
European
www.ejconline.com

European Journal of Cancer 40 (2004) 2760–2765

Journal of

Cancer
Low occurrence of familial neuroblastomas and ganglioneuromas
in five consecutive GPOH neuroblastoma treatment studies

Alexander Claviez a,*, Max Lakomek b, Jörg Ritter c, Meinolf Suttorp d,
Bernhard Kremens e, Roswitha Dickerhoff f, Dieter Harms g,

Frank Berthold h, Barbara Hero h

a Department of Paediatrics, University of Kiel, Schwanenweg 20, 24105 Kiel, Germany
b Department of Paediatrics, University of Göttingen, Robert-Koch-Str. 40, 37075 Göttingen, Germany

c Department of Paediatrics, University of Münster, Albert-Schweitzer-Str. 33, 48149 Münster, Germany
d Department of Paediatrics, University of Dresden, Fetscherstr. 74, 01307 Dresden, Germany

e Department of Paediatrics, University of Essen, Hufelandstr. 55, 45122 Essen, Germany
f Asklepios Children�s Hospital, St. Augustin, Arnold-Janssen-Str. 29, 53757 Sankt Augustin, Germany

g Kiel Pediatric Tumour Registry, University of Kiel, Michaelisstr. 11, 24105 Kiel, Germany
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Abstract

Familial neuroblastoma is of special interest in view of the oncogenesis of this tumour with its early manifestation in childhood.

The inheritance seems to follow an autosomal-dominant Mendelian trait with incomplete penetrance. Familial neuroblastomas and

ganglioneuromas have not been reported in detail within large treatment studies. A retrospective clinicopathological survey of

patients reported to the German neuroblastoma treatment studies over 24 years was performed. Among 2863 patients (2752 neu-

roblastomas, 111 ganglioneuromas) included in five consecutive trials, only 22 hereditary cases in ten families were observed. Neu-

roblastomas were found in 18 patients and ganglioneuromas in four, accounting for less than one percent of all cases. Six patients

with neuroblastomas had localised disease, seven had stage 4, three had stage 4S, and stage was unknown in two patients. In four

families, two generations were affected, with ganglioneuromas occurring in the parental generation in two families. Two families had

three affected patients. Contrary to previous reports, age distribution and number of primary tumours in patients with familial

tumours were not significantly different from patients with sporadic tumours. The outcome of both groups was comparable. These

data confirm the low prevalence of familial neuroblastoma and may help in counselling the affected families.

� 2004 Elsevier Ltd. All rights reserved.
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1. Introduction

Neuroblastoma, the most common extracranial solid

tumour in children, is characterised by sporadic occur-

rence in the vast majority of cases and a wide clinical
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heterogeneity including spontaneous regression and

complex molecular findings [1,2]. Diagnosis is made
within the first five years of life in over 90% of cases,

but these tumours have also been repeatedly described

in adult patients. Neuroblastomas represent nearly 9%

of childhood malignancies in Germany, with an inci-

dence of 1.3 per 100000 corresponding to 140 newly

diagnosed patients per year [3]. Since 1979, these

tumours are treated in risk-adapted prospective

mailto:a.claviez@pediatrics.uni-kiel.de 


A. Claviez et al. / European Journal of Cancer 40 (2004) 2760–2765 2761
multicentre trials of the German Society of Paediatric

Oncology and Haematology (GPOH).

Prognosis is largely dependent on clinical factors,

such as stage and age, as well as histopathological and

molecular findings, such as proliferation rate and grad-

ing, MYCN status, aberrations of chromosomes 1, 11,
14, 17, neurotrophin receptor (trk) status, ploidy and

telomerase activity [1,4]. Treatment options vary accord-

ing to the estimated risk from a �watch-and-wait� strat-
egy to aggressive high-dose chemotherapy regimens

including autologous haematopoietic stem cell trans-

plantation [5].

Familial transmission in neuroblastomas has been

rarely described with only 23 families and 55 affected
members reported up to 1986 [6]. In this series described

in 1986, Kushner and co-workers reported two of their

own patients together with the results of a detailed liter-

ature research. Since that time, more than sixty further

patients have been reported in small series or as case

reports and much has been learned about the clinical

course of disease and its genetics [7,8]. The first docu-

mented report about two siblings with neuroblastoma
was published in 1945. However, in two prior publica-

tions, neuroblastoma seemed the likely diagnosis, but

histological analysis was not performed in these cases

(reviewed in Kushner and colleagues). Familial cases

of neuroblastoma have been characterised by occurrence

at a young age and multiple primary tumours [6,9,10].

Inheritance is suspected to follow an autosomal-domi-

nant Mendelian trait with incomplete penetrance. In
hereditary, as well as in sporadic, neuroblastomas, an

association with Hirschsprung�s disease, neurofibroma-

tosis type 1, total colonic aganglionosis and central

hypoventilation (Ondine�s curse) has been reported

[11]. Based on their findings in retinoblastomas, Knud-

son and Strong hypothesised in 1972 that hereditary

cases may account for 20–25% of all neuroblastomas

and pheochromocytomas [9]. However, the prevalence
in several published series, was much lower ranging

from 0.8 to <6% [6,12,13].

The purpose of this study was to establish the preva-

lence of familial neuroblastoma in five consecutive Ger-

man neuroblastoma treatment studies, to characterize

the clinical course of the index patients and their affected

family members and to compare these findings with

reported cases from the literature.
2. Patients and methods

We performed a retrospective analysis of all patients

with neuroblastomas diagnosed since the initiation of

the first German multicentre treatment study, NB-79.

All patients with familial neuroblastomas and ganglio-
neuromas reported to the study centre until the end of

2002 were included. More than 90% of patients with
neuroblastoma during the study period and 99% of pa-

tients within the last decade had been treated within the

GPOH neuroblastoma trials [3]. Although data from

patients with ganglioneuromas has been reported to

the trial office since 1979, a systematic registration was

not started until 1995. Therefore, an incomplete record-
ing of patients with ganglioneuromas has to be assumed.

The report forms specifically asked for familial occur-

rence from the very beginning of the NB trials. Informa-

tion about the affected patients was obtained from these

reports, from the medical records sent to the study cen-

tre and was supplemented by additional information

from the local hospitals. Prior reports concerning family

members of registered study patients with neurobla-
stoma or ganglioneuromas were also included in this ser-

ies, as far as this information was available. In two

families, only scarce data on affected family members

could be obtained.

Data from sporadic and familial cases were analysed

and compared for clinical features and outcome. All

participating centres were asked to send diagnostic

material for a central pathology review in the Paediatric
Tumour Registry located in Kiel. Thus, reference histol-

ogy was available for approximately 85% of all patients

with neuroblastoma or ganglioneuromas. In the most

recent study (NB-97), this figure exceeded 95%. If avail-

able, molecular findings, e.g., MYCN status, were in-

cluded in the analysis. In addition, a review of the

literature was performed by a Pubmed� search using

the keywords; ‘‘familial’’ or ‘‘hereditary neuroblastoma’’
or ‘‘neuroblastic tumours’’.

Statistical analyses were performed using the v2 test

for categorical variables and the Mann–Whitney test

for continuous variables, respectively, as appropriate.

Survival analyses were performed according to the

method by Kaplan and Meier with the log-rank test

for a comparison of the differences. All analyses were

calculated on a PC using the Statistical Package for
the Social Science (SPSS) software (SPSS Inc., version

11.5.1, Chicago, IL, USA).
3. Results

A total of 2863 patients (1531 male, 1332 female) with

neuroblastic tumours diagnosed until the end of 2002,
were included in this analysis. There were 2752 neurobl-

astomas (96%) and 111 ganglioneuromas (4%). In the co-

hort, we identified 22 patients with familial tumours (18

neuroblastomas, 4 ganglioneuromas) in 10 families. This

accounts for less than 0.1% hereditary cases for neurobl-

astomas and 4% for the registered ganglioneuromas,

respectively. Six affected family members with neurobla-

stoma have been treated outside of the trials. Altogether,
there were 10 affected male and 12 female patients.

Localisation of the hereditary tumours was as follows:
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Fig. 1. Stage distribution in 2734 patients with sporadic (white

columns) and 16 patients with familial (grey columns) neuroblastomas

with available data. Ganglioneuromas were excluded.
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13 patients had retroperitoneal or adrenal tumours, tho-

racic sites were affected in three cases. No cases of multi-

focal tumours were observed. Localisation could not be

clearly defined in two affected family members. In two

families, three persons were affected and in eight families

two persons had familial neural crest tumours. Family
#10 is of particular interest, because two affected rela-

tives from the father�s as well as from the mother�s side
were identified. Two affected generations were present

in four families, while in the remaining six families, only

one generation was affected. Consanguinity was not

reported in the families described here. More detailed

information can be obtained from the patients� charac-
teristics, as summarised in Table 1.

None of the patients presented here had neurofibroma-

tosis, Hirschsprung�s disease or Ondine�s curse. However,

two patients, had pre-existing Beckwith-Wiedemann

syndrome and Sotos� syndrome, respectively. Multiple

primary tumours, described as a characteristic feature in

familial neuroblastomas by some groups, were not found

in our series of patients with hereditary tumours, but in

1.4% of those with sporadic neuroblastoma [6,14,15].
Information on stage was available for 16 patients

with familial neuroblastoma. Six patients (38%) had

localised disease and ten patients (63%) had dissemi-

nated disease (stage 4: seven patients, stage 4S: three

patients). The stage distribution between sporadic and

familial neuroblastomas is depicted in Fig. 1. With

respect to age (see also Fig. 2), there were no obvious dif-

ferences between sporadic and familial neuroblastomas
with stages 1–3 and 4S. Patients with familial neuro-
Table 1

Clinical data for 22 patients with familial neuroblastomas and ganglioneuro

UPN Relation Diagnosis Gender Stage Age

1-1 Index NB M 4 6

1-2 Mother GN F – 120

2-1 Index NB F 3 16

2-2 Brother NB M NA NA

3-1 Index NB M 4S 3

3-2 Half-brother NB M 4 53

4-1 Index NB M 4 12

4-2 Sister NB F 2 14

5-1 Index NB F 3 7

5-2 Cousin GN F 2 60

6-1 Index NB M 4S 2

6-2 Sister NB F NA NA

6-3 Mother GN F – 24

7-1 Index NB F 3 24

7-2 Sister NB F 4 17

8-1 Index NB F 4 62

8-2 Niece NB F 2 7

9-1 Index NB M 1 49

9-2 Brother GN M - 197

10-1 Index NB M 4S 3

10-2 Cousin NB M 4 20

10-3 Aunt NB F 4 9

Abbreviations: F, female; GN, ganglioneuroma; M, male; NA, not applicabl
blastoma and stage 4 (n = 7) in our cohort seemed to

be younger than those with sporadic disseminated tu-

mours. However, due to small numbers, the difference

was not statistically significant (median age 17.0 vs.

33.8 months, P = 0.12).

Localised and disseminated diseases were identified
among members of the same family (e.g., family #10).

It is remarkable that in one family (#8), MYCN status

was amplified in one patient (#8-1), but not in the other

(#8-2), illustrating that different types of neuroblastoma

can be found within the same family. Altogether,

MYCN amplification was found in one of eight patients

with familial neuroblastoma with available results and
mas

at diagnosis (months) Multifocal tumour MYCN status

.1 No ND

.1 No ND

.2 No ND

NA ND

.5 No Normal

.2 No ND

.5 No ND

.3 No ND

.3 No Normal

.9 No Normal

.3 No ND

NA ND

.0 No ND

.7 No Normal

.0 No ND

.2 No Amplified (·40)

.4 No Normal

.0 No Normal

.3 No ND

.2 No ND

.3 No Normal

.1 No ND

e; NB, neuroblastoma; ND, not done; UPN, unique patient number.
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Fig. 2. Age at diagnosis in months of 2466 sporadic (white boxes) and

13 familial (grey boxes) neuroblastoma patients with data available on

age and disease stage, depicted as box plots without extremes and

outliers (Mann–Whitney test, stage 1–3: P = 0.63; stage 4: P = 0.12).

Patients with stage 4S tumours and ganglioneuromas were excluded.
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in 301 of 1797 patients (17%) with sporadic tumours.

Moreover, we did not observe a different histopatholog-

ical pattern in familial neuroblastic tumours compared

with sporadic cases.

The median follow-up for the surviving patients is 5.9

years (range: 0–23.5 years). The probability for overall
survival (OS) at 5 years for all patients with neurobla-

stoma is 66% ± 1%. The corresponding event-free sur-

vival (EFS) rate for these patients is 58% ± 1%. None

of the 111 patients with ganglioneuromas had an event

or died, including all four patients with familial ganglio-

neuroma. At the time of last contact, 10 of 18 patients

(56%) with familial neuroblastoma were alive and eight

have died. The causes of death were related to the tu-
mour in seven patients and to the treatment in one pa-

tient. Four patients were lost to follow-up. One patient

(#4-1) developed a meningeoma 16 years after radio-

therapy for central nervous system (CNS) involvement

and was treated by surgery. However, the follow-up line

for this patient, is only two years.
4. Discussion

In this report analysis data from five consecutive

neuroblastoma treatment studies including more than

2800 patients with neuroblastoma and ganglioneuroma,

a total of 22 affected patients with familial tumours from

ten families could be identified. Our figures point to a

low familial occurrence of hereditary tumours. A recent
report from France confirmed this low incidence. In the
French series of 426 patients with neuroblastoma trea-

ted in the Institute Gustave Roussy over a 50-year per-

iod, a second case of neuroblastoma was observed in

only five families (1%) [13]. Carlsen reviewed the Danish

registries and reported two siblings among 246 patients

with neuroblastomas (0.8%) between 1943 and 1980
[12]. Kushner concluded that for most patients with

neuroblastoma, the risk of neuroblastoma in the subse-

quent generations appears to be less than 6% [6]. These

numbers are far below the proposed frequency of

20–25% estimated by Knudson and Strong for neurobl-

astomas and pheochromocytomas, as derived from their

figures on retinoblastomas 30 years ago [9].

A comprehensive report on the clinical course of
familial neuroblastoma was published 17 years ago sum-

ming up 55 cases from 23 families with hereditary neu-

roblastomas [6]. By adding several case reports not

included in that series [15–20], unpublished cases (two

siblings from Austria; Christian Urban, Department of

Pediatrics and Adolescence Medicine, University of

Graz, Austria) and those reports published since the re-

port by Kushner [7,21–26] together with the 10 families
from our series, the total group expands to at least 146

patients from 62 families. Detailed information is not

available from all of the reports, especially not from

the epidemiological studies [8,27–29]. Moreover, as

some families have been used for the identification of

different molecular markers responsible for familial

neuroblastoma, the same patients may have been re-

ported in different publications [7,22,28,30,31]. Maris
and co-workers [28] stressed the clinical heterogeneity

of familial neuroblastoma even within the same family,

a finding which is supported by our study. In addition,

we did not observe histopathological differences between

sporadic and familial neuroblastomas. In agreement

with the analysis of Kushner and colleagues [6], we

found no differences in the survival data between hered-

itary and sporadic tumours. Because of the low inci-
dence of familial neuroblastomas, it is difficult to draw

firm prognostic conclusions with respect to clinical

outcome.

Multifocal tumours have been reported as a striking

feature of familial neuroblastomas in several publica-

tions [6,7,15,32]. However, this finding, did not emerge

in our series. Younger age in familial neuroblastomas

has also been highlighted in several studies [6,9]. We
were not able to confirm this observation for patients

with localised disease. By contrast, the median age of

patients with familial neuroblastomas with stage 4 was

younger than in the sporadic cases (17.0 vs. 33.8

months), but this finding was not statistically significant

(see also Fig. 2) and should be viewed with reservation

due to the small numbers involved.

In our series, we did not observe an association of
familial neuroblastoma with Hirschsprung�s disease,

Ondine�s curse or neurofibromatosis, a feature, that
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has been reported by several authors. However, two pa-

tients in the present report, had other accompanying dis-

eases. Sotos� syndrome was observed in one patient

(#10-2), a condition that has rarely been observed in

neuroblastoma patients [33]. In another patient (#8-2),

Beckwith-Wiedemann syndrome was observed and has
a well known association with neuroblastoma [34].

MYCN status could be analysed in only a subset of

patients, as it was not routinely performed in the earlier

trials. The results obtained for MYCN status in familial

tumours are also comparable to the group with sporadic

tumours (one of eight vs. 301 of 1797). Thus, a separate

subgroup according to MYCN status could not be

defined.
Although the pattern of familial neuroblastoma is

suspected to follow an autosomal-dominant trait with

variable penetrance in some families [10,35,36], most

familial cases that have been identified have occurred

in one generation. Heredity was observed mainly among

siblings, followed by half siblings or cousins. Five fami-

lies with concordant twins have been described in detail

[37–41]. Discordant twins have also been reported and
seem to outweigh the concordant cases [42]. No cases

of twins with familial neuroblastomas were observed

in our series and in the smaller French and Danish series

[12,13]. Only few families were reported to show tumour

occurrence in parents and their children [12,14,21,36,43–

45]. Except for a few cases, the affected parents had gan-

glioneuromas. Arenson published for the first time the

occurrence of a neuroblastoma in the parental genera-
tion [43]. In our series, in two of four families with more

than one generation of familial neuroblastoma, the

mothers (#1-2, #6-3) had suffered from a previous gan-

glioneuroma detected at the age of twelve and two years,

respectively.

The actual number of familial neuroblastomas might,

however, be even higher for several reasons: in the early

studies, as determined by autopsies for various reasons,
neuroblastomas have been found in up to 1:200 of foe-

tuses [46]. Moreover, a reduced penetrance of familial

neuroblastomas due to spontaneous clinical or occult

regression may be possible, thus these cases escapes

detection. Maturation of neuroblastoma into ganglio-

neuroma might also result in an underestimation of

the actual frequency. In addition, the condition may

be lethal prior to reproductive ages [11].
Researchers have looked for a specific gene locus that

is linked with familial neuroblastomas. Using different

polymorphic markers, chromosome 1p36 was excluded

as the responsible locus. MYCN amplification and loss

of heterozygosity (LOH) of chromosome 1p in heredi-

tary tumours did not differ from sporadic neuroblasto-

mas [11]. Extensive analyses have not provided any

evidence that RET (10q11) and EDNRB (13q22), two
susceptibility genes that play a role in the pathogenesis

of Hirschsprung�s disease, are involved in the pathogen-
esis of sporadic and familial neuroblastomas [28]. By

contrast, Tonini and colleagues [25] found deletion of

1p and paternal imprinting in two affected families. Re-

cent work suggests that possibly more than one tumour

suppressor gene may be involved in the multistep onco-

genic development of this tumour. In another study
from the University of Pennsylvania, genetic losses were

detected in chromosomal regions 3p24-pter, 10p12-p13,

10q25-qter, 16q12-q22 and 20q13.3-qter [30]. More re-

cently, the same group have published evidence from

linkage analyses for a hereditary neuroblastoma predis-

position locus, HNB1, on chromosome 16p12-13 [7].

The authors also found a strong correlation between

LOH on chromosome 11q and LOH on chromosome
16p12-13, a finding with still undetermined significance.

Besides 16p12-13, further loci for a predisposition to

familial neuroblastomas may exist.

In conclusion, this survey defines the risk of develop-

ing familial neuroblastoma to be less than 1%, a result

that is in line with other reports. In addition, from our

experience, the clinical behaviour of sporadic and famil-

ial tumours do not seem to be different. Multifocal pri-
mary tumours and early manifestation were not

associated with familial neuroblastoma or ganglioneuro-

mas in this study. For effective genetic counselling, a

reliable molecular marker for familial neuroblastomas

needs to be identified.
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20. Klein H, Plöchl E. Familial neuroblastoma of the suprarenal

glands in the newborn.MMWMunch Med Wochenschr 1974, 116,

1163–1168.

21. Clausen N, Andersson P, Tommerup N. Familial occurrence of

neuroblastoma, von Recklinghausen�s neurofibromatosis, Hirsch-

sprung�s agangliosis and jaw-winking syndrome. Acta Paediatr

Scand 1989, 78, 736–741.

22. Weiss MJ, Guo C, Shusterman S, et al. Localization of a

hereditary neuroblastoma predisposition gene to 16p12-p13.

Med Pediatr Oncol 2000, 35, 526–530.

23. Nakamura M, Ohi R, Hayashi Y. Familial neuroblastoma.

Nippon Rinsho 1995, 53, 2684–2687.

24. Lemire EG, Chodirker BN, Williams GJ, et al. Familial neurob-

lastoma: report of a kindred with later age at diagnosis. J Pediatr

Hematol Oncol 1998, 20, 489–493.
25. Tonini GP, Lo Cunsolo C, Cusano R, et al. Loss of heterozyg-

osity for chromosome 1p in familial neuroblastoma. Eur J Cancer

1997, 33, 1953–1956.

26. Kusumakumary P, Ankathil R, Priyakumari T, Nair K. Familial

neuroblastoma. Indian Pediatr 2000, 37, 85–88.

27. Li FP, Tucker MA, Fraumeni Jr JF. Childhood cancer in sibs. J

Pediatr 1976, 88, 419–423.

28. Maris JM, Kyemba SM, Rebbeck TR, et al. Molecular genetic

analysis of familial neuroblastoma. Eur J Cancer 1997, 33,

1923–1928.

29. Draper GJ, Sanders BM, Lennox EL, Brownbill PA. Patterns of

childhood cancer among siblings. Br J Cancer 1996, 74, 152–158.

30. Altura RA, Maris JM, Li H, Boyett JM, Brodeur GM, Look AT.

Novel regions of chromosomal loss in familial neuroblastoma by

comparative genomic hybridization. Genes Chromosomes Cancer

1997, 19, 176–184.

31. Maris JM, Kyemba SM, Rebbeck TR, et al. Familial predispo-

sition to neuroblastoma does not map to chromosome band 1p36.

Cancer Res 1996, 56, 3421–3425.

32. Roberts FF, Lee KR. Familial neuroblastoma presenting as

multiple tumors. Radiology 1975, 116, 133–136.

33. Nance MA, Neglia JP, Talwar D, Berry SA. Neuroblastoma in a

patient with Sotos� syndrome. J Med Genet 1990, 27, 130–132.

34. Emery LG, Shields M, Shah NR, Garbes A. Neuroblastoma

associated with Beckwith-Wiedemann syndrome. Cancer 1983, 52,

176–179.

35. Chatten J, Voorhess ML. Familial neuroblastoma. Report of a

kindred with multiple disorders, including neuroblastomas in four

siblings. N Engl J Med 1967, 277, 1230–1236.

36. Gerson JM, Chatten J, Eisman S. Familial neuroblastoma: a

follow-up. N Engl J Med 1974, 290, 1487.

37. Lee CM. The surgical significance of tumors in identical twins: a

short review of the literature and a report of sympathicoblastoma

occurring in monozygotic twins. Am Surg 1953, 19, 803–811.

38. Cochran W. Neuroblastoma (sympathicoblastome) in Northern

Ireland: a review over a ten year period. Ulster Med J 1963, 32,

82–98.

39. Barrett A, Toye DKM. Sympathicoblastome: radiological findings

in forty three cases. Clin Radiol 1963, 14, 33–42.

40. Miller RW. Deaths from childhood leukemia and solid tumors

among twins and other sibs in the United States, 1960-67. J Natl

Cancer Inst 1971, 46, 203–209.

41. Mancini AF, Rosito P, Faldella G, et al. Neuroblastoma in a pair

of identical twins. Med Pediatr Oncol 1982, 10, 45–51.

42. Kushner BH, Helson L. Monozygotic siblings discordant for

neuroblastoma: etiologic implications. J Pediatr 1985, 107,

405–409.

43. Arenson Jr EB, Hutter Jr JJ, Restuccia RD, Holton CP.

Neuroblastoma in father and son. JAMA 1976, 235, 727–729.

44. Bond JV. Familial neuroblastoma and ganglioneuroma. JAMA

1976, 236, 561–562.

45. Zimmermann G. Ganglioneuroblastome als erbliche System-

erkrankung des Sympathicus.Beitr Pathol Anat 1951, 111, 355–372.

46. Beckwith JB, Perrin EV. In situ neuroblastomas: contributions to

natural history of neural crest tumors. Am J Pathol 1963, 43,

1089–1104.


	Low occurrence of familial neuroblastomas and ganglioneuromas  in five consecutive GPOH neuroblastoma treatment studies
	Introduction
	Patients and methods
	Results
	Discussion
	Conflict of Interest Statement
	Acknowledgements
	References


