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The etiology of childhood leukemia remains incompletely
understood. It is concerning, therefore, that studies from different parts of the world have indicated an increase in recent decades in the incidence of childhood leukemia (1–4), in particular
its most common subtype, B-precursor acute lymphoblastic leukemia (5–7). Leukemias in childhood are rare diseases, and
trends in incidence are, therefore, sensitive to changes in registration procedures. For the few studies (5–7) that have examined
trends in incidence of childhood leukemia by immunophenotype, misclassification between leukemia subtypes may be a
matter of concern, because the leukemia subtype classification

rests on immunologic and cytologic techniques that have become readily accessible within only the past two decades (8).
We took advantage of a unique and complete register of all
cases of leukemia diagnosed in a population of approximately
5 million children aged 0–14 years in Sweden, Denmark, Norway, Finland, and Iceland over a 20-year period to characterize
time trends in incidence of acute lymphoblastic leukemia, including acute lymphoblastic leukemia subtypes, and of de novo
acute myeloid leukemia. The combination of ethnic homogeneity, free and easily accessible public health care, and this unparalleled registration of all children diagnosed with leukemia make
the Nordic countries a unique setting to assess incidence trends
in childhood acute leukemia.
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Study Subjects
The Nordic Society of Paediatric Haematology and Oncology
(NOPHO) was established in 1981 to create uniform diagnostic,
treatment, and clinical follow-up procedures for the major subgroups of childhood cancers within the five Nordic countries
(Sweden, Denmark, Norway, Finland, and Iceland). As a corollary of this initiative, a unique register (the NOPHO acute leukemia database) was created to include all cases of acute lymphoblastic leukemia (complete since 1982) and acute myeloid
leukemia (complete since 1985) diagnosed in the Nordic child
population.
For each patient, registered information includes personal
data such as personal identification number (which includes date
of birth) (9), nationality, sex, information on diagnosis of Down
syndrome (yes/no), and data pertaining to the leukemia diagnosed, including information on the date of diagnosis, histology,
immunophenotype, karyotype, and history of previous malignancies. Specifically, cases of acute lymphoblastic leukemia are
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Background: Studies from various countries have found an
increasing incidence of childhood leukemia in recent decades. To characterize time trends in the age- and sexspecific incidence of childhood acute leukemia during the
last 20 years in the Nordic countries, we analyzed a large set
of population-based data from the Nordic Society of Paediatric Haematology and Oncology (NOPHO) in their acute
leukemia database covering a population of approximately 5
million children aged 0–14 years. Methods: Temporal trends
in acute myeloid leukemia and acute lymphoblastic leukemia
incidence rates overall and for acute lymphoblastic leukemia
immunophenotypes and for specific age groups were analyzed by Poisson regression adjusting for age, sex, and country. All statistical tests were two-sided. Results: We identified
1595 girls and 1859 boys diagnosed with acute lymphoblastic
leukemia between January 1, 1982, and December 31, 2001,
and 260 girls and 224 boys diagnosed with de novo acute
myeloid leukemia between January 1, 1985, and December
31, 2001. No statistically significant change was seen in the
overall incidence rate for acute lymphoblastic leukemia during the 20-year study (annual change = 0.22%, 95% confidence interval [CI] = –0.36% to 0.80%). The incidence rate
of B-precursor acute lymphoblastic leukemia remained unchanged (annual change = 0.30%, 95% CI = –0.57% to
1.18%) from January 1, 1986, through December 31, 2001.
A somewhat lower incidence in the first years of the study
period indicated an early increasing incidence of B-precursor acute lymphoblastic leukemia that corresponded to a
simultaneous decreasing incidence of unclassified acute lymphoblastic leukemia. Incidences of T-cell acute lymphoblastic leukemia (annual change = 1.55%, 95% CI = –1.14% to
4.31%) and acute myeloid leukemia (annual change =
0.58%, 95% CI = –1.24% to 2.44%) were stable during the
study period. Conclusion: Incidences of acute myeloid leukemia overall, acute lymphoblastic leukemia overall, and
specific acute lymphoblastic leukemia immunophenotypes
have been stable in the Nordic countries over the past two
decades. [J Natl Cancer Inst 2003;95:1539–44]

Statistical Analyses
We obtained precise information on the composition of the
child populations (aged 0–14 years) of each of the five Nordic
countries by sex and 1-year age strata for each year from 1982
through 2001 from the national statistics bureaus in the Nordic
countries. We estimated age, sex, and country incidence rates for
acute myeloid leukemia and acute lymphoblastic leukemia overall and for specific subtypes of acute lymphoblastic leukemia in
4-year calendar periods. We evaluated temporal trends in annual
incidence rates by Poisson regression analysis (11,12), adjusting
for age (categorized in 1-year intervals), sex, and country, modeling the effect of calendar time as a linear trend. Accordingly,
the number of events in any cell cross-classified by age a, sex s,
calendar year y, and country c, Yasyc, was assumed to be Poissondistributed with mean µasyc ⳱ exp(␣ + ␤a + ␥s + c +  × [y −
1991] + log[PYRS]), where ␤a represents the effect of age group
a, ␥s represents the effect of sex s, c represents the effect of
country c, and log[PYRS] was entered as an offset (PYRS ⳱
person-years at risk). Temporal trends were then estimated as the
annual change in percent, i.e., (exp(ˆ) − 1) × 100%, where ˆ is
the maximum-likelihood estimate of . Confidence intervals
were based on Wald’s tests, and statistical significance tests
were likelihood ratio tests. All statistical tests were two-sided.
We used SAS PROC GENMOD (version 6.12) for the estimation (13).

For some outcomes, we further modeled the age-specific incidence rate, r(a), as exp{␤0 + exp(␤1 + ␤2log[a] – ␤3a)}, with
␤0 through ␤3 as the parameters to be estimated, providing a
very flexible family of positively skewed incidence patterns.
This particular family of models was based on viewing age
parameter estimates on a logarithmic scale (which is the natural
parameter scale for a Poisson regression analysis) and then modeling the age parameter curve in a simple parametric way
{exp(␤1 + ␤2log[a] – ␤3a)}, resembling a ␥ density (14) providing a shape parameter (␤2), a vertical scaling parameter (␤1),
and a horizontal scaling parameter ( ⳱ ␤2/␤3). Again, we
assumed the number of events in age group a, Ya, to be Poisson
distributed with mean r(a) × PYRSa. We used maximumlikelihood estimation, with the midpoints of the 1-year age intervals as age and sometimes made further adjustments or stratifications as indicated in the text. When fitting this model for
T-cell acute lymphoblastic leukemia for girls or for T cells overall adjusting for sex, convergence was questionable. To overcome this problem, ␤2 was set to 0.5 (␤ˆ 2, boys ⳱ 0.65) when
modeling r(a) for T-cell acute lymphoblastic leukemia. We used
SAS PROC NLIN (version 6.12) for the estimation (15).

RESULTS
Acute Lymphoblastic Leukemia
Overall, 1595 girls and 1859 boys were registered with acute
lymphoblastic leukemia in the NOPHO acute leukemia database
from January 1, 1982, through December 31, 2001, with the
subtype distribution shown in Table 1. Diagnosis of Down syndrome was registered for 80 (2.3%) children with acute lymphoblastic leukemia. Table 1 shows standardized incidence rates,
adjusted for age, sex, and country, for acute lymphoblastic leukemia and its subtypes, including infant acute lymphoblastic
leukemia, in five 4-year calendar periods. The incidence rate of
acute lymphoblastic leukemia overall remained stable during the
20-year study period (annual change ⳱ 0.22%, 95% confidence
interval [CI] ⳱ –0.36% to 0.80%; Fig. 1). The incidence rate of
acute lymphoblastic leukemia not otherwise specified decreased
during the study period (Table 1). Though statistically consistent
with a constant rate of decreasing incidence throughout the study
period (annual change ⳱ –15.00%, 95% CI ⳱ –17.79% to
–12.15%), the reduction in proportion of acute lymphoblastic
leukemia not otherwise specified was particularly pronounced
early in the study period (Table 1), constituting 13.8% of all

Table 1. Incidence of acute lymphoblastic leukemia (ALL) in the Nordic countries*
Incidence rate per 100 000 person-years (No. of cases)
ALL by sex and subtype

1982–1985

1986–1989

1990–1993

1994–1997

1998–2001

ALL by sex
Boys
Girls
Overall

3.96 (348)
3.74 (312)
3.84 (660)

4.04 (344)
3.71 (301)
3.87 (645)

4.22 (374)
3.68 (312)
3.94 (686)

4.15 (392)
3.86 (348)
4.03 (740)

4.32 (401)
3.67 (322)
4.00 (723)

ALL subtype†
B-precursor
T-cell
NOS

2.92 (501)
0.30 (54)
0.53 (91)

3.36 (560)
0.31 (53)
0.14 (23)

3.39 (590)
0.38 (64)
0.13 (23)

3.46 (638)
0.38 (68)
0.10 (19)

3.59 (647)
0.36 (66)
0.03 (5)

Infant

1.98 (21)

2.05 (23)

1.41 (18)

2.32 (28)

1.37 (15)

*All incidence rates are standardized by age (in 1-year strata), sex, and country to the Nordic child population. NOS ⳱ ALL not otherwise specified; Infant
ALL ⳱ children diagnosed between 0 and 12 months of age.
†Numbers of ALL subtype cases do not add up to the number of cases of ALL overall because of the exclusion of 52 mature B-cell ALL cases.
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classified according to their immunophenotype as follows: B
precursor, mature B cell, T cell, or not otherwise specified, if
registered information does not allow proper classification.
Cases of acute myeloid leukemia are grouped according to the
modified French/American/British classification (10). In addition, one subtype of leukemia is classified according to age of
diagnosis, i.e., infant leukemia (children diagnosed with leukemia between 0 and 12 months), because of the special cytogenetic, clinical, and prognostic features of this group of patients
(10).
We identified all children (aged 0–14 years) registered with
acute lymphoblastic leukemia or acute myeloid leukemia in the
NOPHO database who resided in a Nordic country on the date of
diagnosis. All records of both acute lymphoblastic leukemia and
acute myeloid leukemia patients were scrutinized to exclude
patients with previous cancers (n ⳱ 0 for acute lymphoblastic
leukemia and n ⳱ 17 for acute myeloid leukemia) and patients
with myelodysplastic syndrome (n ⳱ 27).

acute lymphoblastic leukemia cases in the first 4-year calendar
period, as opposed to less than 5% in the subsequent study
period. The incidence rate of B-precursor acute lymphoblastic
leukemia increased between January 1, 1982, and December 31,
2001 (annual change ⳱ 0.93%, 95% CI ⳱ 0.30% to 1.57%).
However, when we restricted analyses to the period from January 1, 1986, through December 31, 2001, the incidence rate of
B-precursor acute lymphoblastic leukemia remained constant
(annual change ⳱ 0.30%, 95% CI ⳱ –0.57% to 1.18%; Fig. 1).
The incidence rate of infant acute lymphoblastic leukemia was
also stable between January 1, 1982, and December 31, 2001
(annual change ⳱ –1.16%, 95% CI ⳱ –4.48% to 2.27%).
No differences in incidence trend estimates in the period from
January 1, 1986, throughout 2001 for B-precursor acute lymphoblastic leukemia were observed between the five countries
(P for homogeneity ⳱ .99, adjusted for age and sex), between
girls and boys (P for homogeneity ⳱ .95, adjusted for age and
country), or between 1-year age groups (P for homogeneity ⳱
.41, adjusted for sex and country). In particular, no increase in
incidence rate was observed for the peak age group of 2- to
5-year-olds (annual change ⳱ –0.08%, 95% CI ⳱ –1.23% to
1.08%) or in the age group of 1- to 4-year-olds (annual change
⳱ 0.08%, 95% CI ⳱ –1.07% to 1.25%). Age-specific incidence
rates for B-precursor acute lymphoblastic leukemia from 1986
through 2001, stratified by country and period, are presented in
Figs. 2 and 3. Both the overall incidence rate (P for homogeneity
⳱ .32, adjusted for age and country) and age-specific incidence
rates (P for homogeneity ⳱ .50, adjusted for country) were
similar between boys and girls.
The incidence rate of T-cell acute lymphoblastic leukemia
remained constant during the period from January 1, 1986,
throughout 2001 (annual change ⳱ 1.55%, 95% CI ⳱ –1.14%
to 4.31%). This was true for all countries, both sexes, and all age
groups (data not shown). Fig. 4, A and B, demonstrates sex- and
age-specific incidence rates for T-cell acute lymphoblastic leukemia in the five Nordic countries combined. The age distribu-

Fig. 2. Age-specific incidence rates of B-precursor acute lymphoblastic leukemia
in the Nordic countries from January 1, 1986, through December 31, 2001 (P for
homogeneity ⳱ .43, adjusted for sex). Solid line ⳱ model-predicted, agespecific incidence rate in the Nordic countries combined.

Fig. 3. Model-predicted, age-specific incidence rates of B-precursor acute lymphoblastic leukemia in the Nordic countries stratified in four calendar periods
(P for homogeneity ⳱ .33, adjusted for sex).

tion was the same in all five Nordic countries (P for homogeneity ⳱ .57). The overall male/female incidence rate ratio was
2.19 for T-cell acute lymphoblastic leukemia and was constant
for all age groups (P for homogeneity ⳱ .15, adjusted for country).
Excluding children with Down syndrome from the acute lymphoblastic leukemia analyses did not change the results substantially (data not shown). The small number (n ⳱ 52) of registered
cases of mature B-cell acute lymphoblastic leukemia prevented
meaningful analyses.
Acute Myeloid Leukemia
Overall, 260 girls and 224 boys were registered with acute
myeloid leukemia in the period from January 1, 1985, through
December 31, 2001. Down syndrome was registered for 67
(13.8%) of the children with acute myeloid leukemia (45 girls
and 22 boys). The incidence rate of acute myeloid leukemia was
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Fig. 1. Incidence rates of acute lymphoblastic leukemia (ALL) overall (January
1, 1982, through December 31, 2001), B-precursor ALL (January 1, 1986,
through December 31, 2001), and T-cell ALL (January 1, 1986, through
December 31, 2001) in the Nordic countries. A Poisson regression model was
used to estimate the effect of calendar time as a linear trend, adjusting for age
(in 1-year strata), sex, and country. The lines represent predicted values from the
model, and the curvature of the lines is caused mainly by changes in the composition of the child populations.

adjusted for age and country), or among age groups (P for homogeneity ⳱ .64, adjusted for sex and country).
The age-specific pattern for acute myeloid leukemia incidence changed when children with Down syndrome were excluded (Fig. 5). This reflected that Down syndrome children
exclusively were diagnosed with acute myeloid leukemia before
the age of 5 years. The female/male case ratio for acute myeloid
leukemia was 1.16 among children without Down syndrome and
2.05 among children with Down syndrome. The age-specific
incidence patterns were similar in all Nordic countries for children without Down syndrome (P for homogeneity ⳱ .94, adjusted for sex).

DISCUSSION

constant throughout the period from January 1, 1985, through
December 31, 2001 (annual change ⳱ 0.58%, 95% CI ⳱
–1.24% to 2.44%; Table 2). Excluding patients with Down syndrome from the analyses did not change the observed trend
estimates (annual change ⳱ 0.95%, 95% CI ⳱ –1.02 to 2.96%).
No difference in incidence trend estimates was observed among
the five countries (P for homogeneity ⳱ .35, adjusted for age
and sex), between girls and boys (P for homogeneity ⳱ .24,

Table 2. Incidence of de novo acute myeloid leukemia (AML) in the Nordic countries*
Incidence rate per 100 000 person years (No. of cases)
AML overall and by sex

1985–1988

1989–1992

1993–1996

1997–2001

AML by sex
Boys
Girls
AML overall
AML overall exclusive of Down syndrome
Infant AML

0.52 (45)
0.79 (65)
0.66 (110)
0.54 (92)
1.30 (14)

0.61 (53)
0.70 (59)
0.65 (112)
0.58 (100)
1.54 (19)

0.54 (50)
0.60 (53)
0.57 (103)
0.49 (87)
1.20 (15)

0.67 (76)
0.77 (83)
0.72 (159)
0.62 (138)
1.20 (17)

*All incidence rates are standardized by age (in 1-year strata), sex, and country to the Nordic child population. Infant AML ⳱ children diagnosed between 0 and
12 months of age.
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Fig. 4. Age-specific incidence rates of T-cell acute lymphoblastic leukemia for
boys (A) and girls (B) in the Nordic countries from January 1, 1986, through
December 31, 2001. Solid line ⳱ the model-predicted, age-specific incidence
rate.

The present analysis demonstrated that incidence rates of
childhood leukemias, whether acute myeloid leukemia or acute
lymphoblastic leukemia, have been remarkably stable during the
last 20 years in the Nordic countries. These findings extend
previous incidence surveys from the population-based Nordic
Cancer Registries (16–21) also reporting constant incidence
rates, thus, suggesting that the incidence of childhood leukemia
has been stable for more than 40 years.
Incidence surveys have revealed a 10-fold variation in the
incidence of childhood acute lymphoblastic leukemia worldwide, and studies (22–24) have indicated a geographic correlation between socioeconomic status and childhood acute lymphoblastic leukemia incidence. The higher acute lymphoblastic
leukemia incidence in developed countries reflects a high incidence of B-precursor acute lymphoblastic leukemia that makes
up the conspicuous acute lymphoblastic leukemia incidence
peak in children 2–5 years old in industrialized countries (Fig. 2)
(22). Accordingly, earlier studies have indicated that this characteristic incidence peak emerges with socioeconomic development (22). These observations are consistent with the hypothesis
that the risk of childhood acute lymphoblastic leukemia can be
modified by exogenous factors (25).
It is interesting that recent studies from the United Kingdom
(5,6) and Northern Italy (7) have pointed toward increases in
B-precursor acute lymphoblastic leukemia incidence, suggesting
changes in the prevalence of risk factors for childhood acute
lymphoblastic leukemia. A number of methodologic issues,
however, need to be considered in the interpretation of these
investigations, including the limited number of observations,
diagnostic misclassification, imprecise information about the
population at risk, and annual fluctuations in incidence, which
could create artificially increasing (or decreasing) trends in in-

cidence, if the study period were set to start or end around a
given calendar year (e.g., 1989 in our data).
In the present study, we took advantage of complete and
detailed registration of all cases of childhood leukemia diagnosed in a 20-year period in the homogeneous populations of the
Nordic countries, combined with detailed information on the
annual age and sex composition of the Nordic child population
of 5 million. Throughout the 1960s, civil registration systems
were established in the Nordic countries; since then, these systems have continuously monitored the vital status of all residents
by use of unique person-number systems (9). All patients in the
Nordic countries have free and easy access to public health care,
and children with leukemia are treated according to common
Nordic protocols. Therefore, registration of patients in the NOPHO
acute leukemia database is considered complete and misclassification of cases is negligible. In addition, follow-up of each patient
with respect to treatment and disease status ensures a high degree of validity of all registered diagnoses. This system allowed
us to accrue a large number of leukemia cases to provide relatively precise incidence estimates and also to perform detailed
incidence trend analyses.
At first glance, our analyses indicated that a modest increase
in the incidence of B-precursor acute lymphoblastic leukemia
might have occurred during the study period. However, comparison with trends in the incidence of other acute lymphoblastic
leukemia subgroups strongly indicated that the observed increase in B-precursor acute lymphoblastic leukemia is an artifact
that reflects insufficient leukemia classification in the early part
of the study period. Thus, the increasing incidence of B-precursor acute lymphoblastic leukemia that occurred early in the
study period (i.e., between 1982 and 1985) was conspicuously
mirrored by the decreasing incidence of unspecified acute lymphoblastic leukemia. In analyses restricted to the period from
1986 through 2001, no changes were observed in the incidence
of B-precursor acute lymphoblastic leukemia overall or in the
incidence of B-precursor acute lymphoblastic leukemia in specific age groups. Importantly, the peak age of B-precursor acute
lymphoblastic leukemia did not change from 1986 through 2001,
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Fig. 5. Age-specific incidence rates of de novo acute myeloid leukemia (AML)
in the Nordic countries from January 1, 1985, through 2001. Incidence rates for
AML overall and AML exclusive of Down syndrome are shown.

and the shape of the age-specific incidence curve did not change
(Fig. 3).
As shown in Fig. 1, the incidence rate of acute lymphoblastic
leukemia in calendar year 1989 was very low. This rate could
not be explained by any systematic mistakes in the recording of
cases. The case distribution in 1989 did not differ statistically
significantly between sexes, countries, age groups, or subtypes
compared with the rest of the study period (data not shown).
Therefore, we believe that the low incidence in this year is a
phenomenon brought about by coincident low incidence rates in
all the Nordic countries.
We found a stable incidence of T-cell acute lymphoblastic
leukemia between 1985 and 2001. The annual incidence of Tcell acute lymphoblastic leukemia of approximately 0.36 case
per 100 000 child-years corresponds to what has been found in
other developed countries (7,22,26,27). Not surprisingly, we
found that twice as many boys as girls were diagnosed with this
disease (26–28). Our analyses indicated that the age-specific
incidence pattern for boys followed a bell-shaped curve with a
peak age of approximately 6 years (Fig. 4, A). Although the low
number of girls with T-cell acute lymphoblastic leukemia prevented statistical assessment of variation in age-specific incidences, there was no indication that the age-specific incidence
pattern in girls should be any different from that in boys (Fig. 4, B).
The observed incidence of acute lymphoblastic leukemia in
the Nordic countries (approximately 4.0 cases per 100 000 childyears; Table 1) is among the highest in the world (24). If exogenous factors are involved in the development of childhood
acute lymphoblastic leukemia, the constant incidence rates observed in the Nordic countries over a 40-year period indicate that
the prevalence of these elusive risk factors has been constant or
that they may have counterbalanced over a similar period of
time. An alternative explanation is that the relatively high childhood leukemia incidence in the Nordic countries might reflect a
saturation phenomenon, i.e., the number of susceptible individuals and prevalence of risk factors are at their maximum. Thus,
the increasing incidence rates of B-precursor acute lymphoblastic leukemia reported from the United Kingdom and Northern
Italy need not conflict with our findings but could reflect the fact
that a similar saturation phenomenon has not yet occurred in
these countries.
In comparison with acute lymphoblastic leukemia, the incidence rate of acute myeloid leukemia is more uniform across the
world, and there is no clear geographic pattern in incidence rates
(24). Trend analyses from different parts of the world have provided different and inconsistent results, but two recent reports
(5,6) from the United Kingdom have suggested an increase of up
to 3% per year for this leukemia subtype. In contrast, we observed no change in incidence of acute myeloid leukemia in the
Nordic countries from January 1, 1985, through December 31,
2001. Importantly, the annual incidence rate of acute myeloid
leukemia in our material did not include children with Down
syndrome, secondary acute myeloid leukemia, or myelodysplastic syndrome.
To our knowledge, this study is the largest so far to analyze
change in incidence pattern of childhood leukemia by age and
immunophenotype. We found that incidences of acute myeloid
leukemia overall, acute lymphoblastic leukemia overall, and
specific acute lymphoblastic leukemia immunophenotypes have
been remarkably stable in the Nordic countries over the past two
decades.

REFERENCES

1544 ARTICLES

(17)
(18)

(19)
(20)

(21)

(22)

(23)
(24)
(25)
(26)

(27)

(28)

NOTES
Supported by the Danish Cancer Society grant No. DP01083 (to M. Melbye),
the Danish Children’s Cancer Foundation, and the Dagmar Marshall Foundation.
Manuscript received April 29, 2003; revised July 21, 2003; accepted August
4, 2003.

Journal of the National Cancer Institute, Vol. 95, No. 20, October 15, 2003

Downloaded from http://jnci.oxfordjournals.org/ at Karolinska Institutet University Library on September 20, 2013

(1) Dockerty JD, Cox B, Cockburn MG. Childhood leukaemias in New Zealand: time trends and ethnic differences. Br J Cancer 1996;73:1141–7.
(2) McNally RJ, Cairns DP, Eden OB, Kelsey AM, Taylor GM, Birch JM.
Examination of temporal trends in the incidence of childhood leukaemias
and lymphomas provides aetiological clues. Leukemia 2001;15:1612–8.
(3) Hrusak O, Trka J, Zuna J, Polouckova A, Kalina T, Stary J. Acute lymphoblastic leukemia incidence during socioeconomic transition: selective
increase in children from 1 to 4 years. Leukemia 2002;16:720–5.
(4) McNeil DE, Cote TR, Clegg L, Mauer A. SEER update of incidence and
trends in pediatric malignancies: acute lymphoblastic leukemia. Med Pediatr Oncol 2002;39:554–7.
(5) McNally RJ, Birch JM, Taylor GM, Eden OB. Incidence of childhood
precursor B-cell acute lymphoblastic leukaemia in north-west England.
Lancet 2000;356:485–6.
(6) Feltbower RG, Moorman AV, Dovey G, Kinsey SE, McKinney PA. Incidence of childhood acute lymphoblastic leukaemia in Yorkshire, UK. Lancet 2001;358:385–7.
(7) Magnani C, Dalmasso P, Pastore G, Terracini B, Martuzzi M, Mosso ML,
et al. Increasing incidence of childhood leukemia in Northwest Italy,
1975–98. Int J Cancer 2003;105:552–7.
(8) Greaves MF, Pegram SM, Chan LC. Collaborative group study of the
epidemiology of acute lymphoblastic leukaemia subtypes: background and
first report. Leuk Res 1985;9:715–33.
(9) Lunde AS, Lundeborg S, Lettenstrom GS, Thygesen L, Huedner J. The
person-number systems of Sweden, Norway, Denmark and Israel. Vital and
health statistics. Series 2, No. 84. Hyattsville (MD): National Center for
Health Statistics; 1980. DHHS Publ No. (PHS) 80–1358.
(10) Gustafsson G, Lie SO. Acute leukaemias. In: Voûte PA, Kalifa C, Barrett
A, editors. Cancer in children: clinical management. 4th ed. New York
(NY): Oxford University Press; 1998. p. 99–109.
(11) Clayton D, Hills M. Statistical models in epidemiology. Oxford (UK):
Oxford University Press; 1993. p. 227–9.
(12) Robertson C, Boyle P. Age-period-cohort analysis of chronic disease rates.
I: Modelling approach. Stat Med 1998;17:1305–23.
(13) SAS/STAT software: changes and enhancements through release 6.11.
Cary (NC): SAS Institute; 1996. p. 231–316.
(14) Ross SM. Introduction to probability and statistics for engineers and scientists. New York (NY): John Wiley & Sons; 1987. p. 114–20.
(15) SAS/STAT user’s guide, version 6. 4th ed. Vol. II. Cary (NC): SAS Institute; 1989. p. 1135–94.
(16) de Nully Brown P, Hertz H, Olsen JH, Yssing M, Scheibel E, Jensen OM.

Incidence of childhood cancer in Denmark 1943–1984. Int J Epidemiol
1989;18:546–55.
Lund E, Lie SO. Incidence of acute leukaemia in Norway 1957–1981.
Scand J Haematol 1983;31:488–94.
Ericsson JL, Karnstrom L, Mattsson B. Childhood cancer in Sweden,
1958–1974. I. Incidence and mortality. Acta Paediatr Scand 1978;67:
425–32.
Teppo L, Salonen T, Hakulinen T. Incidence of childhood cancer in Finland. J Natl Cancer Inst 1975;55:1065–7.
Hakulinen T, Andersen A, Malker B, Pukkala E, Schou G, Tulinius H.
Trends in cancer incidence in the Nordic countries. A collaborative study of
the five Nordic Cancer Registries. Acta Pathol Microbiol Immunol Scand
Suppl 1986;288:1–151.
Darby SC, Olsen JH, Doll R, Thakrar B, Brown PD, Storm HH, et al.
Trends in childhood leukaemia in the Nordic countries in relation to fallout
from atmospheric nuclear weapons testing. BMJ 1992;304:1005–9.
Greaves MF, Colman SM, Beard ME, Bradstock K, Cabrera ME, Chen
PM, et al. Geographical distribution of acute lymphoblastic leukaemia subtypes: second report of the collaborative group study. Leukemia 1993;7:
27–34.
Parkin DM, Stiller CA, Draper GJ, Bieber CA. The international incidence
of childhood cancer. Int J Cancer 1988;42:511–20.
Stiller CA, Parkin DM. Geographic and ethnic variations in the incidence
of childhood cancer. Br Med Bull 1996;52:682–703.
Greaves M. Molecular genetics, natural history and the demise of childhood leukaemia. Eur J Cancer 1999;35:173–85.
Coebergh JW, van der Does-van den Berg A, van Wering ER, van
Steensel-Moll HA, Valkenburg HA, van’t Veer MB, et al. Childhood leukaemia in The Netherlands, 1973–1986: temporary variation of the incidence of acute lymphocytic leukaemia in young children. Br J Cancer
1989;59:100–5.
McKinney PA, Alexander FE, Cartwright RA, Scott CS, Staines A. Acute
lymphoblastic leukaemia incidence in the UK by immunophenotype. Leukemia 1993;7:1630–4.
Nishi M, Miyake H, Takeda T, Shimada M. Epidemiology of childhood
leukemia in Hokkaido, Japan. Int J Cancer 1996;67:323–6.

