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IF PREVENTION is not possible, then early diagnosis must be the
goal in any form of cancer. There is now ample evidence that
screening for some adult cancers is worthwhile, cost-effective
and saves lives [1, 2], but, to date, the same is not true for
children. The lives of many children with cancer are saved,
but at the cost of expensive multimodality therapy and with
the ‘late effects’ of the treatment, including an increased risk
of second malignancy [3]. The opportunities for screening for
childhood cancer in the population are limited, for a variety of
reasons. Firstly, the relative rarity of cancer in the young (only
one child in 1800 develops leukaemia, the most common
cancer of childhood before the age of 15 years) makes screen-
ing appear expensive per case detected, although this cost
might be counterbalanced by the large number of potential
life years saved by an effective programme. Secondly, the
relative effectiveness of current therapy, with an overall sur-
vival rate in excess of 65-70%, argues against screening for
most childhood cancers. For example, screening might be
possible for Wilms’ tumour using serial abdominal ultrasound
examinations, but the high ‘cure’ rate (80-85%) with current
treatment would suggest that even this would not be worth-
while.

Neuroblastoma is the one childhood cancer for which
screening might be beneficial. The prognosis for disseminated
(stage 4) neuroblastoma diagnosed in clinical practice has
only improved slightly over the last 20 years, and where
progress has been made, it has included the use of very
intensive chemotherapy, often with autologous or allogeneic
bone marrow rescue [4]. The outlook for children diagnosed
with localised disease or those diagnosed at a young age,
particularly those under the age of 1 year, is very much better
than for older children or those with stage 4 disease [5].
In addition, at least 85% of children diagnosed as having
neuroblastoma have raised urine levels of catecholamine
metabolites, detectable by simple biochemical tests on spot
urine samples, and which could be undertaken on whole
populations of babies at an early age [6, 7]. The ease of the
collection of urine from filter papers placed on wet nappies
seems to complete the ‘setting of the scene’ for an ideal
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screening programme, as the major prerequisites of a poten-
tially successful screening programme are all apparently pre-
sent: a serious disease, a simple test, a disease with an
asymptomatic preclinical phase and a better prognosis for
diagnoses made at earlier stages.

Sawada, working in Kyoto, Japan, pioneered the idea, in
the early 1970s, of setting up a screening programme for
neuroblastoma in that city. His initial results were encourag-
ing, indicating that neuroblastoma could be detected by
screening infants at the age of 6 months [8]. The system was
improved when he switched from using a qualitative thin layer
chromatography (TLC) technique, that could only detect
urinary vanillyl mandelic acid (VMA) in 65% of cases to the
quantitative technique of high performance liquid chromato-
graphy [9]. The results were apparently encouraging, with
screen-detected cases having excellent survival. In Japan,
others began to follow the example of Sawada, and the work
of Takeda in Sapporo has led to a greater understanding of
the problems that are faced when trying to evaluate the
effectiveness of whole population screening for neuroblas-
toma. Sapporo is on the island of Hokkaido to the north of the
main island of Honshu and is an ideal place in which to
carry out epidemiological studies. Firstly, the population is
relatively isolated from the rest of Japan and the vast majority
of babies born there remain for the whole of their childhood
and, secondly, a good public health system with comprehen-
sive cancer registration makes it possible to look at the inci-
dence of and survival from neuroblastoma, both before and
after screening. The screening programme was implemented
in Sapporo in 1980 and in the rest of Hokkaido in 1985,
along with the remainder of Japan, which had by then been
persuaded of the efficacy of screening by Sawada’s pioneering
work. A seminal paper from Takeda’s group, published in
1987, was the first to really excite the rest of the world about
the benefits that might be achieved by screening programmes
[10]. Pilot programmes were established in the U.K. [11],
Germany [12, 13], France [14], Austria [15}, North America
[16] and Autralia [17].

Both the Japanese national programme and the pilot studies
elsewhere in the world confirmed Sawada’s observation that
cases of neuroblastoma could be detected by screening at 6
months of age. However, it soon became apparent that screen-
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ing at this age dramatically increased the incidence of neuro-
blastoma, apparently by detecting cases which would other-
wise have regressed spontaneously and never have become
clinical disease. The most convincing evidence for this came
from Sapporo, where screening at 6 months of age was shown
to double the cumulative incidence of neuroblastoma from
1:8400 to at least 1:3515 by the age of 5 years [18]. It has
long been known that cases of neuroblastoma do undergo
spontaneous resolution. Stage 4 neuroblastoma is the most
dramatic example of this process, but regressed neuroblas-
toma is occasionally found in the adrenals of elderly people at
routine autopsy and neuroblastoma iz sizu has been reported
in approximately 1:250 routine autopsies of babies under the
age of 3 months [19]. If half of the cases would have enjoyed
100% survival without any intervention whatsoever, it is not
altogether surprising that survival figures for neuroblastoma in
screened populations have improved. Rather than incidence
rates, evaluation of the effectiveness of neuroblastoma screen-
ing must therefore rely on examination of mortality rates. In
Japan, the whole population has been offered screening since
1985 and here the only possibility is to look for a ‘before
and after’ effect. Clearly any sequential improvements in the
therapy for children with neuroblastoma will confound the
analysis of data from Japan, as would any changes in case
registration and diagnostic accuracy over time. There is, as
yet, little convincing evidence of a fall in mortality rates
from neuroblastoma in Japan that is attributable to screening
[20-22].

The first controlled epidemiological study of neuroblastoma
screening was set up in North America in 1989 [23, 24]. It
had the good fortune to be able to link up with a programme
of urine screening for inborn errors of metabolism that was
already in existence, established in Quebec by Scriver some
20 years previously. Babies were screened at 3 weeks, this
being the time for the established ‘metabolic disease’ screen-
ing, and again at 6 months of age. The whole of the province
of Quebec was to be screened, with neighbouring Canadian
provinces, the State of Minnesota and the Greater Delaware
Valley acting as control, non-screened areas. There were
comprehensive case ascertainment procedures in place in all
areas and, unlike Japan, an agreed common policy on the
treatment of neuroblastoma whether detected clinically or by
screening. The ultimate endpoint of the study is, appropri-
ately, to be a comparison of the mortality rate from neuroblas-
toma between the screened and control areas. The last babies
were entered into the screening programme in 1994, and it
will be at least 1998 before preliminary data are available on
mortality in the study cohorts. However, there are some
intermediate endpoints that may give an indication of the
likely results of the study. Mortality is clearly related to extent
of the disease at presentation, so the stage distribution should
be a good early indicator of outcome. A reduction in the
absolute incidence rate of cases with stages 3 and 4 in older
children within the screened cohort would be a clear indi-
cation that screening is effective in detecting cases of neuro-
blastoma at an earlier stage than would be possible clinically.
The early results of the Quebec screening programme were
presented at the American Society of Pediatric
Hematology/Oncology (ASPHO) meeting in 1994 {25], with
an update at the Fourth International Neuroblastoma Screen-
ing meeting held in Stuttgart in November 1995 [26]. The
number of babies eligible for screening was 470000 and there
was 91% and 75% compliance, respectively, with screening at
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3 weeks and 6 months of age. In the whole cohort, 113 cases
of neuroblastoma have now been diagnosed compared with
the expected number of 53, a more than doubling of the rate
and, as in the Sapporo study, this increase was seen in infants
of less than 1 year in age. However, there has, so far, been no
reduction in the incidence of neuroblastoma diagnosed in
older children, despite the fact that 75% have been screened
twice for neuroblastoma. In the control areas, there has been
no change in the incidence of neuroblastoma, and there has
also been no change in the incidence of children diagnosed
with stages 3 or 4 of the disease. Mortality data in the screened
and control cohorts will not be available for at least another 4
years but, based on the preliminary data, it seems unlikely that
there will be any reduction in the death rate from neuroblas-
toma as a consequence of screening for this disease. A very
interesting early finding of the Quebec study has been the ‘halo
effect’. The increased publicity surrounding the screening
programme has generated an increased awareness of neuro-
blastoma amongst health care professionals and, even prior to
infant screening at 3 weeks of age, an increased number
of cases were detected by means of either routine clinical
examination, including abdominal palpation, or prenatal
ultrasound examination.

Why is neuroblastoma screening probably not effective?
The answer seems to be that what appeared 20 years ago to
be one disease is now at least two, and maybe more, distinct
entities [27]. Besides age and stage, these subtypes of neuro-
blastoma can probably best be defined on molecular and
biological grounds, with NMYC amplification, ploidy [28]
and chromosomal 1p deletions [29] being the major agreed
markers, although more are being defined, such as the tyrosine
kinase (TRK) group of growth factors [30]. It seems that the
biological properties of a tumour are largely inherent and in
most cases, there is no progression from ‘good’ to ‘bad’
features [31]. In both the Japanese and Quebec studies, the
vast majority of screen-detected cases of neuroblastoma were
of the favourable biological category. In the Quebec cohort,
biological data are available for 117 patients, 44 of whom
were detected by screening and the remaining 73 detected
clinically. None of the screen cases had amplified NMYC
(an unfavourable feature), compared with 17% of the cases
detected clinically. There were no diploid tumours (also con-
sidered unfavourable) in the screened cases compared with
15% in the clinical group [32]. In Japan, 862 cases of neuro-
blastoma were detected by screening between 1984 and 1992.
Of the 315 for whom biological data are available, only 6 had
NMYC amplification: 5 had four copies and only 1 had more
than 100 copies [33]. There is clear evidence from unscreened
populations that the prognosis for neuroblastoma is dependent
on the biological properties of the tumour [34] and it is,
therefore, no surprise that cases detected by screening, the vast
majority of which have favourable biological characteristics,
should have such an excellent prognosis.

The timing of screening may well be important. Virtually
all screening programmes to date have been in infants of
approximately 6 months of age or earlier, and, in all cohorts,
there is evidence that tumours with poor prognosis have been
missed by the screening programme (false-negative cases)
with these presenting later, clinically. The observation has
been made that not only are there two types of neuroblastoma
with good and bad prognosis, but these two groups also have
a different, slightly overlapping, age profile. It appears that
screening at 6 months of age detects many of the tumours
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with good prognosis, some of which would otherwise have
regressed spontaneously, but misses many of those with a
prognosis, which at 6 months are too small (or not present) to
produce a sufficient level of catecholamine metabolites for
detection by urine screening. Would screening at a later stage
be more effective? Many centres in Japan have now introduced
asecond screen at 12-18 months and cases have been detected
[35]. In Europe, screening programmes in Germany, Austria
and France have also now moved to a later stage of screening,
but it is clearly too early to determine whether this screening
will be more effective.

There has been considerable interest in screening for neuro-
blastoma in Europe, and, following the Third International
Symposium in Minneapolis in 1991, a Study group for the
Evaluation of Neuroblastoma Screening in Europe (SENSE)
was established, with members from the U.K., Germany,
France, Italy, Austria and Norway [36]. The original objec-
tives were to establish a large Inter-European evaluation study
of the effectiveness of neuroblastoma screening. However,
data from both Japan and Quebec, as well as the European
pilot studies, indicate there is a need for more basic infor-
mation on the biology and epidemiology of neuroblastoma in
unscreened populations before a definitive screening study
can be evaluated and understoood. One of the most important
tasks completed so far has been an evaluation of the statistical
aspects of screening for neuroblastoma. It is quite clear that,
in any evaluation study the only endpoint must be a reduction
in death rate when compared with a well-chosen control
group with identical methods of ascertainment, treatment and
follow-up. Based on screening twice at 12 and 18 months, it
is estimated that the best that could be achieved would be a
25% reduction in mortality and, in order to demonstrate this
difference, a study would need to recruit between 2.5 and 3.5
million children, with a similar number in the control group
[37]. A large controlled study has just started in Germany
which should be able to accrue sufficient numbers of screened
children in a reasonable period of time [38]. However, it will
be at least 8 years before the preliminary results of their
study are available. In the meantime, the advice given by the
International Society of Paediatric Oncology (SIOP) in 1990,
that widespread screening should not be implemented except
in the context of a controlled evaluation study, is still valid
[39]. Profession Nick Day [40], writing about screening for
breast cancer [40], said “The major problem of breast screen-
ing at present is the need for greater understanding of the
heterogenous natural history of the disease. The extent to
which earlier diagnosis improves prognosis is poorly under-
stood, but crucial to determining the full potential of screen-
ing.” This statement is even more true of neuroblastoma.
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