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Unexplained clusters of childhood leukaemia have generated 
concern that they may be causally related to environmental 
exposure to ionising radiation. The workshop provides in-depth 
examination of the aetiology of childhood leukaemia, patterns 
of clustering exhibited by cases and the influence of exposure 
to ionising radiation. special attention has been focussed on 
the EUROCLUS studv of clusterina of childhood leukaemia and 

l monitoring of popul&ions expos& to contamination following 
the Chernobyl accident. There is insufficient evidence to con- 
clude that environmental ionising radiation exposure is a 
causative agent for small clusters such as that reported in the 
vicinity of the Kriimmel nuclear facility 
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Introduction 

The workshop was conducted as an adjunct to a symposium 
on 'Molecular Biology of Hematopoiesis and Treatment of 
Leukaemias and Lymphomas' in Hamburg, 2-6 July 1997. A 
key motivational factor was the intense level of scientific, pub- 
lic health and community concerns regarding the 'Elbmarsch 
cluster' of childhood leukaemias.' Although the area con- 
cerned is  geographically very close to a nuclear facility (the 
Krummel nuclear power plant) the workshop started from the 
premise that a broadly based scientific approach was appro- 
priate and that this should consider other causes of leu- 
kaemia~, other studies of clustering of childhood leukaemia, 
as well as other evidence of association between ionising radi- 
ation and leukaemia. This view was endorsed by Dr Fritz Vah- 
renholt, State Minister of the Environment who, in his wel- 
come, stressed the need to consider the evidence for 
involvement of infectious agents in the aetiology of, specifi- 
cally, childhood leukaemia and the relevance that this might 
have to the Elbmarsch cases. 

Aetiology: current knowledge 

Leukaemias constitute about 5% of all malignancies in most 
populations. There are four main subtypes of leukaemia (acute 
lymphoblastic leukaemia (ALL); acute myeloid leukaemia 
(AML); chronic lymphocytic leukaemia (CLL); and chronic 
myeloid leukaemia (CML)) that may not only differ in biologi- 
cal terms, but also in causal mechanisms. Incidence and mor- 
tality rates generally increase with age with the exception of 
acute lymphoblastic leukaemia which peaks in early child- 
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hood and then rises slowly with age from a trough in late 
adolescence. Rates have remained relatively stable in the 
recent past but show some population-specific variations. The 
distribution of subtypes differs markedly between adults and 
children, with ALL representing a small minority of adult cases 
but the majority of childhood cases. More subtle variations 
between adults and children occur within the four broad 
groups including ALL. Thus the aetiology of ALL in children 
and adults may differ.2 Leukaemia aetiology was considered 
by Dr Alexander (speaking in place of Professor Greaves), Pro- 
fessor Gassman and Dr Zeeb. 

Leukaemias can be induced experimentally in animals by 
ionising radiation, chemicals and viruses. In domesticated ani- 
mals (cats, cattle, chickens) leukaemia/lymphoma can occur 
at a high rate due to interplay between retroviruses, social 
conditions and genetic background. In humans, the same 
group of causative factors are known to apply to particular 
subtypes of the disease. Experimental leukaemia/lymphoma 
can be induced indirectly in animals by proliferative stress in 
the immune system and at least one human lymphoid neo- 
plasia (gastric lymphoma in adults) has a similar aetiology. At 
present no more than a small proportion of all cases (perhaps 
about 15%) can currently be attributed to known risk factors. 

In a lecture focussing on adult leukaemias, Dr Zeeb 
reminded the workshop that the factor most commonly linked 
with leukaemia is  ionising radiation. The elevated incidence 
compared to the baseline is much higher in leukaemias than 
in other cancers, as evident from the study of atomic bomb 
survivors. Studies involving persons exposed to low level 
ionising radiation suffer from a number of methodological 
problems. For workers in nuclear power plants, a slightly elev- 
ated risk for leukaemia has been reported. Studies among 
populations in proximity to nuclear power plants remain 
inconclusive. Studies of populations exposed to relatively high 
levels of ionising radiation have usually been interpreted as 
providing firm evidence that ionising radiation can cause all 
leukaemia cell-types apart from CLL; this view was, however, 
challenged by Dr Kellerer who, in a provocative lecture, ques- 
tioned the strength of the evidence for ALL. In her talk on the 
aetiology of childhood leukaemia, Dr Alexander acknowl- 
edged an established causative role for exposure to ionising 
radiation (eg from exposure to the atomic bomb, in utero X- 
ray) but suggested that the proportion of cases explained in 
this way is likely to be small. 

A large number of studies have confirmed an increased risk 
of (adult) leukaemia, particularly AML, among workers 
exposed to benzene. Occupational exposure to a number of 
other solvents and other chemicals may also increase risk. 
There is  limited evidence that similar exposures (eg to ben- 
zene via parental smoking) may influence childhood AML. 
Chemotherapy with alkylating agents for malignant tumours 
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carries increased risk for AML as a second tumour, with the 
risk ratio elevated up to 300-fold. Chemotherapy appears to 
induce different subtypes of myeloid leukaemia, sometimes 
with short latent periods. 

There is  strong evidence for a viral causation of the adult T 
cell leukaemia/lymphoma (ATL). Infection with HTLV-I early 
in childhood poses a 1 4 %  lifetime risk of ATL. Other viruses 
are currently being investigated with regard to their role in 
haematopoietic tumours. Dr Alexander described the current 
research focus on patterns of exposure and response to com- 
mon infectious agents in childhood leukaemia. The work of 
Kinlen and  colleague^^-^ has repeatedly tested and confirmed 
the hypothesis that rates of total childhood leukaemia would 
be elevated in populations which, though once isolated, had 
experienced substantial population growth or mixing through 
other mechanisms. These demographic features would lead 
to dysregulation of herd immunity and contribute to micro- 
epidemics of common infectious agents. Several reported 
clusters of childhood leukaemia including four in the proxim- 
ity of nuclear facilities can be interpreted in these terms.3d 
The childhood peak of ALL has developed in diverse popu- 
lation~ as they experience socio-economic development; this 
phenomenon is attributable to the common sub-type of ALL 
(CALL) and leads to a hypothesis that this specific subtype may 
arise as a result of patterns of exposure to common infections 
which are correlates of 'devel~oment'.~ It is ~redicted that 
these patterns include absence bf exposures during infancy 
followed, perhaps, by relatively late first exposure or high titre 
exposure. Epidemiology provides considerable indirect sup- 
port for this hypothesis (reviewed in Ref. 7). The evidence 
includes both descriptive epidemiology and studies of individ- 
uals; an example of the latter is lower risk in children who 
are not first-born in their family and/or who attend early day- 
care.8 Biological mechanisms could involve direct cellular 
transformation bv viruses and almost certainlv do for HTLV1. 
2. Other indirect mechanisms may apply for childhood leu- 
kaemia, especially CALL. There is now evidence that inherited 
factors such as HLA haplotype may influence risk; this i s  sup- 
portive of a role for infectious agents. 

From an epidemiological point of view, leukaemias pose an 
ongoing challenge, not least because currently established risk 
factors only explain to such a limited extent why these dis- 
eases occur. 

Clustering of childhood leukaemia (The EUROCLUS study) 

Clusters of childhood leukaemia are frequently reported but 
extremely difficult to evaluate. They have been tentatively 
linked to environmental hazards (eg polluted water supplies, 
ionizing radiation in the proximity of a nuclear facility). How- 
ever, the possible role of chance should not be under-esti- 
mated. This can apply in several ways; firstly, random allo- 
cation of rare events will naturally contain a number of 
apparent clusters, secondly, cases caused by several different 
factors may happen to reside close together and thirdly, a 
genuine cluster, caused by shared exposure to another factor 
(eg an infectious agent) may, by chance, occur near to an 
obvious industrial or other factor which is readily suspected, 
though unrelated. No cause of a cluster has ever been ident- 
ified with certainty. Two problems are ignorance of the causes 
of childhood leukaemia and of whether cases are likely to 
occur in clusters (ie more likely to do so than 'chance', or 
Poisson variability, would predict). 

The EUROCLUS project was established with two objec- 

tives: firstly, to determine whether childhood leukaemia 
andlor specific subgroups show a general tendency to cluster 
within small areas of Europe, and secondly, to explain any 
clustering which is  observed. The project involved the collec- 
tion of leukaemia incidence data for 13 551 cases of child- 
hood leukaemia (CL) diagnosed between 1980 and 1989 in 
defined geographical areas in 17 countries. The cases were 
geographically referenced to small census areas of which 
there were over 26425 in the study regions. The Potthoff- 
Whittinghill method9 was applied to test for evidence of gen- 
eralised clustering within the small areas and to estimate the 
magnitude of clustering. Results indicate statistically signifi- 
cant evidence of generalised clustering of CL but this is of 
small magnitude.1° It follows that intense clusters are unusual 
events and deserve serious attention. There is more evidence 
of clustering of ALL in the childhood peak ages than of other 
subgroups but this did not attain statistical significance. The 
clustering in the total data set was attributable both to proxim- ' 
ity of these ALL cases and to proximity of cases of different 
cell-type and age group at diagnosis. It may, therefore, be 
influenced by some shared aetiological factor. Clustering is * 

most evident in areas of intermediate population density (1 50- 
499 persons/km2). 

For the second objective, up to 25 small areas were selected 
in each of the 17 regions as the most 'clustered'; these were 
matched to 'control' areas of similar size but without evidence 
of excess CL. The clustered areas were examined for evidence 
of temporal overlap of cases at times of predicted suscepti- 
bility to exposure (eg for the childhood peak of ALL, the 18 
months preceding diagnosis). Clustered and control areas 
were compared for two sets of factors: demographic and 
environmental. Data for these comparisons were extracted 
from routine sources or by observers blind to area status. The 
temporal patterns in the clustered areas confirmed predictions 
based on the aetiological hypothesis of shared exposures at 
critical times and these results were highly statistically signifi- 
cant." When clustered areas were compared with control 
areas, the clustered areas showed statistically significant evi- 
dence of demographic features indicative of initial isolation 
and subsequent population mixing; this was evident using 
both objective criteria (population density) and more subjec- 
tive criteria (eg housing influx, construction camps and others 
used by Kinlen and colleagues). Very few clustered areas had 
identifiable environmental factors such as have been noted for 
single reported clusters (eg proximity to nuclear facilities, 
which applied to just four of the 240 clustered areas) and 
no comparisons of clustered/control areas were statistically 
significant. T 

These results from EUROCLUS (see Table 1) strongly sug- 
gest that clustering of cases of CL occurs and is related to the 
aetiology and biology of the disease but involves distribution 
of infectious agents rather than environmental hazards. 

The Elbmarsch childhood leukaemia cluster near the 
nuclear power plant of Kriimmel 

In the early 1990s, a childhood leukaemia cluster was recog- 
nised in the 1500 children of a small community, Samtege- 
meinde Elbmarsch, south of the nuclear power plant of Kriim- 
me1 near Hamburg.' This phenomenon prompted a 
retrospective incidence study encompassing the years 1984- 
1993. Leukaemias and related disorders were ascertained in 
4 800000 inhabitants (up to age 65 years) of three counties 
surrounding the nuclear plant (Liheburgh, Hersogtum Lauen- 
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Childhood leukaemia (CL) does not display strong spatial clustering in small areas in Europe over a 10 year period. 
Intense clusters should be taken seriously. 

CL shows evidence of spatial clustering in small areas of Europe which IS statistically s~gnificant but of small magnitude (2% 
addition to Poisson var~ation). 
Clustering of CL is focussed in areas of intermediate population denslty (150-500 persons/km2) where addition to Poisson 
variation IS 5%. 

For areas with density 25G500 persons/km2, this IS 15% 
For areas with density 500-750 persons/km2 incidence is (un~formly) elevated 
For more densely populated areas, incidence is reduced and clustering is generally absent 

Cluster areas compared with control areas have demographic characteristics indicating 
~solat~on (init~ally) 
population mixing 

Their (final) population density is likely to be moderately dense (500-750 persons/km2) rather than sparse or very dense. Their 
separation from towns is most likely to be moderate (ie journey times &l h). 
Cluster areas compared with control areas fail to demonstrate any unequivocal association with environmental hazards. 
Wlthin cluster areas, cases show statistically significant evidence of temporal overlap involvlng putatlve critical times Identified In 
advance. 

The childhood peak of ALL, during 18 months preceding diagnosis 
CL diagnosed later (5-14 years), during 2 years around birth 
Infant cases during m utero period 

Aetiology: these results support hypotheses involvlng association of CL with micro-epidemics of as yet unknown infectious 
agent(s). Populations of density 250-500/km2 and 500-750/km2 are most likely to support ep~demics. For the childhood peak of 
ALL, delayed first exposure may increase the risk but the agent may be causal for some other cases, including some Infants. 

From Alexander et 

burg, Hamburg-Harburg). The investigators12 calculated the 
leukaemia incidence rate by distance to the nuclear power 
plant discriminating the following areas: <5 km, 5-10 km, 
10-1 5 km, 15-20 km, >20 km and reported an increased risk 
of leukaemia for adults living in the 5-km circle surrounding 
the nuclear plant (78% increase of total leukaemias). 

A critique of the interpretation of these results was provided 
to the workshop by Professor Gassmann. The most important 
point he raised was the geographic distinction between the 
areas where incidence was elevated in children (south of the 
nuclear plant in the community Samtegemeinde Elbmarsch), 
and in adults (north of the plant); these areas were at opposite 
sides of the river Elbe. In the 3000 children of the northern 
half of the 5-km area (city of Geesthacht) just one more case 
of leukaemia could be found in 1984 (1.55 had been 
expected). In the adults of the Samtegemeinde Elbmarsch 
(7900 inhabitants), the leukaemia rate observed was that 
expected. This is true, too, for the first 5-year period, as well 
as for the years 1989-1993 (five cases observed, 4.3 cases 
expected). In the adults of the northern area of the 5-km area 

2 (city of Geesthacht) (24000 inhabitants), surrounding the 
nuclear power plant, an increased number of leukaemias was 
found in the 10-year period. Excesses were evident for CLL 

T (19 cases observed, 13.7 expected) and CML (eight cases 
observed, 4.2 expected) but not for acute (lymphoid/myeloid) 
leukaemias for which observed numbers were less than 
expected. It should be remembered that CLL is known not to 
be caused by exposure to ionising radiation. 

Professor Gassmann concluded that the two separate 
phenomena (high rate of childhood leukaemia south of the 
power plant vs high leukaemia rate for adults in the northern 
region with normal rates for the complementary populations) 
must, if real, have separate causes. 

There are, however, also clear indications of better case 
ascertainment in the 5-km area compared to the other areas: 
42% of the cases in the 5-km area were reported by three or 
more institutions compared to 20% in the 5-10 km area and 
29%, 25% and 31% in distant regions. 

The health impact of environmental pollution in Belarus 
after the Chernobyl disaster 

The question of health effects from the severest nuclear acci- 
dent in history has been a matter of considerable controversy 
and debate. Reports to the workshop were made by Professor 
AM Kellerer, Professor E Konoplya and Dr R Hille. In the wake 
of the catastrophic breakdown of the reactor in Chernobyl, 
there was limited information from the former Soviet Union 
for at least 2 years after the accident. Professor Kellerer argued 
that this 'second disaster' enhanced the prevailing uncer- 
tainties and led to a lasting loss of credibility and that resulting 
confusion and fears have made it extremely difficult to estab- 
lish a reliable picture of the health effects among the popu- 
lation in the contaminated zones. 

The initial exposures due to the short-lived radioiodine have 
led to a dramatic increase in thyroid tumours, especially in 
the young.13-l6 This has created a grave health problem that 
requires increased efforts for early diagnoses of thyroid dis- 
eases and for effective treatment. The continued radiation 
exposure due to the long-lived radioactivity is a different and 
difficult problem. It has involved decisions on the evacuation 
or resettlement of certain regions and the imposition of various 
constraints that affect the living conditions of the population. 
It i s  the long-term health impact of this exposure pattern that 
i s  subject to the greatest uncertainty and controversy. As leu- 
kaemia, especially in children, is the first and most sensitive 
indicator of late effects due to whole body radiation 
exposures, a major effort has been made to document any 
alteration in childhood leukaemia rates in regions most affec- 
ted by the disaster. In an earlier project within the framework 
of the European Commission's Program on Radiation 
Research, cooperation with the Institute of Radiation Medi- 
cine, Kiev, has led to the publication of cancer trends in the 
highly contaminated regions of the Ukraine." No increase in 
leukaemia or cancers (excluding thyroid) were found. This 
result is in line with the magnitude of exposure of the popu- 
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lation, but it differs greatly from the almost universal public 
perception. 

The highet contaminations have occurred in Belarus. 
Childhood leukaemia rates have been assessed in the seven 
major regions of Belarus for the period 1982 to 1 994.'9 This 
i s  the first detailed documentation of the childhood leukaemia 
rates in Belarus before and after the accident. There is no 
increase in childhood leukaemia rates in any one of the six 
regions of Belarus. These findings are, however, based on 
small numbers, and are consistent with increased risk of up 
to 20% in individual regions. Further careful monitoring of 
trends in leukaemia and cancer incidence are therefore set to 
continue with the support of the German and French Ministers 
of the Environment. 

The Chernobyl accident also provides a unique opportunity 
to confirm or refute risk estimates derived from the atomic 
bomb exposure in Japan. However, this requires reliable dosi- 
metric measurements of exposure. For this purpose, measure- 
ments have been carried out in the highly contaminated areas 
of Belarus by Belarussian and German scientists. The German 
measurements in the years 1992 and 1993 involved contami- 
nated food and environmental samples and 42 000 measure- 
ments of individuals. Averaged incorporated radioactivity of 
the population was significantly higher than in control areas, 
but only 2% of exposed cases showed body activities of more 
than 25 kBq per person. This low level represents only a 
slightly enhanced cancer risk, but justifies careful monitoring 
as with radiation workers in the nuclear industry. The individ- 
uals with the higher body burdens were mostly elderly persons 
consuming contaminated food, including milk or forest 
products, and the fact they are older reduces their life-time 
cancer risk. 

The average accumulated dose for the most highly contami- 
nated settlements was below 100 mSv in 10 years. This dose 
is high (10 X average background) though similar natural or 
background levels do exist as in the Kerala region of south 
west India. No significant health impact has been recorded 
there. 

From these studies, the speakers concluded that no signifi- 
cant increase of long-term health effects other than thyroid 
cancer are to be expected in Belarus. However, the scientists 
involved emphasize that this prediction does not exclude indi- 
vidual radiation-related problems and for this reason, humani- 
tarian aid and medical support for the people in the highly 
contaminated areas is still necessary and fully justified. Recent 
studies18 indicating that children from Gomel, including those 
born after the Chernobyl accident, may have higher incidence 
of non-random chromosome translocations compared with a 
control series of Italian children suggest that continued moni- 
toring of cancer rates is warranted. 

In April 1997, the Korma project 'Children and Future of 
Korma' was initiated to make a more detailed evaluation of 
the radiological and health situation for two special settle- 
ments in the highly contaminated region. The aim was to 
evaluate the interdependence between the soil and food con- 
tamination, the radiation exposure and the social status and 
health consequences for individuals. The two villages 
involved in the project, Voronovka and Vassokaja, are situ- 
ated in the Korma region with an average ground contami- 
nation of about 15 Ci/km2 CS-l 37. Soil and food samples have 
been taken and evaluated in the Institute of Radiobiology at 
Minsk. A measuring vehicle equipped with body counters and 
a dosimetric and medical laboratory has been placed at 
Voronovka. Blood samples have been taken and analysed in 
the nearby Korma district hospital. Dosimetric monitors are 

also distributed to the population and gathered after 2-3 
weeks for the evaluation. 

Preliminary results show that internal exposure of the popu- 
lation varies considerably with a mean value of about 100 Bq. 
In two cases there was an association between contaminated 
food and high internal doses. The study is continuing. 

Alongside the scientific studies reported above it should be 
noted that the ECLlS s t ~ d y ~ ~ , ~ ~  and others have monitored 
childhood leukaemia and cancer in areas contaminated to 
lesser extents by the Chernobyl disaster. No evidence of 
increases have been reported except for thyroid cancer and 
infant leukaemiaz2 but the causal nature of the latter associ- 
ation is unclear. 

Concluding remarks 

The workshop succeeded, as hoped, in considering the issues 
in a very broad context. Presently known risk factors for leu- 
kaemia~ certainly include exposure to ionising radiation but 
explain only a minority of cases. Amongst risk factors under 

' 

investigation, especially for childhood leukaemia, patterns of 
exposure to common infectious agents are likely to be 
important. EUROCLUS, the largest study ever to have been 
conducted of clustering of childhood leukaemia points to lim- 
ited generalised clustering of which further scrutiny points to 
explanations in terms of demographic factors suggestive of a 
role for infectious agents. Examination of the Elbmarsch area 
and of other noteworthy clusters fails to link them firmly to 
environmental exposure to ionising radiation. Most are, how- 
ever, capable of explanation in terms of population demogra- 
phy. The intense monitoring that has been in progress since 
the Chernobyl disaster has found little evidence of excess 
leukaemia in populations having 'environmental level' 
exposures. In summary, there is at present insufficient evi- 
dence on which to base the conclusion that radiation 
exposure is causative agent for the Elbmarsch childhood 
leukaemia cluster. 
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