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Between January 1986 and May 1996, 870313 children were tested in European neuroblastoma (NB)
screening programmes. Among these children, 82 cases of NB (age range 4-24 months, median 11
months) were detected by screening. 83% of the patients had localised NB and 17% were diagnosed
with generalised NB (stage 4, 10%; stage 4s, 7%). Unfavourable biological markers (MYCN amplifica-
tion, loss of heterozygosity (LOH) 1p36, DNA di/tetraploidy) were observed in 14% of 76 biologically
examined cases. The median follow-up time of all the patients was 21.5 months (range 1-101 months).
To date, 69 patients are in complete remission (CR) and 2 patients have died due to therapy (stage 4, 1
patient; stage 3, 1 patient with unfavourable markers). Apart from screened patients, 16 other patients
with NB were found who had previously had a normal screening test, i.e. ‘false negative’ patients (age
range 10-41 months, median 31.5 months). The median interval between screening and diagnosis was
24.5 months (range 6-35 months). 11 of the ‘false negative’ patients suffered from generalised NB
(stage 4) and 5 had localised NB at diagnosis. Unfavourable biological markers were observed in 7/12
patients. S patients have died, 2 achieved partial remission and 9 CR. 9 of the 11 patients with unfa-
vourable biological markers diagnosed due to NB screening are currently in CR. It is very likely that,
among the patients without unfavourable biological markers, we detected tumours which may have
regressed spontaneously. These children may have undergone ‘unnecessary’, but unavoidable, diag-
nostic procedures and therapy. To reduce the number of ‘false negative’ patients, a later screening
could be helpful and should be evaluated. © 1998 Elsevier Science Ltd. All rights reserved.
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INTRODUCTION

SINCE THE early 1980s, programmes for biochemical screen-
ing for neuroblastoma have been carried out worldwide. In
Japan, screening started with testing the urine of children for
neuroblastoma at the age of 6 months [1]. Recently, several
districts in Japan introduced additional screening at 18
months of age [2]. In 1994, the North-American neuro-
blastoma screening project ended after examining children’s
urine at 3 weeks and at 6 months of age [3]. Screening for
neuroblastoma in Europe was performed by seven different
study groups, in children between the ages of 4 and 18
months. In Austria, neuroblastoma screening is offered from
7 months onwards [4]. In France, it was performed at 4
months [5]. In Germany, the test was suggested between 6
and 18 months and is now carried out at 12 months [6]. In
the U.K., screening was advised at 4—6 months [7]. The
members of the above-mentioned European groups form the
SENSE (Study for the Evaluation of Neuroblastoma Screen-
ing in Europe) group. The aims of this article were to collate
neuroblastoma cases from neuroblastoma screening projects
in Europe and to analyse the clinical and biological characters
of the tumours. These findings were then correlated with the
prognosis of patients with unfavourable tumour markers
detected early by screening. Other aims were to clarify what,
if any, is the best time for screening [8] and to compare
tumours found by screening with tumours of ‘false negative’
screened patients, to learn about the natural history of the
disease. This article is a report of work carried out within the
SENSE group.

PATIENTS AND METHODS

The aim of early neuroblastoma detection was achieved
differently by the participating groups. The details of meth-
ods used have been published by each group [4-7]. Briefly,
the Austrian project has been running since January 1991. In
Austria, parents are offered the test for their children at a
general check-up and advised to carry it out from the seventh
month onward. Between January 1991 and May 1996
148381 children were tested in Austria and 17 neuro-
blastoma cases were detected by screening. In France,
screening was performed in the Lyon area, from May 1990
until December 1995 when patients were 4 months of age,
and parents were reminded about the test by a letter. In this
project, 103 777 children were tested and 12 cases of neuro-
blastoma were found by screening. In Germany, three differ-
ent studies were established and finally combined. A pilot
study in Hamburg from February 1991 to April 1995 tested
children at 6 months of age until May 1994 and then changed
to 12 months of age. The Stuttgart pilot study tested children
from February 1991 to April 1995 at 6 months of age. In
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Bremen, Lower Saxony and Northrhine Westphalia, children
were tested between April 1992 and April 1995 from 12 to 18
months of age. Since May 1995, the three pilot study groups
combined in the ongoing German project, testing children at
12 months of age. The parents were approached by the local
paediatrician at routine check-up visits. Until May 1996,
584490 children had been tested in Germany and 50 neuro-
blastoma cases were detected by screening. In the U.K,,
screening was performed in Birmingham from January 1992
to December 1995, in 4- and 13-month-old children and in
Newcastle upon Tyne from January 1986 to December 1990
in 6-month-old children. The parents of the children were
approached by the public health nurses. In these two projects,
33665 children were screened and three tumours were
detected. Table 1 shows a summary of these data as of 31
May 1996. In all screening projects, children with elevated
test results on two occasions were referred to paediatric
oncology centres for further investigation, including abdom-
inal ultrascan and thoracic X-ray. The true positive neuro-
blastoma patients were staged according to INSS [9] and
treated according to the national protocols [10-14]. In all
patients, tumour surgery was performed at diagnosis or fol-
lowing neoadjuvant chemotherapy. Response evaluation was
also according to INSS.

The details of the urine analysis will be described in a
separate paper from the SENSE group. In brief, urine was
analysed for homovanillic acid (HVA) and vanillylmandelic
acid (VMA) by enzyme-linked immunoassay and/or thin-layer
chromatography, gas chromatography/mass spectometry and/
or high performance liquid chromatography, the last being
the most commonly used method.

Tumour samples for histopathological and biological stu-
dies were obtained surgically from the primary lesion before
any therapy was given. The methods of tumour examination
for MYCN, loss of heterozygosity (ILOH) 1p36 and DNA
ploidy have been previously published [15]. The classification
of markers as favourable or unfavourable is shown in Tables 2
and 3. Representative sections of the tumours were classified
according to Shimada. Serum levels for neuron specific eno-
lase and/or lactate dehydrogenase and/or ferritin were mea-
sured before therapy. Clinical data from the individual cases
with follow-up information after 1-101 months (median 21.5
months) from diagnosis were collected.

RESULTS
870313 of approximately 2 158 187 children were tested in
European mass screening projects resulting in an overall par-
ticipation rate of 40.3%. There were remarkable differences
in the compliance rates between the local studies, ranging
from 30.9% in Austria to 80.5% in France.

Table 1. Summary of patients in European neuroblastoma screening projects (as of 31 May 1996)

Screening No. of No. of neuroblastoma False negative Detection

Country age children tested detected cases rate
Austria at 8 months 148381 17 1 1:8728
France at 4 months 103777 12 5 1:8648
Germany at 6 months 584490 50 7 1:11690

12 months and

18 months
U.K. at 4-6 months 33665 3 3 1:11222

and 13 months
All 870313 82 16 1:10 614
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Table 2. 65 screened parients with favourable biological markers

Screening centre Patient Age (months) Ferritin Ploidy LOH 1p36 MYCN Stage Histology* Status
NC.UK 01 9 nd nt nd neg 2a Unknown CR
NC.UK 02 6 n nt nd neg 4s Unknown CR
B.UK 03 10 n nt neg neg 1 Favourable CR
G.A. 04 9 n nt neg neg 1 Favourable CR
G.A. 05 10 n nt neg neg 3 Favourable CR
G.A. 06 11 n nd neg nd 3 Unknown VGPR
G.A. 07 9 n nt neg neg 2b Favourable CR
G.A. 08 8 n nt neg neg 3 Unknown CR
G.A. 09 9 n nt neg neg 2b Favourable CR
G.A. 10 10 n nt neg neg 1 Favourable CR
G.A. 11 10 n nt neg neg 2b Favourable VGPR
G.A. 12 9 n nt neg neg 2b Favourable CR
G.A. 13 11 n nt neg neg 1 Favourable CR
G.A. 14 9 n nt neg neg 3 Unknown PR, relapse
G.A. 15 8 n nt neg neg 3 Unknown CR
G.A. 16 16 n nd neg neg 4 Unknown PR
S.G. 17 11 n nt neg neg 1 Favourable CR
S.G. 18 8 n nt neg neg 1 Favourable CR
S.G. 19 10 n nt neg neg 3 Favourable CR
S.G. 20 8 S nt neg neg 4s Unknown CR
S.G. 21 14 n nt neg neg 2a Unknown CR
S.G. 22 10 n nd neg neg 4 Unknown Dead
S.G. 23 11 n nt neg neg 2a Favourable CR
S.G. 24 10 n nd neg neg 4 Unknown CR
S.G. 25 11 n nt neg neg 1 Favourable CR
S.G. 26 12 n nt neg neg 2a Favourable CR
S.G. 27 10 n nt neg neg 1 Favourable CR
S.G. 28 9 n nd neg neg 4 Favourable PR
S.G. 29 11 n nt neg neg 1 Unfavourable CR
S.G. 30 11 n nt neg neg 2b Favourable CR
S.G. 31 13 n nt neg neg 3 Unknown CR
S.G. 32 13 n nt neg neg 1 Favourable CR
S.G. 33 14 n nd neg neg 3 Unknown CR
S.G. 34 19 n nd neg neg 2b Favourable CR
S.G. 35 13 n nd neg neg 2a Unknown CR
L.F. 36 4 n nd neg neg 4s Favourable CR
L.F. 37 6 e nt neg neg 4s Favourable CR
L.F. 38 7 n nt neg neg 1 Favourable CR
L.F. 39 6 n nt neg neg 2b Favourable CR
L.F. 40 8 n nd neg neg 2a Favourable CR
L.F. 41 5 n nt neg neg 2a Favourable CR
L.F. 42 8 n nt neg neg 2a Favourable CR
L.F. 43 6 n nt neg neg 1 Unfavourable CR
L.F. 44 6 n nt neg neg 2a Unknown CR
L.F. 45 6 n nd neg neg 3 Unknown CR
HH.G. 46 9 n nt neg neg 1 Favourable CR
HH.G. 47 8 n nt neg neg 1 Unknown CR
HH.G. 48 13 n nd neg neg 1 Favourable CR
HH.G. 49 15 n nt neg neg 1 Favourable CR
HH.G. 50 14 n nd neg neg 1 Favourable CR
CO.G. 51 19 nd nd nd neg 3 Unknown CR
CO.G. 52 13 nd nt neg neg 2b Unknown CR
CO.G. 53 15 nd nd nd neg 1 Favourable CR
CO.G. 54 11 n nt neg neg 4 Unknown CR
CO.G. 55 13 n nd nd neg 1 Unknown CR
CO.G. 56 14 nd nd nd neg 1 Favourable CR
CO.G. 57 13 n nd nd neg 2b Unknown CR
CO.G. 58 13 n nd nd neg 1 Favourable CR
CO.G. 59 12 e nd neg neg 1 Unknown CR
CO.G. 60 15 n nd nd neg 1 Favourable CR
CO.G. 61 24 n nd nd neg 2a Unfavourable CR
CO.G. 62 17 n p neg neg 1 Unknown CR
CO.G. 63 15 nd nd nd neg 2b Favourable CR
CO.G. 64 16 n nd nd neg 2b Favourable CR
CO.G. 65 14 n nd nd neg 1 Favourable CR

NC.UK, Newecastle, U.K.; B.UK, Birmingham, U.K.; G.A., Graz, Austria; S.G., Stuttgart, Germany; L.F., Lyon, France; HH.G., Hamburg,
Germany; CO.G., Koln, Germany; n, normal; e, elevated; nt, near triploid; p, polysom; LOH, loss of heterozygosity; neg, negative; CR,
complete remission; PR, partial remission; VGPR, very good partial remission; nd, not done. *Shimada classification.
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Table 3. 11 screened patients with unfavourable biological markers

Screening centre Patient Age (months) Ferritin  Ploidy LOH 1p36 MYCN Stage Histology* Statust
G.A. 66 9 n nt neg 5-30 3 Favourable Dead
G.A. 67 8 n nt neg 10-100 1 Unfavourable CR
G.A. 68 10 n 4 neg neg 2b Unfavourable Relapse
G.A. 69 9 n nt neg 3 3 Unknown CR
S.G. 70 10 n 2 pos neg 1 Favourable CR
L.F. 71 6 n >4 pos neg 4s Unfavourable CR
HH.G. 72 8 n pos 100 4 Favourable CR
HH.G. 73 15 n nd pos neg 2b Favourable CR
HH.G. 74 14 n neg neg 2a Favourable CR
CO.G. 75 15 nd neg neg 1 Favourable CR
CO.G. 76 13 nd nd neg 3 Unknown CR

Abbreviations as in Table 2. pos, positive. *Shimada classification. {Last follow-up November 1997.

Among 870313 children tested, 82 neuroblastoma cases
(age range 4-24 months, median 11 months) were detected
by screening. Eighty-three per cent of the patients had localised
neuroblastoma (INSS stage 1, 35%; stage 2, 29%; stage 3,
18%) and 17% were diagnosed with generalised neuroblastoma
(stage 4, 10%; stage 4s, 7%). 16 neuroblastoma cases were
detected clinically after a normal screening test (false negative
cases). 92 of all 98 patients were evaluable. From their clinical
and biological data three different groups could be defined.

The largest group consisted of 65 patients, detected by
neuroblastoma screening, without biological risk factors
(MYCN assessed in 64 patients, LOH 1p36 assessed in 52
patients, MYCN and LOH 1p36 assessed in 51 patients,
DNA ploidy assessed in 40 patients). Table 2 shows a sum-
mary of these patients. The age at diagnosis varied from 4 to
24 months (median 11 months). The stage distribution was
as follows: stage 1, 25 patients; stage 2a, 10 patients; stage
2b, 11 patients; stage 3, 10 patients; stage 4, 5 patients; stage
4s, 4 patients. 3 patients showed an unfavourable histology
according to Shimada (2 stage 1 and 1 stage 2a patients).
Serum ferritin was elevated in 2 4s patients. To date 1 (stage
4) of the children (pt 22) in this group has died, due to toxic
shock during therapy. 2 children (pts 16, 28) have partial
remission of the disease, another has partial remission with

relapse (pt 14), 2 children (pts 6, 11 ) have very good partial
remission of the disease and the other 59 patients are in
complete remission of the disease. The median follow-up in
this group is 27 months (range 6—101 months). The overall
survival of this patient group seems to be very good (prob-
ability of survival 0.98).

The second group consists of 11 patients detected by
screening who had biological risk factors (MYCN, LOH
1p36, DNA ploidy). The age at diagnosis varied from 6 to 15
months (median 10 months). The stage and biological mar-
ker distribution are shown in Table 3. Four tumours showed
di/tetraploidy as a single unfavourable marker. Unfavourable
histology according to Shimada was diagnosed in 3 patients
(stage 1, stage 2B and stage 4s). None of the patients showed
elevated serum ferritin. To date, 1 of the children with neu-
roblastoma with unfavourable biological markers detected by
screening has died (surgical complication, stage 3, MYCN
amplified), 1 child had a relapse (stage 2B, tetraploid
tumour) and the other 10 patients are in complete remission
after adequate therapy according to the national protocols.
The median follow-up time is 17 months (range 4-46
months). Although the tumours show unfavourable biological
factors, the patients of this group still seem to have a very
good prognosis (probability of survival 0.91).

Table 4. ‘False negative’ patients

Interval since

Screening screening Age LOH

centre Patient (months) (months) VMA HVA Ferritin Ploidy 1p36 MYCN Stage Histology* Status
NC.UK 77 21 27 [S [S e nd nd nd 4 Unknown Dead
NC.UK 78 26 32 e e e ne nd nd 4 Unknown Dead
NC.UK 79 24 30 e e nd nd nd nd 4 Unknown CR
HH.G. 80 35 41 e e e nd pos neg 4 Unknown PR
HH.G. 81 27 33 n n n nd nd neg 1 Unknown CR
L.F. 82 33 38 e e e nd nd 20 4 Unknown Dead
L.F. 83 6 10 e e e 2+4 nd [S 3 Unknown Dead
L.F. 84 28 33 n n n nt neg neg 3 Favourable CR
L.F. 85 25 30 e e e nd neg nd 4 Unknown CR
L.F. 86 26 32 e e e nd nd nd 4 Unknown PR
G.A. 87 28 37 e e n 2 neg neg 4 Unfavourable Dead
CO.G. 88 21 33 e e e 2 nd 30 4 Unknown CR
CO.G. 89 19 31 e e e nd nd neg 4 Unknown CR
CO.G. 90 9 21 e e e 2 pos 40 4 Unfavourable CR
CO.G. 91 13 25 e [S e 2 neg neg 2b Favourable CR
CO.G. 92 14 24 [S e n nd nd neg 1 Unknown CR

Abbreviations as in Table 2. pos, positive; VMA, vanillylmandelic acid; HVA, homovanillic acid. *Shimada classification.
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The third group is 16 children with clinically detected
neuroblastoma after a normal screening test (false negative
cases). Only 12 patients had biological risk factors assessed.
These children presented in screening centre-related hospi-
tals and were not systematically sought. The age at diagnosis
ranged from 10 to 41 months (median 31.5 months). The
interval between screening and diagnosis varied between 6
and 35 months (median 24.5 months). All but 2 children had
elevated HVA and VMA at diagnosis. The stage and biologi-
cal marker distribution is shown in Table 4. Two tumours
showed unfavourable histology according to Shimada. Serum
ferritin was elevated in 11 patients. To date 5 patients have
died of the disease, 2 achieved partial remission and 9
children have complete remission. The median follow-up
time is 15 months (range 17-87 months). The prognosis of
patients in this group is by far the worst (probability of
survival 0.66).

Comparing the overall probability of survival of the three
different patient groups, we find the most striking difference
between patients with unfavourable biological markers
detected by screening (0.98) and clinically presenting ‘false
negative’ patients. Using Fisher’s exact test for comparing the
survival of the different patient groups, there is a significant
difference between the screened patients and the ‘false nega-
tive’ patients (P=0.0017). No significant difference in
mortality can be shown between screened patients with
favourable and unfavourable biological markers (P=0.27).
The numbers of patients are too small to allow comparison of
the outcome of patients with unfavourable biological markers
with that for ‘false negative’ patients. We found an even dis-
tribution of tumours with unfavourable biological markers
(14%) among the children with tumours detected by screen-
ing regardless of the age when the screening test was per-
formed (46 infants <1 year, 7 with biological risk factors; 30
children>1 year, 4 with biological risk factors). However,
among the ‘false negative’ patients, there was a considerable
excess of tumours with unfavourable biological markers
(50%) in children over 20 months old.

DISCUSSION

Neuroblastoma screening programmes based on the
detection of catecholamine metabolite excretion in urine have
been established in the hope of being able to diagnose this
disease at an earlier age and clinical stage and to improve
outcome. However, data published from early screening pro-
grammes show that screening at the age of 6 months may not
meet this objective [3]. In populations which were screened
in the first 6 months of life, an increased rate of localised
neuroblastoma was observed, but this did not lead to a
reduction in high-stage neuroblastoma cases in subsequent
years of life [1-3]. Therefore, it may be concluded that neu-
roblastoma screening in the first months of life increases the
apparent number of children with neuroblastoma and, hence,
the morbidity rate of the disease. Supporting evidence comes
from a significant number of cases identified by biochemical
screening which have undergone spontaneous regression
during a period of 2-18 months after detection without any
therapy [1, 16-18].

It may be assumed that a significant number of tumours
without biological risk factors (MYCN amplification, LOH
1p36 and DNA ploidy assessed as in Table 2) which are
presented in this paper belong to this group of ‘benign’ neu-
roblastoma. For these patients, screening may represent a
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harmful risk to the health of the child and also to the psy-
chological well-being of the family.

Additionally, the group of tumours without unfavourable
biological markers includes localised neuroblastoma with a
low tendency to invasive growth and metastatic potential. In
these cases, earlier diagnosis of the disease may not be
reflected in any outcome advantage, but it should be
remembered that favourable biological markers are not
always correlated with a good prognosis. It has been shown
recently that some of these tumours may progress, in spite of
their ‘favourable’ markers [19].

However, a small group of localised tumours could be
defined which would have been classified as favourable, using
clinical prognostic criteria such as age and site, but, after
biological studies showed adverse risk factors (MYCN
amplification, LOH 1p36, DNA ploidy). Similar observations
have been reported by some Japanese screening groups
[1,20,21]. Tumours like these in general have a bad prog-
nosis. It is possible that without early treatment, these
tumours would have shown infiltrative growth and develop-
ment of metastases. To date this patient group seems to have
a remarkably high survival. If the favourable clinical course of
these high-risk patients continues and has resulted from early
treatment, then it is possible to define a small group of
patients who may gain clinical benefit from biochemical
screening in the first year of life. This group of patients com-
prises 14% of all cases detected by screening in our study,
with an equal age distribution within the screening period.
Based on these findings, it is possible that in populations
undergoing biochemical neuroblastoma screening around the
age of 6-12 months, a reduction of disseminated clinically
observed neuroblastoma by this small number may be
expected. It will be hard to substantiate such a small positive
effect of biochemical neuroblastoma screening statistically,
even in a huge epidemiological study [8].

In summary biochemical neuroblastoma screening during
the first year of life detects at least three different groups of
children (i) Group 1—Subclinical neuroblastoma with an
inherent tendency to spontaneous regression which would
never be diagnosed without screening. The total incidence of
this type of neuroblastoma in the normal population is not
known. In screening populations it has been estimated to be
one-third of all detected neuroblastoma cases [22,23]. (ii)
Group 2—I ocalised ‘low-risk’ neuroblastoma without unfa-
vourable biological markers which have a good prognosis
after surgical therapy. This therapy probably could be per-
formed without inducing a prognostic disadvantage even at
the time of clinical diagnosis in most cases, but some cases
probably would have progressed in spite of their ‘favourable’
biological markers. (iii) Group 3—Neuroblastoma with
unfavourable biological markers in localised or early dis-
seminated clinical stages. With the assumption that the bio-
logical markers have the same significance in children under 1
year of age as in older children, it is possible that this group
will gain a survival benefit by early complete resection or by
early intensive multimodal therapy. These tumours make up
only a small proportion of the entire group of screened neu-
roblastoma (14%).

Therefore, after the detection of a localised neuroblastoma
by biochemical screening the question arises as to which
group the patient concerned belongs. This classification of
the disease is important because a risk-adapted therapeutic
decision is desirable. For group 1 a ‘wait and see’ policy is
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plausible, for group 2 surgical intervention is appropriate and
group 3 patients may require multimodal therapy. Unfortu-
nately, until now there are no non-invasive methods to dis-
criminate between the different tumours. Therefore, it is
necessary to sample tumour material in order to study biolo-
gical risk factors in every case. Fine needle biopsy as an ade-
quate method to investigate the biological markers as a basis
for a proper therapeutic decision has recently been ques-
tioned [19,24]. Whether in future studies there may be a
‘wait and see’ policy for patients without unfavourable biolo-
gical markers depends on the development of new minimally
invasive, highly predictive diagnostic methods. Currently,
complete or gross resection of screened tumours should be
performed in the majority of cases, as was done in most
patients presented in our study.

It seems that for the group 3 patients active therapeutic
intervention improved the outcome. Unfortunately, in order
to achieve this, an unknown but significant number of
patients may have undergone unnecessary operations; not to
mention the psychological burden on themselves and their
families. This diagnostic and therapeutic dilemma is one of
the main problems of all neuroblastoma screening pro-
grammes during the first year of life as it is for all other loca-
lised neuroblastomas detected early in life. Therefore, if
screening programmes continue, the invention of a minimally
invasive test predicting to which risk group a screened neu-
roblastoma patient belongs would be highly desirable.

This paper addresses another problem which brings the
value of neuroblastoma screening in infancy into question.
During careful follow-up of the screened infants, a significant
group of patients has been defined who were found to be
urine catecholamine metabolite negative as infants, but were
diagnosed with secreting neuroblastoma during the third year
of life. These ‘false negative’ patients have a higher mortality.
As most of these patients were found to excrete catechola-
mine metabolites at the time of clinical diagnosis, all attempts
should be made to include them in early detection pro-
grammes, perhaps by postponing screening or by a second
screening. The data presented in this paper provide some
information about this crucial question. The average interval
between a negative screening test and clinical diagnosis was
24.5 (6-35) months. At this time, 81% (13/16) of the ‘false
negative’ tumours showed locoregional or distant dissemina-
tion (2 INNS stage 3; 11 stage 4). On the basis of clinical
observations, it has been shown that the time from localised
to disseminated neuroblastoma is approximately 13 months
[25]. Therefore, a screening test around the 18th month of
life might be chosen in order to detect this group of high-risk
neuroblastoma by screening. This is in accordance with ear-
lier assumptions based on epidemiological considerations [8].
It may be assumed that this time point meets the sojourn time
( the period before clinical diagnosis during which the
tumour is detectable by biochemical urine analysis) of this
group of tumours.

The lessons we have learned by the combined evaluation of
clinical, biological and screening data of the SENSE studies
are firstly that screening in the first year of life may offer a
prognostic benefit to a small group of patients with early stage
tumours bearing biological risk factors. However, the screen-
ing process creates an artificial morbidity rate reflected by an
overdiagnosis of tumours which would normally regress
spontaneously. To escape from this dilemma, a minimally
invasive method to predict the biological and clinical beha-
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viour of cases of neuroblastoma needs to be developed and
implemented before neuroblastoma screening should be
considered as a common routine examination in infants.

Secondly, a significant number of high-risk neuro-
blastomas cannot be detected by screening performed too
early. It is possible that screening at 18 months of age may
confer a survival advantage on these patients. However, a
second screening would increase costs. Therefore, it would
be highly desirable to develop cheaper analytical methods
than those which are used today.

There are clearly difficulties in implementing neuro-
blastoma screening. However, in view of the current poor
prognosis of neuroblastoma patients, it is worthwhile per-
severing with it rather than rejecting the screening idea
prematurely.
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