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Between March 1990 and December 1994, 316 consecutive children with localised neuroblastoma were

registered in the French NBL 90 study. In addition to the assessment of a new chemotherapy regimen

in unresectable neuroblastoma, we evaluated the prognostic signi®cance of MYCN ampli®cation and

loss of the short arm of chromosome 1 (LOH1p). MYCN was found in 22/225 children (10%) and

associated with unfavourable clinical features such as age at diagnosis > 1 year and large and unre-

sectable tumours. LOH1p was observed in 9/91 patients (10%), of whom some had favourable prog-

nostic factors such as age at diagnosis < 1 year (n = 4), INSS stage 1 or 2 (n = 3) and no MYCN

ampli®cation (n = 4). Overall survival (OS) and event-free survival (EFS) were, respectively, 56% and

22% (median follow-up: 36 months) for children with LOH1p compared with 97% and 94% for those

without (log-rank = 10ÿ8). All except 1 of the 5 children with MYCN ampli®cation and LOH1p relapsed

and ultimately died of the disease. Among the 4 with LOH1p and no MYCN ampli®cation, recurrence

occurred in 3 (2 local, 1 metastatic), all alive in second remission after salvage therapy (12±19 months

after the relapse). In multivariate analysis, LOH1p was the strongest prognostic indicator for subse-

quent relapse. LOH1p appears more discriminant than MYCN ampli®cation for predicting the risk of

recurrence in children with localised neuroblastoma. However, its analysis was possible in only 30% of

our patients and its ®nal impact on survival should be con®rmed in larger, prospective studies in

order to stratify subsequent treatment. # 1997 Elsevier Science Ltd.
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INTRODUCTION

Neuroblastoma is one of the most common solid tumours

that aVects children in the ®rst years of life [1]. Approxi-

mately 50% of patients present with localised tumours which

have a good prognosis [2, 3]. Radical surgical excision is

generally considered the main condition for cure [4, 5]. Initial

surgery can be performed in approximately half of these chil-

dren and reported survival rates are usually high [6]. How-

ever, a small proportion of patients relapse and may not be

cured by salvage therapy [7]. These children are not yet reli-

ably identi®ed by speci®c clinical and biological features.

Factors such as histology, biological markers, sometimes

combined with age and stage, may be clinically relevant but
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inconsistently predict subsequent outcome [8±12]. Recently

described genetic factors such as tumour cell DNA, MYCN

and chromosome 1p have not been extensively analysed in

localised neuroblastomas and their prognostic signi®cance

remains unclear [13±17]. Although some cytogenetic studies

have identi®ed the loss of heterozygosity of the short arm of

chromosome 1 (LOH1p) as the most consistent chromoso-

mal aberration in neuroblastoma cells [15, 18], its clinical

signi®cance remains controversial [19±21].

In 1990, we initiated a national prospective trial (NBL 90)

including all children with localised neuroblastomas diag-

nosed in the institutions of the French Society of Pediatric

Oncology (SFOP) to evaluate the accuracy of a new thera-

peutic regimen in unresectable neuroblastomas and to assess

the prognostic signi®cance of MYCN ampli®cation and

LOH1p in such a population. We report herein the results of

the SFOP±NBL 90 study.

PATIENTS AND METHODS

Patient population

The NBL 90 study included all new consecutive and

untreated children aged < 1 to 16 years presenting with a

localised neuroblastoma. Thirty-one institutions of the SFOP

participated in the trial between March 1990 and December

1994. The primary tumour was studied with usual imaging

techniques (CT scan, MRI) and MIBG scintigraphy. The

clinical investigations to ascertain metastatic spread included

skeletal study by MIBG (or a 99mTc scan in the absence of

MIBG uptake), bone X-ray in infants and extensive bone

marrow staging (at least four bone marrow aspirations and

two trephine biopsies). Urinary VMA, HVA and dopamine

excretion levels according to creatinine concentration and

serum NSE, ferritin and LDH levels were measured. The

diagnosis of neuroblastoma was made on the basis of con-

clusive clinical, laboratory and imaging ®ndings and was

always con®rmed histologically [22]. The primary tumour

was staged according to TNM [23] and INSS criteria [24].

Therapeutic protocol

Surgery. Primary surgery was indicated if excision was

deemed radical and safe without any risk of tumour rupture

or removal of major organs. Tumours de®ned as unresectable

were lesions that crossed and in®ltrated the midline structures,

usually encasing large vessels and dumb-bell neuroblastomas.

Chemotherapy. Chemotherapy consisted of two courses of

carboplatin (160 mg/m2/d D1±D5) and etoposide (100 mg/m2/d

D1±D5)-CE, followed by two courses of vincristine (1.5 mg/

m2 D1,D5), cyclophosphamide (300 mg/m2/d D1±D5) and

doxorubicin (60 mg/m2 D5)-CAdO. From April 1991, the

dose intensity of CE was decreased because of haematological

toxicity (total doses of carboplatin and etoposide were,

respectively, 600 and 450 mg/m2 per course over 3 days).

Patients with unresectable neuroblastoma received two cour-

ses of each combination and radical surgical excision was

then attempted. After surgery, chemotherapy was indicated

in children over 1 year at diagnosis in case of residual disease

and/or lymph node (LN) involvement, or in infants with

MYCN ampli®cation and included 2±4 alternating courses of

each combination depending on primary treatment. On the

whole, children received a maximum of three courses of each

combination.

Radiotherapy. Irradiation of the tumour bed (25±35 Gy)

was scheduled in case of a persistent macroscopic residue at

the end of the treatment, but only in children over 1 year at

diagnosis. After November 1992, loco-regional irradiation

was recommended for children whose tumour showed

MYCN ampli®cation because of a high incidence of local

relapses, regardless of age or the quality of surgical excision.

Analysis of genetic alterations

All samples were obtained at diagnosis and the percentage

of tumour cells was determined. Results were considered

reliable for MYCN and chromosome 1p only if tumour

material showed, respectively, more than 10 and 50% of

neuroblasts. High molecular weight DNA was isolated from

the tumour and blood samples from the same patient using

standard procedures. MYCN genomic content was deter-

mined by the Southern or Slot blot procedure using MYCN

second exon probes (pNB1). MYCN ampli®cation was

de®ned when 10 copies or more per haploid genome were

found. Deletion of chromosome 1p was determined by ana-

lysis of loss of heterozygosity (LOH) at loci on 1p and/or by

FISH analysis. In brief, analysis of polymorphic loci was per-

formed in most cases by PCR ampli®cation or Southern blot

analysis of D1S80 and D1S76 as previously described [25].

Some cases were also analysed at D1S214, D1S199, D1S201,

D1S190, D1S200 and D1S220 as already published [26].

FISH analysis was performed with the centromere probe

D1Z1 and with the telomere probes D1Z2 or D1S32. A total

of 71 tumours were analysed by PCR, 17 by the Southern

blot procedures, 12 were studied both by Southern blot and

FISH and ®nally 5 tumours were explored only by FISH.

Statistical analysis

Comparisons between children who had LOH1p and those

without were performed for each variable with the w2 test

corrected for heterogeneity or the Fisher's exact test. The

probabilities of survival were calculated from the time of

diagnosis to relapse, or death, or last follow-up according to

the Kaplan±Meier method. In the event-free survival (EFS)

analysis, disease progression or relapse, and death, whatever

the reasons, were considered as events. Multivariate assess-

ment of EFS was performed by Cox's proportional hazards

model and curves were compared using the log-rank test.

RESULTS

Patient characteristics

From March 1990 to December 1994, 316 consecutive

children with localised neuroblastoma were registered in the

study and were evaluable. The median age was 12 months

and 48 were newborn. Most primary tumours were located in

the abdomen (63%). Elevated urinary catecholamine excre-

tion and high serum levels of NSE, ferritin and LDH were

found in, respectively, 79%, 81%, 12% and 60% of the

patients. Positive MIBG uptake was observed in 85% of the

children. According to INSS criteria, there were 107 stage 1,

11 stage 2A, 42 stage 2B and 155 stage 3 patients. Among

these stage 3 patients, 130 received primary chemotherapy

(of whom 34 children had dumbbell tumours).

Genetic alterations and correlations with patient characteristics

MYCN oncogene content was assayed in 225 tumours and

found to be ampli®ed (� 10 copies) in 22 (10%). The analy-

sis could not be performed in 91 cases either because biopsy

was not available (n = 61) or because the tumour cell content

was poor (n = 30). Ampli®cation of MYCN correlated with
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unfavourable clinical features such as age at diagnosis > 1 year,

abdominal primary, large and unresectable tumour, a VMA/

HVA ratio < 1 and high levels of serum NSE, ferritin and

LDH (data not shown). 1p status was not available in 225

cases either for the same reasons as for MYCN or because

constitutional DNA has not yet been analysed or because of

discrepancy in the results according to the technique used. A

total of 9 out of 91 cases demonstrated deletion of 1p (10%).

Table 1 shows the clinical characteristics of these children as

compared with those without LOH1p. Although LOH1p was

associated with usual adverse prognostic factors, it must be

stressed that LOH1p was observed in favourable subgroups

of patients such as infants (n = 4), INSS stage 1 or 2 (n = 3)

and no MYCN ampli®cation (n = 4).

Prognostic value of LOH1p

The projected overall survival (OS � SE) and EFS rates at

5 years for the whole cohort of children with localised neuro-

blastoma were, respectively, 91 � 3% and 83 � 3% with a

median follow-up of 36 months (range 12±72). An event

occurred in 50 patients: 6 died of treatment related toxicity

either after surgery (n = 5) or chemotherapy (n = 1). Two

additional patients died of unexplained causes 18 and 26

months after diagnosis. Forty-two experienced progressive

disease (n = 7) or subsequent relapse (n = 35) either local

(n = 26), metastatic (n = 5) or combined (n = 4) at a median

time of 7 months postdiagnosis (range 2±27). For children

with LOH1p, OS and EFS were, respectively, 56% and

22 � 26%, as compared with 97% and 94 � 5% for those

without (P = 10ÿ8) (Figure 1). In the univariate analysis,

variables such as the size of the primary, histological LN

involvement, levels of NSE and LDH had signi®cant prog-

nostic value, as well as MYCN ampli®cation and LOH1p,

which were associated with an adverse outcome (Table 2).

However, the calculation of hazard ratios showed that

LOH1p and MYCN ampli®cation were the strongest factors

to predict subsequent outcome. Multivariate analysis was

further performed with the ®ve variables found to be signi®-

cant in the univariate analysis in 73 patients to assess parti-

cularly the respective prognostic value of LOH1p and MYCN

ampli®cation. The simultaneous evaluation of these two

genetic factors and the three other clinical characteristics with

the Cox model showed that LOH1p remained the unique

and the most powerful indicator of subsequent relapse. When

combined with LOH1p, MYCN ampli®cation was less rele-

vant to predict outcome. Indeed, LOH1p was observed in 4

patients without MYCN ampli®cation, of whom 3 experi-

enced subsequent relapse either local (n = 2) or metastatic

(n = 1) (Figure 2). Moreover, some of these children presen-

ted with favourable features at diagnosis such as age < 1 year

(n = 3), primary radical excision and INSS stage 1 or 2

(n = 2). All are alive in second remission, but postrelapse

follow-up is still short (12±19 months). All patients but

one with both LOH1p and MYCN ampli®cation suVered

from recurrence and ultimately died of the disease. The

reason why MYCN ampli®cation was observed in 1 patient

without LOH1p remains unclear and is still under investi-

gation.

Table 1. Patient characteristics (n = 91)

LOH1p (n = 9) No LOH1p (n = 82)

No (%) No (%) P value

Sex male 2 (22) 45 (55) NS

Age < 12 months 4 (44) 46 (56) NS

Abdominal primary 6 (67) 51 (62) NS

Size of primary

�10 cm (T1, T2) 3 (33) 73 (89) 0.0003

> 10 cm (T3) 6 (67) 9 (11)

INSS stage

1 1 (11) 30 (37) 0.02

2A 1 (11) 3 (4)

2B 1 (11) 18 (22)

3 6 (67) 30 (37)

Initial histology

Neuroblastoma 8/8 (100) 51/73 (70) NS

Positive MIBG uptake 8 (89) 69/76 (91) NS

Urinary catecholamine excretion

Abnormal 8 (89) 60/73 (82) NS

VMA/HVA < 1 7 (87) 36/73 (49) 0.03

Dopamine

< 2000 6/8 (75) 39/59 (66)

> 2000±< 3000 0/8 6/59 (10)

> 3000 2/8 (25) 14/59 (24) NS

Elevated NSE 6/6 (100) 43/56 (77) NS

Elevated Ferritin 0/6 (0) 8/60 (13) NS

Elevated LDH 3/3 (100) 26/32 (81) NS

MYCN ampli®cation 5 (56) 1/73 (1) 0.0000001

Initial resectability 3 (33) 59 (72) 0.02

Postsurgical macroscopic residual disease 2/7 (29) 18/81 (22) NS

Histological invasion of lymph nodes 6/7 (86) 36/75 (48) NS

Response to primary chemotherapy 4/5 (80) 15/24 (62) NS

CR at the end of therapy 5 (56) 74/81 (91) NS
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DISCUSSION

To our knowledge, this is the ®rst prospective study focus-

ing on children with localised neuroblastoma and to assess

the clinical relevance of genetic alterations in such a pop-

ulation. Biased selection was avoided by registering all con-

secutive cases of localised neuroblastoma observed in all

referring institutions of the SocieÂteÂ FrancËaise d'Oncologie

PeÂdiatrique. All patients were studied according to INSS

recommendations, with particular recourse to MIBG scin-

tigraphy and extensive bone marrow staging. OS and EFS of

the whole cohort are good and these results should be

emphasised as this series includes unresectable neuroblasto-

mas which are usually reported with metastatic neuroblasto-

mas. Apart from the clinical prognostic factors, genetic

alterations have been rarely assessed in localised neuroblas-

tomas. MYCN ampli®cation is considered as one of the

Figure 1. Overall survival (OS) and event-free survival (EFS) according to 1p status (n = 91).

Table 2. Prognostic factors

No. event/No. patient Univariate analysis

(EFS) P value (log-rank) Hazard ratio (95% CI)

Sex

Male versus female 26/167 (84) versus 24/149 (84) NS

Age

0±12 months versus > 12 months 20/152 (87) versus 30/164 (82) NS

Site of primary tumour

Abdominal versus non-abdominal 34/191 (82) versus 16/125 (86) NS

Size of primary tumour

�10 cm versus > 10 cm 27/259 (89) versus 23/55 (59) 10ÿ7 4.2 (2.4±7.3)

INSS stage

1-2A-2B versus 3 17/160 (89) versus 5/25 (80) NS

MIBG uptake

Positive versus negative 38/245 (85) versus 5/40 (78) NS

Initial histology

Neuroblastoma versus ganglioneuroblastoma 31/175 (82) versus 7/84 (91) NS

Urinary catecholamines

VMA/HVA�1 versus VMA/HVA < 1 17/112 (86) versus 32/178 (82) NS

Dopamine < 2000 versus > 2000 20/163 (88) versus 23/95 (74) 6�10ÿ3

NSE normal versus > 2N 2/41 (93) versus 28/114 (76) 2�10ÿ3

Ferritin normal versus > 2N 23/165 (86) versus 4/15 (78) NS

LDH < 2N versus > 2N 5/82 (92) versus 10/22 (62) 6�10ÿ5

MYCN ampli®cation

< 10 copies versus �10 copies 20/203 (89) versus 14/22 (31) 8�10ÿ8 8.9 (4.5±17.7)

LOH1p* no versus yes 5/82 (94) versus 7/9 (22) 10ÿ8 21.3 (6.7±68.2)

Initial treatment

Surgery versus chemotherapy 22/186 (88) versus 28/130 (77) 4�10ÿ2

Results of surgery

CR versus VGPR + PR 27/245 (88) versus 19/66 (77) 3�10ÿ4 2.7 (1.5±5.1)

Histological lymph node invasion

No versus yes 14/178 (92) versus 29/121 (76) 9�10ÿ5 3.5 (1.8±6.8)

*Multivariate analysis

LOH1p < 10ÿ4 20 (4.4±88.9)
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most powerful indicators of unfavourable outcome [14], and

we recently con®rmed its negative in¯uence in localised neuro-

blastomas [27]. However, some patients without MYCN

ampli®cation may still experience relapses, even metastatic.

In our series, LOH1p was observed in 10% of the evaluable

patients with localised neuroblastoma, which is consistent

with other series, although the number of cases with localised

disease is low or even not reported [19±21]. By far the most

relevant ®nding in this study was the extremely powerful sig-

ni®cance of LOH1p. Indeed, the main clinical value of

LOH1p as a prognostic factor lies in its ability to predict an

adverse event in patients with so-called favourable features

such as age < 1 year, small and resectable tumours. Further-

more, analysis of chromosome 1 yielded additional prognostic

information in patients with no MYCN ampli®cation.

Patients with LOH1p were at a higher risk of relapse,

including metastatic recurrences, than those who did not

have LOH1P (EFS = 22% versus 94%). This diVerence

remained signi®cant in the subset of patients (n = 76) with no

MYCN ampli®cation (EFS = 25% versus 94%). Conversely,

children with neither LOH1p nor MYCN ampli®cation had

an excellent outcome since their 3-year OS was 99%. The

prognostic signi®cance of LOH1p is controversial. Two stud-

ies reported that 1p deletion was not a reliable marker for

prognosis, but more than half of their cases presented with

metastatic disease at diagnosis [19, 20]. Furthermore, some

authors suggest that there may be two close tumour suppres-

sor genes located on chromosome 1p with biologically dis-

tinct subtypes of neuroblastoma [28] and these diVerent

genes may be alternatively identi®ed depending on the

technique used. In contrast, some authors reported the

negative in¯uence of LOH1p on outcome in patients with

low-stage disease, including localised neuroblastomas

[21, 29] sometimes as the second prognostic indicator after

MYCN ampli®cation [30].

Our data con®rm the excellent outcome of localised neuro-

blastomas. We report the ®rst study assessing the prognostic

signi®cance of LOH1p in localised neuroblastomas. LOH1p

appears more discriminant than MYCN ampli®cation in pre-

dicting the risk of recurrence in children with localised neu-

roblastoma, including patients with so-called favourable

clinical features. However, these results concern only 30% of

the tumours of our cohort and their ®nal impact on survival

should be con®rmed in larger studies in order to stratify sub-

sequent treatment.
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