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Summary. In 42 tumour samples of human neuroblasto-
ma, histological classification by differentiation (Shima-
da) was significantly correlated with strong positivity
for neuron-specific enolase (NSE) and inversely correlat-
ed with rosette formation. Most ganglioneuroblastomas
were positive for S-100 protein and reacted strongly with
NSE antibody. Histological signs of high proliferative
activity included intermediate or high mitosis-karyorr-
hexis index, necrosis and lack of calcification, which
were significantly correlated with each other. Flow cyto-
metric DNA analysis demonstrated that 88% of the tu-
mour samples had DNA aneuploid stem lines. High S
phase fraction (=>0.20) was significantly correlated with
necrosis and lack of calcification. Univariate analysis
of prognosis for 26 patients whose tumour samples were
obtained before adjuvant treatment showed that five fac-
tors were significantly related to a better outcome: early
stage of the disease (stages I, I, IV-S), S phase fraction
<0.20, favourable Shimada histology, positivity for S-
100 protein, and strong positivity for NSE. In multivar-
iate analysis, only S phase fraction or stage of disease
remained significantly associated with prognosis. DNA
index did not correlate with prognosis in this study.

Key words: Immunohistochemical markers — Flow cyto-
metry — Ploidy — S phase fraction — Shimada classifica-
tion

Introduction

Neuroblastoma, a malignant embryonal tumour arising
from the sympathetic nervous system, comprises about
7% of all childhood neoplasms (Brown et al. 1989). With
progress in basic science several new prognostic indi-
cators have emerged (Carlsen 1991b), but clinical stage
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and age at diagnosis remain the most important prog-
nostic factors (Breslow and McCann 1971; Carlsen et al.
1986; Coldman et al. 1980; Evans et al. 1987; Thomas
et al. 1984; Wilson and Draper 1974). It is also generally
recognized that the prognosis is better for differentiated
than for undifferentiated tumours; some authors have,
however, found the histology of the tumour to be an
independent prognostic factor (Evans et al. 1987; Sand-
stedt et al. 1983; Thomas et al. 1984 ; Wilson and Draper
1974). Some of this discrepancy may be due to the ab-
sence of a uniform terminology (Beckwith and Martin
1968 ; Gitlow et al. 1973; Horn et al. 1956; Hughes et al.
1974; Mikinen 1972; Sandstedt et al. 1983) and the fact
that the differentiation may vary in different parts of
the tumour (Dargeon 1962; Horn et al. 1956; Mikinen
1972). In 1984, Shimada et al. proposed a histopatholog-
ical grading system, which classifies the tumours into
favourable and unfavourable subgroups depending on
the age of the patient and the histology. Immunohisto-
chemical markers of differentiation, such as S-100 pro-
tein (Aoyama et al. 1990; Carlei et al. 1984; Shimada
et al. 1985) and neuron-specific enolase (NSE) (Carlei
et al. 1984) have also been suggested to afford prognostic
information. Cytogenetic studies of modal chromosome
number have associated triploid karyotypes with early
stage disease and favourable prognosis, whereas pseudo-
or near-diploidy is associated with advanced stage, unfa-
vourable age and poor prognosis (Carlsen et al. 1991;
Hayashi etal. 1989; Kaneko etal. 1987). Similarly,
DNA aneuploidy detected by flow cytometry has been
associated with favourable outcome, whereas DNA dip-
loidy of the tumour stem cells has adverse prognostic
significance (Bourhis et al. 1991; Brenner et al. 1989;
Gansler et al. 1986; Look et al. 1984, 1991; Oppedal
et al. 1988; Taylor and Locker 1990; Taylor et al. 1988).
High proliferative activity, which is associated with poor
prognosis (Bourhis etal. 1991; Cohn etal. 1990;
Gansler et al. 1986; Look etal. 1984; Shimada et al.
1984 ; Siavc et al. 1990; Suzuki et al. 1989), is suggested
to be more common in DNA diploid than DNA aneup-
loid tumours.
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The aims of the present study were to assess the prog-
nostic importance of tumour histology, immunohisto-
chemical markers of differentiation, and the DNA distri-
butional parameters obtained by flow cytometry, and
to correlate these variables to other prognostic factors
in neuroblastomas.

Materials and methods

From 1970 to 1980 46 patients under the age of 15 years were
treated for neuroblastoma in the State University Hospital, Rigs-
hospitalet. The overall survival rate was 18 of 46 (39%) (Carlsen
et al. 1981). Eleven of these patients were excluded from the present
study because the histological material was insufficient for analysis.
The excluded patients consisted of 1 of 6 stage I, 3 of 10 stage II,
1 of 8 stage I1I and 6 of 21 stage IV cases. Forty-two formalin-fixed
paraffin-embedded tissue blocks of sufficient size were available
from the remaining 35 patients. The tumour specimens were col-
lected before treatment in 19 cases, both before and after adjuvant
treatment in 7 cases, and after treatment in 9 cases (Tables 1, 2).
Because stage, age and treatment given were the only independent
prognostic variables in a greater sample size of patients including
the present population (Carlsen et al. 1986), and because all but
3 stage I-1I patients have received chemotherapy, only stage and
age were considered clinical prognostic variables in the present
study.

Sections stained with haematoxylin and eosin were graded ac-
cording to Shimada et al. (1984). The patient’s age at diagnosis
is included in the Shimada Classification (1984) to allow categoriza-

tion into favourable or unfavourable histological subgroups (Carl-
sen 1991 b; Gansler et al. 1986; O’Neill et al. 1985; Shimada et al.
1985). Each case was evaluated on a scale of — to +++ in
the following features: rosette formation, necrosis and calcification.
Sections were also immunohistochemically stained for S-100 pro-
tein (Dakopatts, Copenhagen), NSE (Dakopatts) and glial fibrill-
ary acidic protein (GFAP) (Dakopatts) (Carlei et al. 1984; Molen-
aar et al. 1990) using peroxidase-antiperoxidase techniques. Sec-
tions were scored as: — (no positive cells); + (a few positive
cells); + + (easily recognizable numbers of positive cells); or + +
+ (numerous positive cells). The slides were graded and scored
without knowledge of other data (Tables 1, 2).

The staining method used for flow cytometric DNA analysis
of paraftin-embedded material (Ornvold et al. 1990) was a modifi-
cation of the method of Schutte et al. (1985). From each tumour,
two paraffin sections were stained and analysed independently.
Nuclei prepared and stained in the same way from paraffin-embed-
ded normal breast tissue were used for quality control, and showed
a single stem line as indicated by a symmetrical and narrow histo-
gram peak together with minimum debris and clumping and satis-
factory yield of nuclei. DNA histograms were deconvoluted by
maximum likelihood using a model described elsewhere (Christen-
sen et al. 1978; Vindelov and Christensen 1990). The proportion
of nuclei, GO/G1 peak mean and the phase fractions GO/G1, S
and G2+ M of each subpopulation were estimated. The S phase
fractions were calculated using a uniform distribution. Debris was
estimated by a truncated exponential function. The DNA index
was calculated as the ratio of the estimated GO/G1 peak mean
to the first GO/G1 peak mean, correcting for non-linearity between
G2+M and GO/G1 peak fluorescence (Vindelov and Christensen
1990). This definition implicitly defines the first peak as diploid.

Table 1. Patient characteristics of 26 patients whose tumour specimens were obtained before treatment

Patient Age Stage Histopatho-  Histological Immunohisto- DNA flow cytometry Clinical
no. (months) logy features chemistry outcome
Number of Highest (months)
Grade Class Ros Necros Calc S-100  NSE GFAP Stem lines S phase
1 6 I 6 Fav +4++ - - + +++ - 3 0.05 S (>192)
2 6 I 5 Fav  — - + - +++ - 2 0.11 S(>144)
3 96 I 9 Fav — — + ++ ++ — 3 0.16* S (>144)
4 41 I 7 Unf - — + +++ +++ = 2 0.12 S (>120)
5 6 I 6 Fav = — — - - +++ - 3 0.22 S** (Homicide)
6 6 II 3 Fav  + - ++ ND +++ ND 2 0.08 S(>120)
7 36 1I 6 Fav = — — +++ + +++ - 2 0.03* S (>192)
8 17 11 6 Fav  — + — ND +++ ND 2 0.24 M ( 7)
9 13 II 2 Fav  + + + + + — 2 0.15*% S (>168)
10 18 I 9 Fav  — - + + +++  + 3 0.09* S (>132)
1 3 11 3 Fav. ++4+4+ + + + ++ - 2 0.09 S (>120)
12 20 11 8 Fav — — — ND ND ND 1 0.03* S (>120)
13 20 11 6 Fav — — + + + — 2 0.07*  S(>216)
14 16 58 6 Fav  — — + - +++ - 2 0.08% M( 5)
15 31 I 2 Unf + + -~ - ++ - 2 0.26 M( 11)
16 48 111 2 Unf + ++ — — + — 3 0.25 M ( 2)
17 34 1 2 Unf — - - - ++ - 2 0.41 M( 21)
18 5 IV-S 3 Fav 4+ - - - +++ - 2 0.04 S (>144)
19 0 v 3 Fav  + - ++ + + - 3 0.10 M(C 0
20 6 v 3 Fav  ++ — + - ++ — 2 0.38*% M ( 3)
21 20 v 6 Fav = — - — — + — 3 0.33 M ( 0)
22 20 v 5 Unf - +++ - - ++ — 1 0.29*%  M( 3)
23 37 v 5 Unf — + + - ++ — 3 021* M( 17)
24 49 v 3 Unf — - — — — — 2 0.28 M( 23)
25 31 v 3 Unf +4++ + + - + - 3 0.48 M(C 2
26 0 v 2 Fav. ++4++ - - — + — 1 0.12*  M( 0)

* S phase fraction of first GO/G1 peak, representing the stemline with lowest DNA content; ** the patient died by homicide free of
disease and is recorded as being alive in the analysis of prognostic factors; Class, Shimada classification; Ros, rosette formation; Necros,
necrosis; Calc, calcification; S, long-term survivor; M, dead; ND, not done; Fav, favourable histology; Unf, unfavourable histology
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Table 2. Patient characteristics of 16 patients whose tumour specimens were obtained after treatment

Patient Age Stage  Histopatho- Histologic features Immunohisto- DNA flow cytometry  Clinical
no. (months) logy chemistry ——————— outcome
Ros  Necros Calc Number of Highest (months)
Grade Class S-100 NSE GFAP Stemlines S phase

Responding tumours
13 20 I# 8 Fav - - — + +++ = 2 0.15%% S (>216)
14 16 I * 9 Fav - — — - +++ - 3 0.11%* M ( S)
15 31 TIr* 6 Fav ++ - +++  + +++ - 2 0.19 M( 11)
18 5 Iv-S* 7 Unf — - +++ - + + - 2 0.08** S (>144)
27 15 111 9 Fav — — - + ++ — 2 0.11** S (>168)
28 10 v 6 Fav + - + - +++ - 3 0.44%% S (>180)
29 17 v 3 Unf — - + - ++ — 1 0.09%% S (>180)
30 44 v 4 Unf  — — — - +++ - 3 0.31 M ( 5)
31 101 v 9 Fav - — — ++ ++ - 1 0.27*  M( 10)
32 10 v 7 Unf  + +H++ A+ = +++ - 3 0.41**  M( 1)
Progressing tumours

8 17 IT* 2 Unf +4+ + - - ++ - 2 031*%* M 7
17 34 TII* 2 Unf — + — ND ND ND 2 0.25 M( 21
20 6 IV* 6 Fav + - + - +++ - 2 0.22 M ( 3)
33 35 111 5 Unf — - - - ++ - 2 0.29** M ( 16)
34 35 v 2 Unf  + ++ - + ++ - 2 0.29 M ( 6)
35 23 v 5 Unf — — - - +++ - 2 0.23 M ( 3)

* Tumour tissue retrieved both before and after chemotherapeutic treatment; ** S phase fraction of first GO/G1 peak, representing
the stem line with lowest DNA content; for other abbreviations, see Table 1

The median coefficient of variation (CV) was 5%. The flow cyto-
metric analysis was made without knowledge of other data (Ta-
bles 1, 2).

For the comparison of DNA histograms with clinical outcome
and other prognostic indicators, the DNA distribution from each
patient was characterized by the maximum of the estimated S phase
fractions and the pattern of DNA indices of the estimated stem
lines. DNA indices of non-diploid stem lines were grouped in the
intervals <1.4, 1.4-1.6, 1.6-1.8, 1.8-2.2 and >2.2. Only stem lines
comprising more than 10% of the distribution are included. Re-
peated measurements (from different paraffin sections) did not in-
dicate marked differences due to the flow cytometric methodology.

The chi-square test and the four-fold table test were used for
tests of homogeneity. A significance level of 5% was chosen. Logis-
tic regression was used to evaluate the prognostic significance of
age, stage, histopathological classification, immunohistochemical
features and cell cycle analysis (Breslow and McCann 1971; Carl-
sen et al. 1986). For reasons discussed below, only the tumour
samples retrieved before treatment were included in the study of
prognostic factors (Table 1) (Anderson et al. 1985; Biedler et al.
1988; Carlsen 1991a, b).

Results

The data on patient characteristics, histopathology, im-
munohistochemistry, DNA ploidy and cell proliferation
are summarized in Tables 1 and 2, and their univariate
prognostic significance for the 26 patients, whose tu-
mour samples were obtained before treatment, in Ta-
ble 3.

DNA fluorescence histograms were obtained from all
42 tumour samples. In 37 tumours (88%), DNA aneup-
loidy was indicated by the presence of more than one
stem line. Of these, 24 tumours (57%) had one addition-
al stem line and 13 tumours (31%) had two additional
stem lines. In the remaining 5 tumours (12%), only a

Table 3. Results from univariate analysis of 10-year survival® in
26 neuroblastoma patients

Degrees of P

freedom
Age at diagnosis 1 0.41
(0-11 months versus 12 months or more)
Stage of disease 1 <0.001
(I, I, TV-S versus 11T and V)
Shimada classification 1 0.03
(favourable histology versus
unfavourable histology)
Positivity for S-100 protein 1 0.003
Strong (+ + +) positivity for NSE 1 0.03
Number of stem lines 2 0.69
(1, 2 or more)
DNA index
(< 1.4 versus others, 1 0.41
1.4-1.6 versus others, 1 0.10
1.6-1.8 versus others, 1 0.38
1.8-2.2 versus others, 1 1.00
>2.2 versus others) 1 0.59
S phase fraction 1 0.003

(<0.2 versus >0.2)

® A patient who died by homicide free of disease is recorded as
being alive in the analysis of prognostic factors
NSE, Neuron-specific enolase

single stem line was present, classified as DNA diploid;
however, DNA aneuploidy cannot be excluded, because
the technique does not include comparison with internal
reference cells. In 7 cases, samples were retrieved from
the primary tumour both before and after adjuvant
treatment. In 1 case (patient 14) an additional stem line
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Fig. 1A-D. Four DNA distributions are shown. The step curve
indicates the observed histogram and the smooth curves indicate
the fitted distribution with GO/G1, S and G2+ M components.
S phases of stem lines representing 20% or less of the total popula-
tion are not considered reliable and therefore not included in the
further analysis. The debris has been subtracted from the histo-
grams. The coefficient of variation (CV) of the first GO/G1 peak
is indicated in each case. A A DNA distribution sampled from
a tumour prior to adjuvant treatment (patient 14). The GO/G1
peak means of two stem lines are indicated by 1 and 2. B A DNA
distribution sampled from the same tumour after adjuvant treat-
ment (patient 14). There is an additional subpopulation compared
to A. The GO/G1 peak means are indicated by 1, 2 and 3. The
additional subpopulation has a DNA index of 1.16 (G0/G1 peak
mean 2) and may be an artefact of the preparation due to cellular
autolysis. C A DNA distribution sampled from a tumour after
treatment (patient 29). There is only one peak which is assumed
to be diploid. The G0/G1 peak mean is indicated by 1. D A DNA
distribution sampled from a tumour prior to adjuvant treatment
(patient 2). The S phase of the first stem line could not be estimat-
ed. The GO/G1 peak means are indicated by 1 and 2

was found after treatment that might be artefactual
(Alanen et al. 1989).

The dominating stem line was in most cases the one
with the highest S phase fraction (Fig. 1a—d). In 21 tu-
mours, the highest S phase fraction was found in the
stem line with the lowest DNA index (left sample peak),
and the S phase fraction was relatively high (>0.2) in
8 of these tumours. High S phase fractions (>0.2) were
found in 13 of the other 21 tumours (Tables 1, 2).

No major differences were obvious between the data
sets of treated and untreated tumours, when the samples
were classified according to histological grade (degree
of maturation) (Shimada et al. 1984) and then examined

with respect to immunohistochemical staining for S-100
protein and NSE, histological features of rosette forma-
tion, necrosis and calcification, and flow cytometric S
phase fraction >0.2 (Tables 1, 2).

Only one tumour (a ganglioneuroblastoma) was posi-
tive for GFAP, whereas all but one of the tumour sam-
ples were positive for NSE; however, strong positivity
(+ + +) was observed in about half of the samples, and
this score was used for comparison with degree of matu-
ration. Most ganglioneuroblastomas (Shimada grades
748+ 9) were positive for S-100 protein and had strong
positivity for NSE. Among neuroblastomas, differentiat-
ing histology (Shimada grades 4+ 54 6), as opposed to
undifferentiated histology (Shimada grades 2+ 3), was
positively correlated with strong NSE positivity (P=
0.01) and inversely with rosette formation (P=0.02). No
correlation between histological degree of maturation
of neuroblastomas and positivity for S-100 protein was
found.

Amongst neuroblastomas, intermediate or high mito-
sis-karyorrhexis index (MKI) (=100/5,000 cells) (Shi-
mada grades 24+4+5), as opposed to low MKI (< 100/
5,000 cells) (Shimada grades 34 6), was positively corre-
lated with necrosis (P=0.05) and inversely with calcifi-
cation (P=0.05). S phase fraction >0.2 was also inverse-
ly correlated with calcification (P =0.02), but not signifi-
cantly correlated with necrosis or intermediate/high
MKI. However, if ganglioncuroblastomas are included
in the analysis, high S phase fraction (>0.2) was also
correlated with necrosis (P=0.02). The number of stem
lines as assessed by flow cytometry was not correlated
with necrosis or any other parameter of differentiation
or proliferation. It is noticeable that 8 of 10 ganglioneu-
roblastomas had one or two additional stem lines (Ta-
bles 1, 2).

Only the tumour samples retrieved before treatment
were included in the study of prognostic factors (26 pa-
tients) (Table 1) for reasons discussed below. Logistic
regression analysis showed that neither age at diagnosis,
number of tumour stem lines, nor DNA index intervals
were significant for survival (Table 3).

Clinical stage was a highly significant prognostic fac-
tor with more than 90% long-term survival for the pa-
tients in stages I, II and IV-S compared with less than
10% long-term survival for patients in stages III-1V.

All 4 patients with ganglioneuroblastoma (nos. 3, 4,
10 and 12) survived in contrast to 8 of 22 patients (36%)
with neuroblastoma. However, one of the neuroblasto-
ma patients (patient 5) died by homicide free of disease,
and is recorded in the statistical analysis as being alive.
The grading of neuroblastoma into undifferentiated
(Shimada grades 2+3) and differentiating (Shimada
grades 5+ 6) histology did not yield prognostic informa-
tion (Table 1). The immunohistochemical markers of dif-
ferentiation, positivity for S-100 protein and strong (+
+ +) positivity for NSE, were both significantly asso-
ciated with a better prognosis (Table 3). The histological
markers of high proliferative activity (i.e. + necrosis,
— calcification, intermediate MKI) were all non-signifi-
cantly associated with a worse prognosis (Table 1). The
survival was significantly better for the patients with



favourable histology according to the Shimada classifi-
cation (Shimada et al. 1984) (Table 3).

DNA ploidy was not a significant prognostic factor
in our study; however, it is notable that of 4 patients
with a triploid or near triploid stem line (DNA indices
1.4-1.6), 3 are long-term survivors (nos. 1, 3 and 10)
and 1 died free of disease (patient 5); the tumour sam-
ples had, however, additional stem lines. In contrast.
high proliferative activity, as reflected in an S phase frac-
tion >0.2 is a highly significant prognostic factor (Ta-
ble 3).

Multivariate analysis of the same data showed that
number of stem lines, DNA index and age at diagnosis
were not significant in any statistical model. S phase
fraction was a stronger prognostic indicator (P=0.004)
than Shimada classification and the immunohistochemi-
cal markers of differentiation, NSE and S-100 protein,
which were not significant when combined with S phase
fraction. S phase fraction and clinical stage could not
be included in the same model due to the high correla-
tion between them. However, similar results were ob-
tained when stage replaced S phase fraction in the model.

Discussion

Histological evidence is the pivotal criterion for the diag-
nosis of neuroblastoma. The tumour may show the full
range of neuronal differentiation from an undifferentiat-
ed small, round, blue-cell neoplasm to a tumour that
has full ganglionic differentiation. Various grading sys-
tems have been used to evaluate histological differentia-
tion at the light microscopic level, either by quantitative
and semi-quantitative methods based on the proportion
of various differentiated elements (Beckwith and Martin
1968; Gitlow et al. 1973; Molenaar et al. 1990; Sand-
stedt et al. 1983; Shimada et al. 1984) or by qualitative
systems based on the presence or absence of any such
elements (Carlei et al. 1984; Horn et al. 1956; Hughes
et al. 1974; Mikinen 1972; Tsuda et al. 1987). We have
used the grading system of Shimada et al. (1984), and
the correlation we found between histological degree of
maturation and the patterns of positivity for the neural
markers, NSE and S-100 protein, is in accordance with
other studies (Aoyama et al. 1990; Carlei et al. 1984;
Shimada et al. 1985). NSE is found in differentiated neu-
roblasts and, in particular, mature ganglion cells (Carlei
et al. 1984). S-100 protein is found in differentiated neu-
roblasts (Carlei et al. 1984), in Schwann cell precursors
and mature Schwann cells, but not in mature ganglion
cells (Aoyama et al. 1990; Shimada et al. 1985). A very
high level of differentiation is indicated by the presence
of GFAP-positive Schwann cells (Molenaar et al. 1990);
however, only 1 of 9 ganglioneuroblastomas was posi-
tively stained in our study. Several authors have also
tried to correlate the histological picture with prognosis,
and our study supports the view that histological fea-
tures associated with differentiation and proliferative ac-
tivity may yield prognostic information.

It is, however, obvious from the data in Table 2 that
only tumour samples retrieved before adjuvant treat-
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ment can yield prognostic information. Six of 10 re-
sponding tumours had favourable histology compared
with only 1 of 6 relapsing or progressing tumours (An-
derson et al. 1985). Even in responding tumours, the
Shimada classification did not yield prognostic informa-
tion (survival favourable histology 3/6 versus survival
unfavourable histology 2/4) (Table 2) (Biedler et al.
1988). Furthermore, in 7 cases, samples were retrieved
from the primary tumour in the same patient both before
and after adjuvant treatment. In all 4 responders (pa-
tients 13-15, 18), the tumour showed morphological
maturation after treatment. However, in only 1 of 3 re-
lapsing tumours (patients 8, 17, 20), the histological pic-
ture was slightly more “mature” than before treatment
(Tables 1, 2). Most likely this “maturational” effect of
treatment simply represents cytoreduction of the most
undifferentiated cells in responding tumours (Biedler
et al. 1988; Carlsen 1991a). It has been suggested that
the degree of tumour necrosis following preoperative
chemotherapy may be of prognostic value. Our study
points out the association between necrosis and high
proliferative activity, which may hamper the interpreta-
tion of necrosis in tumour specimens obtained at ““de-
layed surgery” (Oppedal et al. 1988). Some authors have
suggested that flow cytometric analysis of tumour speci-
mens obtained after adjuvant treatment may be used
in analysis of prognostic factors, because the DNA histo-
grams appear stable (Oppedal et al. 1988; Taylor and
Locker 1990; Taylor et al. 1988). We agree that the DNA
histograms in the 7 pairs of tumour tissue retrieved both
before and after adjuvant chemotherapy are similar;
however, in 1 of these cases, an additional stem line
was found after treatment. Furthermore, for stage [-1I
tumours only pretreatment samples will normally exist,
because the survival rate is more than 80% with surgical
treatment only (Matthay et al. 1989; Nitschke et al.
1988), whereas for stages III-IV pretreatment samples
of primary tumour will be rather uncommon and post-
treatment samples will be rather frequent. Thus, bias
due to this fact is to be expected, and we cannot recom-
mend that flow cytometric data from post-treatment
samples be used for prognostic analysis until more data
are available. Therefore, only the 26 patients whose tu-
mour samples were obtained before treatment are in-
cluded in the study of prognostic factors.

The prognostic significance of the histological param-
eters in our study was in accordance with the classical
distinction between ganglioncuroblastoma and neuro-
blastoma, with the former having the better prognosis.
However, the histological grading of neuroblastomas
into undifferentiated or differentiating histology did not
yield prognostic information in our study (Carlsen
1991 b). Necrosis, lack of calcification and higher MKI
showed a trend toward a poor prognosis (Sandstedt
et al. 1983), but the association was not significant. The
survival was significantly better for patients with favour-
able histology compared to the patients with unfavour-
able histology according to Shimada et al. (1984); how-
ever, the prognostic factor age is included in the classifi-
cation (Carlsen 1991b; Oppedal et al. 1988). A signifi-
cant association with a better prognosis was obtained
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by strong positivity for NSE and/or positivity for S-100
protein (Aoyama et al. 1990; Biedler et al. 1988 ; Shima-
da et al. 1985). However, neither Shimada classification,
nor the immunohistochemical marker pattern were inde-
pendent prognostic indicators in this study in accor-
dance with other studies (Haase et al. 1989; Nitschke
et al. 1988; Oppedal et al. 1988).

The extent of the disease (stage) is the most significant
independent prognostic variable in neuroblastomas, and
the importance of stage was documented again in our
study. Age at diagnosis is the next most significant vari-
able in most studies (Breslow and McCann 1971 ; Carl-
sen et al. 1986; Coldman et al. 1980; Evans et al. 1987,
1990; Oppedal et al. 1988; Thomas et al. 1984; Wilson
and Draper 1974). However, a previous analysis was
unable to define age as an independent prognostic factor
for our patient population (Carlsen et al. 1981).

In contrast to the majority of DNA flow cytometric
studies of neuroblastomas (Bourhis et al. 1991; Brenner
et al. 1989; Gansler et al. 1986; Look et al. 1984, 1991;
Oppedal et al. 1988; Taylor and Locker 1990; Taylor
et al. 1988), this study was unable to define DNA ploidy
as a prognostic factor. Neither the number of stem lines
nor their DNA indices had prognostic significance
(Cohn et al. 1990; Slave et al. 1990; Suzuki et al. 1989).
In the studies of Look et al. (1984, 1991), the analysis
of the impact of ploidy on prognosis was based on the
DNA index of lowest ploidy stem line for patients with
multiple tumour stem lines, i.e. sometimes a diploid stem
line. In most other studies, aneuploidy was defined as
the presence of more than one G0/G1 peak. Most inves-
tigators conclude that DNA aneuploidy is more favour-
able than diploidy, at least for infants and young chil-
dren (Cohn et al. 1990; Look et al. 1984, 1991 ; Oppedal
et al. 1988). Cytogenetic analyses of screen-detected tu-
mours and other early stage tumours with favourable
prognosis (stages I, II, IV-S) have often shown near-
triploid modal chromosome numbers without structural
abnormalities (Carlsen et al. 1991; Hayashi et al. 1989;
Kaneko et al. 1987; Look et al. 1991), and some DNA
aneuploid tumours in infants and children younger than
2 years of age may have a near-triploid karyotype (Carl-
sen et al. 1991; Look et al. 1991). This suggestion has
led some authors to define a triploid DNA content as
DNA indices between 1.32 and 1.69 (Taylor and Locker
1990; Taylor etal. 1988), 1.33-1.74 (Oppedal et al.
1988), 1.25-1.68 (Bourhis etal. 1991), or 1.21-1.79
(Cohn et al. 1990) in their analysis. Nevertheless, the
favourable impact of DNA ancuploidy on prognosis is
in contradiction to the general concept of DNA aneup-
loidy as an unfavourable prognostic indicator in solid
tumours. Due to the limits in resolution and calibration
of flow cytometric histograms when derived from paraf-
fin-embedded material without known internal reference
standards, neuroblastomas classified as DNA diploid ac-
cording to flow cytometry might very well be classified
as genetically abnormal according to more sensitive
methods. Abnormalities of chromosome Ip and the cyto-
genetic signs of N-myc amplification, double minutes
or homogeneously staining regions, which are both asso-

ciated with a very poor prognosis (Brodeur and Fong
1989; Carlsen et al. 1991; Hayashi et al. 1989; Kaneko
etal. 1987; Look etal. 1991), involve insufficient
amounts of DNA to alter the flow cytometric DNA
index (Cohn et al. 1990; Look et al. 1991). Both abnor-
malities are more frequent in diploid than in hyperdip-
loid tumours (Bourhis et al. 1991; Brodeur and Fong
1989; Carlsen et al. 1991; Cohn et al. 1990; Hayashi
et al. 1989; Look et al. 1991; Taylor and Locker 1990).

The proportion of neuroblastomas that was classified
as DNA aneuploid in this study (88%) seems relatively
high in comparison with other studies. This might be
due to a more radical procedure for discriminating stem
lines by histogram deconvolution. Tissue autolysis is
known to cause false DNA aneuploid peaks (Alanen
et al. 1989), but we did not find any correlation between
necrosis and number of stem lines. Unfortunately the
methods used for analysis of the flow cytometric data,
that is to say, methods for discrimination and classifica-
tion of stem lines and estimation of their DNA indices
and S phase fractions, are not always clearly stated by
the authors, and comparison of the results of different
investigations may be difficult. Furthermore, post-treat-
ment samples are included in several of the analyses
(Bourhis et al. 1991; Oppedal et al. 1988; Taylor and
Locker 1990; Taylor et al. 1988).

We found that S phase fraction is an independent
prognostic indicator, high S phase fraction being unfa-
vourable. The prognostic importance of S phase frac-
tion, estimated by selection of the value of the highest
S phase fraction of any stem line present in the particular
tumour, has not, to our knowledge, been confirmed by
other investigators. Most studies did not estimate the
cell cycle fractions (Brenner et al. 1989; Look et al. 1991
Oppedal et al. 1988; Taylor and Locker 1990; Taylor
et al. 1988). However, Look et al. (1984) found that S
phase fraction was significantly higher for unresectable
diploid tumours than for unresectable hyperdiploid tu-
mours and speculated that the link between DNA dip-
loid cases and poor prognosis could reside in the cell
proliferative rate. Gansler et al. (1986) found that fa-
vourable outcome was associated with a DNA aneuploid
stem line and a low percentage of cells in S+G2+M
phases of the cell cycle, and that these features were
associated with early stage and favourable histological
pattern. Bourhis et al. (1991) estimated only the fraction
of cells in S phase for diploid tumours; for these tumours
high S phase fraction (> 10%), N-myc amplification and
poor prognosis were significantly correlated. Slavc et al.
(1990) found that DNA index did not correlate with
N-myc amplification or prognosis, whereas the fraction
of cells in S+G2+M phases did appear to correlate
with disease progression. Cohn et al. (1990) found that
high S phase fraction (> 10%), N-myc amplification and
unfavourable Shimada classification were significantly
associated with progressive disease. Suzuki et al. (1989)
found that the survival in multivariate analysis was cor-
related with stage, fraction of cells in S+ G2+ M phases,
tumour site and age of the patient. They found no corre-
lation between prognosis and the DNA ploidy.



Thus, most studies where cell cycle fractions are esti-
mated are in accordance with our finding of S phase
fraction being an important prognostic indicator.
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