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A B S T R A C T

In a cohort study we investigated the incidence and distribution of the age and stage of

neuroblastoma at diagnosis, and the outcome, in children aged 0–14 years during 1988–

1998 in Hungary.

The proportion of neuroblastoma in age groups of 0 year old, 1–4 year old, 5–9 year

old and 10–14 year old children was 30%, 53%, 12% and 5%, respectively. The proportion

of stage 1–2, stage 3–4 and stage 4s cases was 30%, 65% and 3%, respectively.

Hungarian data were compared with data reported for other Western European coun-

tries. The distribution of age at diagnosis of Hungarian cases was significantly different

from France and Germany (p < 0.05), but not different from that of the United Kingdom

(UK). However, the proportion of stage 1–2 neuroblastoma was higher in Hungarian chil-

dren (30%) than that reported in French, German and UK children.

The incidence and survival of neuroblastoma in Hungary is broadly comparable to

that reported elsewhere in Europe.

� 2006 Elsevier Ltd. All rights reserved.
1. Introduction

Neuroblastoma is one of the most common solid tumours

found in children and the most common tumour found in in-

fants, accounting for about 9% of all cases of paediatric cancer

and it is a major contributor to childhood cancer mortality

worldwide.1 Approximately 90% of patients with neuroblas-

toma are diagnosed within the first 5 years of life. The inci-
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dence of neuroblastoma varies between different countries

in Europe as does the distribution of stage and age at

diagnosis.2

In this study we investigated the incidence and distribu-

tion of the age and stage of neuroblastoma at diagnosis, and

the outcome, in Hungary over a period of 11 years, and com-

pared the findings with those reported for other Western

European countries.
.
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Table 1 – The incidence of neuroblastoma cases (per
million) by age, stage and sex in Hungary (n = 253)

Age Stage Male Female Total

<1 year 1–2 31.27 25.62 28.45

3–4 33.14 18.56 25.85

4s 9.02 3.48 6.25

<1 year total 73.43 47.66 60.55

1–4 years 1–2 6.43 5.39 5.92

3–4 21.96 17.21 19.59

1–4 years total 28.39 22.61 25.5

5–9 years 1–2 0.86 0.91 0.88

3–4 2.86 3.75 3.31

5–9 years total 3.72 4.66 4.19

10–14 years 1–2 0.71 0.29 0.49

3–4 1.43 0.75 1.09

10–14 years total 2.14 1.04 1.59

0–14 years 1–2 4.01 3.14 3.57

3–4 8.71 6.8 7.75

4s 0.51 0.21 0.37

0–14 years Total 13.23 10.15 11.69

E U R O P E A N J O U R N A L O F C A N C E R 4 2 ( 2 0 0 6 ) 2 3 5 0 – 2 3 5 4 2351
2. Materials and methods

2.1. Study population

Children diagnosed with neuroblastoma during 1988–1998

were considered. Registrations of first malignancies for chil-

dren, diagnosed according to the International Neuroblas-

toma Staging System (INSS), aged under 15 years in

Hungary between 1988–1998 were obtained from the Hungar-

ian Paediatric Oncology Centres, of which there are ten. The

ten contributing centres cover the whole of Hungary. All pae-

diatric cancer patients are registered and followed in the Hun-

garian Paediatric Oncology Group data centre. The registry is

updated every 3 months. Each child is followed-up until

adulthood which provides a high level of completeness of

ascertainment for a long time period.

For each case child, dates of birth and diagnosis, sex, and

disease stage were recorded. Cases over the age of 15 years

were omitted from the analysis. Because of the small number

of cases, stages I and II were combined, as were stages III and

IV. The vital status of each registered case was assessed on 31

December 2004.

The gender and year of birth and population for the study

period by age and gender was obtained from the Demo-

graphic Yearbook.3

2.2. Statistical methods

Age-specific incidence rates and their 95% confidence inter-

vals (CI) were calculated.4 To enable comparison of the Hun-

garian neuroblastoma data with that reported for elsewhere

in Europe by Powell et al.,5 the appropriate age and stage cat-

egorisation were adopted and directly standardised incidence

rates (world population) were calculated. Median and inter-

quartile range were used to compare age at diagnosis between

countries. Kruskal–Wallis tests were carried out to compare

the age and stage differences between countries. Survival

rates with 95% CI were calculated using Kaplan–Meier estima-

tion. The statistical differences in survival among sex and

stage subgroups were tested using logrank statistics for

homogeneity. Five-year survival was compared for three diag-

nosis periods (1988–1991, 1992–1994 and 1995–1998) using Cox

regression. Schoenfeld residuals were used to check model

goodness of fit.6 All analyses were performed using STATA

Software (version 8.0). A p-value less than 0.05 was taken to

be statistically significant.

3. Results

3.1. Characteristics of neuroblastoma

The total number of eligible neuroblastoma cases in Hungary

identified for the study was 253 (147 (58%) boys and 106

(42%) girls). The median age at diagnosis was 25.8 months

(IQR: 10.0–49.8 months). Seventy-five (30%) were younger

than one year of age at diagnosis, 135 (53%), 30 (12%) and

13 (5%) cases were between 1–4 years old, between 5–9 years

old and between 10–14 years old, respectively. Table 1 shows

the distribution of cases by age, sex and stage. The propor-

tion of stage 1–2, stage 3–4 and stage 4s cases were 30%,
65% and 3%, respectively. In the study group four cases

(2%) had no stage classification. To compare the Hungarian

data with data reported for some Western European coun-

tries the data were aggregated as shown in Table 2. Between

1987 and 1991, 1672 cases of neuroblastoma were diagnosed

in the four European countries – 624 from France, 69 from

Austria, 493 from Germany, and 486 from the United King-

dom (UK). There was significant variation in the median

age at diagnosis (p < 0.0001), the UK having the highest

median age and the smallest proportion of cases in children

under 1 year of age. Disease stage was known in more than

95% of cases; the proportion of cases that were stage 4 was

61.5% in the UK, compared with around 40% in the other

countries.

The distribution of age at diagnosis of Hungarian cases

was significantly different from those of France and Germany

(p < 0.05), but not different from that of the UK. Austria was

omitted from the comparisons because of the small number

of cases. The Hungarian children were older (median age

25.8 months) at diagnosis than French (21.6 months) and Ger-

man (17.3 months) children, but not UK children (24.8

months). However, the proportion of stage 1–2 neuroblastoma

was higher in Hungarian children (30%) than that reported in

French, German and UK children, 25%, 24% and 14%

respectively.

3.2. Incidence of neuroblastoma

Age-specific incidence rates are shown in Table 3. The age-

standardised incidence rate for Hungary was 12.8 per million

children per year (95% CI: 10.5–15.0), which was comparable to

that from Austria (11.7), France (12.5), Germany (11.4) but non-

significantly higher than the UK (10.1).

The age-specific incidence rates per million children per

year were lower for girls (age under 1 year: 47.7 (23.2–72.1);

age 1–4 years: 22.6 (14.1–31.1); age 5–9 years: 4.7 (2.4–6.9) and



Table 2 – Characteristics of neuroblastoma cases in Hungary and four Western European countries5

Hungary Austria* France Germany UK

Time period 1988–1998 1989–1991 1989–1991 1989–1991 1989–1991

Cases 253 69 624 493 486

Age at diagnosis

<1 year 75 (30%) 29 (42%) 240 (39%) 209 (42%) 126 (26%)

1–4 years 135 (53%) 30 (43%) 299 (48%) 231 (47%) 289 (59%)

5–9 years 30 (12%) 7 (10%) 71 (11%) 42 (9%) 62 (13%)

10–14 years 13 (5%) 3 (4%) 14 (2%) 11 (2%) 9 (2%)

Stage

1–2 77 (30%) 17 (25%) 157 (25%) 119 (24%) 70 (14%)

3–4 164 (65%) 45 (65%) 408 (66%) 310 (63%) 368 (76%)

4s 8 (3%) 7 (10%) 56 (9%) 45 (9%) 25 (5%)

Not known 4 (2%) 0 (0%) 3 (0%) 19 (4%) 23 (5%)

* Excluded from comparisons because of small number of cases.

Table 3 – Age-specific and directly age-standardised (world population) incidence rates (per million) for neuroblastoma in
Hungary (1988–1998) and in four Western European countries (1987–1991)5

Annual incidence rate (95%CI) per million children

Hungary Austria France Germany UK

Age-specific

< 1 year 60.9 (40.6–81.1) 65.8 (44.1–94.5) 63.7 (55.7–71.8) 61.6 (53.2–69.9) 33.7 (27.8–39.5)

1–4 years 25.5 (19.8–31.2) 17.0 (11.4–24.2) 19.9 (17.6–22.1) 18.0 (15.7–20.3) 19.9 (17.6–22.2)

5–9 years 4.2 (2.6–5.8) 3.1 (1.2–6.4) 3.7 (2.8–4.5) 2.7 (1.9–3.5) 3.6 (2.7–4.4)

10–14 years 1.7 (0.8–2.4) 1.3 (0.3–3.9) 0.7 (0.3–1.1) 0.7 (0.3–1.2) 0.5 (0.2–0.9)

Age-standardised

12.8 (10.6–15.0) 11.7 (9.0–14.5) 12.5 (11.5–13.5) 11.4 (10.4–12.4) 10.1 (9.2–11.0)

Table 4 – The distribution of deaths from neuroblastoma
by age, stage and gender in Hungary (n = 126)

Age Stage Total
cases

Number of deaths Percent
deaths
of all
cases

Male Female Total

<1 year 1–2 36 0 1 1 (3%)

3–4 31 4 5 9 (29%)

<1 year Total 75 5 6 11 (15%)

1–4

years

1–2 31 5 4 9 (29%)

3–4 102 48 29 77 (75%)

1–4

years

Total 135 53 33 86 (64%)

5–9

years

1–2 6 1 1 2 (33%)

3–4 22 9 7 16 (73%)

5–9

years

Total 30 10 8 18 (60%)

10–14

years

1–2 4 2 0 2 (50%)

3–4 9 6 3 9 (100%)

10–14

years

Total 13 8 3 11 (85%)

0–14

years

1–2 77 8 6 14 (18%)

3–4 164 67 44 111 (68%)

4s 8 4 5 1 (13%)

Unknown 4 0 0 0 (0%)

0–14 years Total 253 79 55 126 (50%)
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age 10–14 years: 1.1 (0.1–2.1)) than boys (age less than 1 year:

60.6 (43.3–77.8); age 1–4 years: 25.5 (20.2–30.8); age 5–9 years:

4.2 (2.7–5.7) and age 10–14 years: 1.6 (0.8–2.4)).

3.3. Survival rates

Of 126 deaths, 121 occurred within 5 years of diagnosis. Four

children aged 1–4 years and one child aged 5–9 years at diag-

nosis died following the 5 year period after diagnosis. The dis-

tribution of the 126 deaths by age, stage and gender are

shown in Table 4. The age-standardised mortality rate was

5.7 per million children (95% CI: 4.2–7.2).

Overall survival rate (Kaplan–Meier estimation) was 52%

(46–58%). The gender specific survival rates were 50%

(42–58%) and 55% (45–64%) for boys and girls, respectively

(p = 0.59).

The 5-year survival rates were 87% (76–92%), 39% (31–47%),

40% (23–57%) and 23% (6–47%) for those aged under 1 year,

between 1–4 years, 5–9 years and 10–14 years, respectively. Sur-

vival was significantly higher in younger children (p < 0.001).

Children aged under 1 year with stage 1–2 neuroblastoma

had the highest survival rate (94%). The 5-year survival rates

by stage of 88%, 82% and 36% were found for stage 4s, stage

1–2 and 3–4 cases, respectively. Survival was significantly

lower for stage 3–4 (p < 0.001). Children aged under 1 year with

stage 1 neuroblastoma had a high survival rate (97%).

The 5-year survival rates for the diagnosis periods of 1988–

1991, 1992–1994 and 1995–1998 were 38% (28–49%), 64%

(51–74%) and 56% (46–65%), respectively. Survival was signifi-

cantly lower during the period 1988–1991 (p < 0.001). The



Table 5 – Five-year survival rates and 95% confidence intervals (95%CI) for children 0–14 years, stratified by age, sex, stage
and time period

Age Stage 1988–1991 1992–1994 1995–1998 1988–1998

Total Total Total Male Female Total

SR 95%CI SR 95%CI SR 95%CI SR 95%CI SR 95%CI SR 95%CI

<1 year 1–2 88% (39–98%) 100% – 100% – 100% – 93% (61–99%) 97% (82–99%)

3–4 57% (17–84%) 81% (45–95%) 75% (41–91%) 80% (55–92%) 60% (25–83%) 73% (54–86%)

4s 100% – 100% – 67% (5–95%) 83% (27–97%) 100% – 87% (39–98%)

<1 year total 78% (51–91%) 92% (72–98%) 87% (69–95%) 89% (76–95%) 81% (61–92%) 87% (76–92%)

1–4 years 1–2 75% (31–93%) 50% (11–80%) 76% (49–90%) 71% (43–87%) 71% (41–88%) 71% (52–84%)

3–4 19% (9–34%) 50% (31–67%) 21% (10–35%) 22% (13–33%) 37% (23–51%) 28% (20–38%)

1–4 years total 29% (17–43%) 51% (34–66%) 39% (27–52%) 34% (24–44%) 47% (33–59%) 39% (31–47%)

5–9 years 1–2 100% – 0% – 75% (13–96%) 67% (5–95%) 67% (5–95%) 67% (19–90%)

3–4 9% (1–33%) 40% (5–75%) 50% (11–80%) 10% (1–36%) 42% (15–67%) 28% (11–46%)

5–9 years total 29% (9–52%) 33% (5–68%) 60% (25–83%) 29% (8–52%) 50% (25–71%) 40% (23–57%)

10–14 years 1–2 0% – – – 100% – 33% (1–77%) 100% – 50% (6–85%)

3–4 0% – 0% – 0% – 17% (1–52%) 0% – 11% (1–38%)

10–14 years total 0% – 0% – 40% (5–75%) 22% (3–51%) 25% (1–67%) 23% (6–47%)

0–14 years 1–2 74% (48–88%) 79% (53–92%) 87% (72–94%) 82% (67–90%) 82% (64–91%) 82% (71–89%)

3–4 21% (12–32%) 55% (40–68%) 34% (22–46%) 33% (23–42%) 40 (28–51%) 36% (28–43%)

4s 100% – 100% – 67% (5–95%) 83% (27–97%) 100% – 88% (39–98%)

0–14 years total 38% (28–49%) 64% (51–74%) 56% (46–65%) 50% (42–58%) 55% (45–64%) 52% (46–58%)
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distribution of 5-year survival rates stratified by age, stage,

gender and diagnosis period are summarised in Table 5. There

was a decreasing trend for mortality rate overall across the

three time periods (hazard ratio 0.74 (95% CI: 0.60–0.91;

p = 0.004). This model had a good fit.

4. Discussion

4.1. Summary of the results

In our study which covered a time period of 11 years, we

examined the incidence of neuroblastoma among children

aged under 15 years in Hungary.

The proportion of neuroblastoma in age groups of 0 year

old, 1–4 year old, 5–9 year old and 10–14 year old children were

30%, 53%, 12% and 5%, respectively. The proportion of stage

1–2, stage 3–4 and stage 4s cases were 30%, 65% and 3%,

respectively.

The age-standardised incidence rate of neuroblastoma

was 12.8 per million per year for children aged 0–14 years

and the age standardised mortality rate was 5.7 per million

children. A significant increase in 5-year survival rates over

the time periods was found. The highest 5-year survival rate

was for children aged under 1 year and diagnosed with 4s

neuroblastoma. In contrast, for older age groups, the 5- year

survival rates were under 50%.

4.2. Strengths and weaknesses

The Hungarian Paediatric Oncology Group (HPOG) standar-

dised the diagnosis and staging procedure with collaboration

of all ten regional centres.7,8 All paediatric cancer patients are

registered and followed in the HPOG data centre which pro-

vides a high level of completeness of ascertainment for a long

time period.
4.3. Comparison with other studies

The age-standardised incidence rate of neuroblastoma in

children aged 0–14 years in Hungary was similar to that re-

ported for Germany, Austria, France but non-significantly

higher than that in the UK.5 However, the proportion of chil-

dren presenting under 1 year was significantly lower than

that reported for France and Germany, but similar to the

UK. This could reflect a delayed diagnosis in Hungary which

was suggested as an explanation for the pattern of presenta-

tion in the UK.5 However, the proportion of stages 1–2 at diag-

nosis is higher rather than lower than reported for these

countries, which does not support the hypothesis of diagnos-

tic delay in this population. Nevertheless, the proportion of

stages 3–4 at diagnosis was comparable to that in Austria,

France and Germany. The age-standardised mortality rate of

neuroblastoma in children aged 0–14 years in Hungary was

similar to that in the UK (5.5 95% CI: 4.8–6.1)9 but higher than

that reported in Germany (4.2 95% CI: 3.6–4.8).5

Hence the pattern of neuroblastoma cases at presentation

in Hungary has characteristics of France, Germany and the UK.

The 5-year survival rate of 38% for the period of 1988–1991

was lower than the 53% reported for this period for Western

Europe.10 However, the 5-year survival rate of 64% for period

1992–1994 was similar to that reported for Western Europe

for this time period (61.3%),10,11 demonstrating a significant

improvement in outcome for children with neuroblastoma

in Hungary such that it is now comparable to that elsewhere

in Western Europe.

Stage 4s neuroblastoma has been reported to represent

around 5% of cases and occurs by definition in infants aged

under 1 year.12 Stage 4s is associated with a high rate of

spontaneous maturation and involution of disease with sur-

vival rates of 70–90%.13 In our study, stage 4s neuroblastoma

estimated 3% of all cases and the 5-year survival rate was
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87.5%. Thus our study confirms the favourable biologic fea-

tures and excellent survival of infants with stage 4s

neuroblastoma.

We did not find gender specific difference in survival, but

the incidence of neuroblastoma was higher in boys than girls,

similar to findings reported elsewhere.14

5. Conclusion

There is no evidence for delayed diagnosis for neuroblastoma

in Hungary since the proportion of stage 1–2 and stage 3–4 at

diagnosis is similar to that reported from elsewhere in Eur-

ope. However, the median age at diagnosis is older than those

reported for some Western European countries. The incidence

and survival of neuroblastoma in Hungary is broadly compa-

rable to that elsewhere in Europe.
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