedish

children. The ‘other lymphoma’ group is a heteroge-

neous group of NHL, including, e.g. reticulosis and the
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increase in incidence rate might be due to different

coding practices over time. An increasing incidence rate

of NHL by 2.9% per year 1970–1989 was observed in the

Greater Delaware Valley [17]. In nine European coun-

tries an annual 0.76% increase in NHL incidence rate
was seen between 1970 and 1990 [22]. The NHL inci-

dence 1975–1995 presented by the SEER programme

[23] did not change significantly. In north-west England

an average annual increase of 1.2% from 1954 to 1998

was seen for Hodgkin’s disease but no significant change

was seen for NHL [24]. The incidence rate of Hodgkin’s

disease among children in Norway 1971–1995 [25] and

in the Greater Delaware Valley mentioned above was
stable, while in the USA 1975–1995 a slight decline was

seen [7]. The increasing incidence rate of Hodgkin’s

disease seen in Sweden is believed to be true and not due

to changes in diagnostic procedures. A pathological re-

view of cases 1975–1994 in western Sweden showed

good agreement with the initial diagnosis [26].

For brain tumours in Swedish children 0–14 years

old, an average annual increase in incidence rate of
2.6%, and for astrocytoma 3.0%, has been reported for

the period 1973–1992 [27]. Another Swedish study

showed an average annual increase in brain tumour in-

cidence rate of 3.0% from 1978 to 1992 in the 0–19 year

age group [28]. In our study, for all CNS tumours from

1960 to 1998 in the 0–14 year age group, the average

annual increase in incidence rate was +1.45%. Excluding

the benign brain tumours we still found an increase in
the incidence rate. In the USA it was estimated that

benign brain tumours contributed with 28% of the total

increase of the incidence rate of brain tumours [29].

An increase in incidence rates for brain tumours in

children has also been reported from other countries. In

the USA, a significant increase was seen from 1975 to

1995, though most of the increase was seen from 1983 to

1986 [7]. Trends in the USA from 1977 to 1995 were
analysed and for both high- and low-grade glioma

combined, the incidence rates increased by an average of

1.8% per year, but during the last decade the rates

stabilised and even declined slightly [30]. In Sweden,

computed tomographic scans became available in the

mid-1970s and magnetic resonance imaging (MRI) in

the mid-1980s, making it easier to image pathological

changes in the brain. A steep increase in incidence rates
of brain tumours during the mid-1980s was reported

from USA and a ‘jump model’ of incidence rates was

postulated [31]. Using this model, the steep increase that

occurred during the mid-1980s can be assigned to better

case ascertainment with the introduction of MRI. This

model and explanation have been widely discussed [32–

35].

In our study we found a significantly increased inci-
dence rate only for low-grade astrocytoma and benign

brain tumours, which might be explained by better di-

agnostic methods. The average annual incidence rate of
CNS tumours in the 1960s (benign excluded) was 2.90/

100,000 py, in the 1970s 3.23/100,000 py, in the 1980s

3.62/100,000 py and during 1990–1998 3.73/100,000 py.

For the benign brain tumours, the change was more

striking; the average annual incidence rate was in the
1960s 0.44/100,000 py, in the 1970s 0.56/100,000 py, in

the 1980s 0.92/100,000 py and in 1990–1998 1.16/

100,000 py. The Swedish Registry groups the gliomas

into two main groups, low grade or high grade. The new

imaging techniques, especially MRI, make it easier to

discover especially low-grade glioma [30,36]. Excluding

both benign and low-grade glioma, no significant trend

in incidence was found during the study period. Thus
better diagnostic methods may in part explain the in-

creasing incidence rate of low-grade glioma and benign

brain tumours.

In the USA, mortality rates for childhood CNS tu-

mours decreased significantly by 1.1% per year from

1975 to 1995 and the absence of increase of mortality in

children with CNS tumours was used as an argument

against a true increase in incidence rates [7,30]. It is
possible to live for a long time with a low-grade tumour

[36], tumours may be diagnosed earlier with new tech-

niques, and treatment becomes more aggressive, often

combing surgery with radiotherapy and chemotherapy.

Perhaps it is too early to draw any conclusions from the

mortality in brain tumours that we see today about

whether there has been a true increase in the occurrence

of the disease or not.
A significant increase in the incidence rate of neuro-

blastoma was seen in 1970–1989 in the Greater

Delaware Valley [17] and among infants in the USA in

1980–1990 [37]. No significant trend in children under 15

years (1975–1995) was observed in the SEER pro-

gramme, except for increasing rates among infants in the

latest year [38]. The incidence rate of sympathetic ner-

vous system tumours increased significantly in Sweden,
although no screening programme has been conducted.

Hepatic tumours were few but showed increasing

incidence rates. Similar findings are reported from

north-west England 1954–1998 [6]. The incidence rate of

hepatoblastoma increased while that of hepatocellular

cancer decreased in the USA, 1975–1995 [39]. The inci-

dence rate of germ cell and gonadal tumours increased

by an average of 1.21% per year. Similar results have
been reported for testicular cancer among boys in En-

gland and Wales 1962–1995 [40], the increase of all germ

cell tumours was 2.6% each year in north-west England

1954–1998 [6].

In summary this study showed a significant increase

in the incidence rate of childhood malignancies during

1960–1998 in Sweden. New diagnostic tools have be-

come available; classification has changed for some of
the tumour types; case ascertainment might differ be-

tween the periods and this can affect the incidence rates.

Increases in incidence rates are seen in several Western
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societies, which is of concern. The treatment of cancer

may improve but the therapeutic arsenal we have today,

consisting mainly of chemotherapy and radiotherapy, is

toxic and may have long-term side-effects. Further re-

search to identify risk factors is necessary so that pre-
ventive measures can be taken and hopefully we will see

less of childhood cancer in the future. Of interest are

perinatal risk factors, such as exposure to certain per-

sistent organic pollutants [41,42], ionising radiation [43]

and genetic factors.
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