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Incidence of Non-Hodgkin's Lymphoma in Children Between
1970 and 1990 in Nine European Countries
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Data from population-based cancer registries in Europe (nine countries) were used to monitor the

incidence of non-Hodgkin's lymphoma in children aged 0±14 years over the 20 year period 1970±1990.

The overall annual change in incidence was smallÐan increase of 0.76% annually, and there was no

change at all in infants under one year of age. This diVers markedly from the pattern in adults, where

quite large increases have occurred. # 1999 Elsevier Science Ltd. All rights reserved.
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INTRODUCTION

One of the most dramatic changes in cancer risk in recent

decades has been the increase in the rates of non-Hodgkin's

lymphoma (NHL) in many diVerent countries [1, 2]. How-

ever, these changes largely re¯ect changes in rates amongst

adults. Rather less is known of trends in childhood NHL, the

third most common cancer of childhood [3]. In this study,

data from population-based cancer registries in nine Euro-

pean countries have been used to monitor the incidence of

NHL in children aged 0±14 years from 1970±1990.

MATERIALS AND METHODS

The datasets comprised anonymous listings of all cases of

childhood (aged 0±14 years) lymphoma registered during the

period 1970±1990, and were supplied by cancer registries in

nine European countries, participating in the European

Childhood Leukaemia±Lymphoma Incidence Study and

other collaborative projects. Annual estimates of the child-

hood population at risk in the registry areas were also sup-

plied. The registries were Bas Rhin (France), Western

Switzerland (cantons of Geneva, NeuchateÃl and Vaud), Fin-

land, Norway, Slovenia, England and Wales, Scotland, Swe-

den and Slovakia. The relatively recent registries in France

and Switzerland could provide data only since 1975.

The histological diagnosis was supplied according to the

International Classi®cation of Diseases for Oncology, or

other coding schemes (Finland, Slovenia, Sweden). Cases

were allocated to one of the diagnostic groups of the Inter-

national Classi®cation of Childhood Cancer [4]. For

analytical purposes, categories 2b (NHL), 2c (Burkitt's lym-

phoma) and 2e (unspeci®ed lymphoma) were considered as

`NHL', the latter category included on the assumption that

the great majority of Hodgkin's disease cases in childhood

would have been correctly diagnosed and coded as such.

Incidence rates per million person-years were calculated

for age groups under 1, 1±4, 5±9 and 10±14 years, and age-

standardised according to the World Standard Population for

comparison between diVerent time periods.

To examine variations in incidence between the popula-

tions and over time, Poisson regression was used to model the

logarithms of the rates in terms of age, sex, registry and year

of diagnosis, using the GLIM statistical software package [5].

RESULTS

A total of 2560 cases were recorded, 1833 amongst boys

and 727 amongst girls. The numbers of cases in each area

varied from 22 in Switzerland to 1350 from England and

Wales. The great majority of cases had been microscopically

veri®ed diagnoses (MV) (97.7% in total, ranging from 93.4%

in Scotland to 100% in Finland, Bas Rhin and Slovakia),

although the precision of the diagnostic coding varied con-

siderably between centres. There was little change in % MV

between the two decades.

Table 1 shows the age speci®c incidence rates (per million)

for the combined data, comparing the period of the 1970s
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with the 1980s. Table 2 shows the age-standardised inci-

dence rates (per million) for boys and girls at the same two

time periods, from the nine diVerent populations. The two

tables indicate that there were rather higher rates for boys

than for girls, except in infancy (under 1 year of age); that

there was an increase in incidence between the two time per-

iods, except in infants under one year of age, which was pos-

sibly more marked in boys than in girls. Some variation in risk

between populations, and also in the changes over time

between populations was seen.

These aspects were investigated with a regression model.

Table 3 shows the results from sequential addition of vari-

ables to the basic model, which included only age group. The

overall sex ratio (M:F) was 1/0.41 or 2.5 (model 2) but, as

noted above, this diVered by age (model 8), con®rming the

higher risk in infant girls, and a higher risks in boys thereafter.

There was signi®cant heterogeneity of risk between the

nine populations (model 3) and overall, an increase in risk

with time (model 4). The annual percentage change in risk

was + 0.76% (95% con®dence interval (CI) + 0.10 to + 1.40).

This time trend was similar in the two sexes (model 7), but

varied by age (model 5). In fact, there was a decline in risk in

infants aged under 1 year (ÿ 5.3% p.a., 95% CIÿ 9.6 to 1.6)

compared with an increase at older ages of 0.9% pa (95% CI

0.97 to 1.11). Similarly, there was signi®cant heterogeneity in

the time trends between registries (model 6), although no one

population had a change in risk which diVered signi®cantly

from the overall trend of 1.0076.

DISCUSSION

The incidence of NHL in adults has shown marked

increases in many countries, of as much as 3±4% per year

[2, 6]. In the U.S.A. these increases have been most pro-

nounced among the elderly, while changes in the young are

small or non-existent. However, in recent years there is clearly

an even more dramatic upturn in incidence in the U.S.A. due

to AIDS-related NHL in young and middle-aged males [6].

Table 1. Age speci®c incidence rates (per million) for the combined

data, comparing the period of the 1970s with the 1980sa

Males Females

Age (years) 1970±1980 1981±1990 1970±1980 1981±1990

1 4.4 2.4 5.5 2.6

1±4 9.3 9.2 4.0 4.9

5±9 11.4 12.3 4.3 3.9

10±14 10 11.7 4.2 4.8

aIncidence rates of non-Hodgkin's lymphoma (per million person-

years) by sex and age and period. European registries.

Table 2. Age-standardised incidence rates (per million) for boys

and girls in the 1970s and 1980s from nine diVerent populations

Males Females

1970±1980 1981±1990 1970±1980 1981±1990

France (Bas-Rhin) 13.6 15.1 20.5 6.5

Switzerland

(three registries)

13.2 12.5 4.1 0.9

Scotland 7.2 8.7 3.8 3.7

England 8.6 8.9 3.8 3.8

Finland 15.0 12.1 7.1 6.5

Norway 8.7 13.3 2.5 6.5

Sweden 12.1 12.6 4.9 4.7

Slovenia 11.3 11.3 4.4 3.8

Slovakia 14.4 17.3 5.2 6.3

Nine registries

n = 2560

9.8 10.6 4.3 4.4

Age-standardised incidence rates (per million) in two time periods

(1970±1980 and 1981±1990) in the nine European populations.

Table 3. Regression analysis results

Model Values RR (95% CI) w2

1. Age 1 1

1±4 1.83 (1.46±2.32)

5±9 2.17 (1.75±2.75)

10±14 2.04 (1.65±2.59)

2. Age + sex Male 1

Female 0.41 (0.38±0.45) 438.3 df = 1 P 0.001

3. Age + sex + registry Switzerland 1

Slovakia 1.40 (0.92±2.19) 105.5 df = 8 P 0.001

Scotland 0.77 (0.50±1.24)

England 0.83 (0.55±1.29

Norway 0.99 (0.65±1.59)

Slovenia 1.03 (0.65±1.69)

France 1.73 (1.04±2.92)

Sweden 1.10 (0.73±1.74)

Finland 1.28 (0.84±2.03)

4. Age + sex + registry + (year) Year 1.0076 (1.001±1.014) 4.98 df = 1 P 0.03

5. Model 4 + Age*(year) 11.2 df = 3 P 0.01

6. Model 4 + registry*(year) 19.0 df = 8 P 0.02

7. Model 4 + sex*(year) 1.0 df = 1 NS

8. Model 4 + sex*age 32.9 df = 3 P 0.001

Square brackets denote a continuous variable. *Indicates an interaction between variables (as well as main eVects). CI, con®dence interval.

1236 C. Weidmann et al.



This seems to be less evident in EuropeÐa study in France

showed a steep increase in incidence of NHL in adults in the

1980s (10.9% a year) without a single HIV-positive case

being recorded [7] and the proportion of lymphomas of

childhood which are AIDS-related must be very small in

Europe. There is little evidence that the trends are birth

cohort speci®c, however [8]. These age-speci®c patterns of

increase are not observed in all countries, but the pattern in

the U.K. appears to be similar to that in the U.S.A. (greatest

increases at older ages).

The picture in childhood is much less clear. Most large-

scale studies do not indicate any major changes in inci-

denceÐfor example, in data from the SEER programme

between 1973 and 1991 [9], in the Manchester Children's

Tumour Registry (U.K.) between 1954 and 1988 [10] and in

The Netherlands between 1973 and 1985 [11]. However, a

signi®cant increase of 2.9% p.a. in the 20 year period 1970±

1989 was observed in the Greater Delaware Valley Tumor

Registry (U.S.A.) [12]. Increases con®ned to boys were

observed in Queensland between 1973 and 1988 [13] and

(for NHL and Hodgkin's disease combined) in Denmark

between 1943 and 1984 [14].

The possibility that some of the dramatic increase in the

incidence of NHL in adults over the last decades is due to

improved diagnosis has been critically examined by several

authors [15]. Although improved diagnosis (for example, less

misclassi®cation of Hodgkin's disease, or of certain leukae-

mias) could account for small changes in reported incidence,

the net eVect is probably quite small. Such changes could

account for the very small increases which we have observed

in children in Europe (for example, misclassi®cation of NHL

as Hodgkin's disease which many have been greater in the

1970s than 1980s), although it should be noted that the level

of microscopical veri®cation of diagnosis was consistently

high throughout the 20 year period, and there appear to be

no reports of declines in childhood Hodgkin's disease.

A study of childhood leukaemia and lymphoma in The

Netherlands over a 13 year period (1973±1985) did not sug-

gest that change in diagnostic classi®cation had occurredÐ

the 19% of NHL cases with 25% lymphoblasts in the bone

marrow, which could have been classi®ed as lymphomatous

leukaemia, were spread throughout the study period [11].

Whatever is responsible for the dramatic changes in inci-

dence of NHL in adults, it is clear that the eVect in child-

hood, if any, is much smaller. This supports the idea that

some environmental exposure is responsible, and that this

exposure(s) is speci®c to adulthood and/or requires a rela-

tively prolonged duration of exposure to produce an eVect.

One hypothesis receiving considerable attention recently is

the possible link between NHL risk and exposure to ultra-

violet radiation, the latter possibly acting via immunosup-

pression [16, 17]. Such exposure is likely to be less in

childhood than in adult life, and in any case, cannot have

been very prolonged. Skin tumours (melanomatous and non-

melanomatous) are rare in childhood, but are increasing in

incidence in adults. Another possibility is that, given the dif-

ferences in the predominant subtypes of lymphoma in children

and adults, distinct aetiological factors might be involved.

1. Devesa SS, Fears T. Non-Hodgkin's lymphoma time trends:
United States and international data. Cancer Res 1992,
52(Suppl.), 5432s±5440s.

2. Coleman MP, Esteve J, Damiecki P, Arslan A, Renard H.
Trends in cancer incidence and mortality. IARC Sci Publ 1993,
121, 1±806.

3. Stiller CA, Parkin DM. International variations in the incidence
of childhood lymphomas. Paediat Perinat Epidemiol 1990, 4,
303±324.

4. KramaÂrovaÂ E, Stiller CA, Ferlay J, et al. International Classi®-
cation of Childhood Cancer 1996. IARC Technical Report No.
29, Lyon, IARC, 1996.

5. Francis B, Green M, Payne C, eds. The GLIM System. Release 4
Manual. Oxford, Clarendon Press, 1993.

6. Hartge P, Devesa SS, Fraumeni JF Jr. Hodgkin's and non-
Hodgkin's lymphomas. In Doll R, Fraumoni JF, Muir CS, eds.
Trends in Cancer Incidence and Mortality. Cold Spring Harbor
Laboratory Press, 1994, 19±20, 423±453.

7. Carli PM, Boutron MC, Maynadie M, Bailly F, Caillot D, Pet-
rella T. Increase in the incidence of non-Hodgkin's lymphomas:
evidence for a recent sharp increase in France independent of
AIDS. Br J Cancer 1994, 70, 713±715.

8. Holford TR, Zheng T, Mayne ST, McKay LA. Time trends of
non-Hodgkin's lymphoma: are they real? What do they mean?
Cancer Res 1992, 52(Suppl.), 5443s±5446s.

9. Ries LAG, Miller BA, Henley BF, eds. SEER Cancer Statistics
Review, 1973±1991. Bethesda Maryland, NIH Pub 94-2789, 1994.

10. Blair V, Birch JM. Patterns and temporal trends in the incidence
of malignant disease in children: I. Leukaemia and lymphoma.
Eur J Cancer 1994, 30A, 1490±1498.

11. Coebergh JW, van der Does van den Berg A, Kamps WA,
Rammeloo JA, Valkenburg HA, van Wering ER. Malignant
lymphomas in children in The Netherlands in the period 1973±
1985: incidence in relation to leukemia: a report from the Dutch
Childhood Leukemia Study Group. Med Pediatr Oncol 1991, 19,
169±174.

12. Bunin GR, Feuer EJ, Witman PA, Meadows AT. Increasing
incidence of childhood cancer: report of 20 years experience
from the Greater Delaware Valley Tumor Registry. Paed Perinat
Epidemiol 1996, 10, 319±338.

13. McWhirter WR, Petroeschevsky AL. Incidence trends in child-
hood cancer in Queensland, 1973±1988. Med J Aust 1991, 154,
453±455.

14. 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±555.

15. Hartge P, Devesa SS. Quanti®cation of the impact of known risk
factors on time trends in non-Hodgkin's lymphoma incidence.
Cancer Res 1992, 52 (Suppl)), 5566s±5569s.

16. Cartwright R, McNally R, Staines A. The increasing incidence
of non-Hodgkin's lymphoma (NHL) the possible role of sun-
light. Leuk Lymphoma 1994, 14, 387±394.

17. Hall P, Rosendahl I, Mattsson A, Einhorn S. Non-Hodgkin's
lymphoma and skin malignancies±shared etiology. Int J Cancer
1995, 62, 519±522.

AcknowledgementsÐPartial support from a grant (F14PCT95-
0012) of the Programme of Nuclear Fission Safety, DGXII, of the
European Union.

Trends in Childhood Lymphoma in Europe 1237


