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The Italian Neuroblastoma Registry was investigated to describe 781 children with neuro-

blastoma experiencing tumour recurrence (424 progressions and 357 relapses). Ten-year

overall survival (OS) was 6.8% (95% confidence interval (CI) 4.3–10.0) after progression

and 14.4% (95% CI 10.5–18.9) after relapse. For both circumstances, OS was better for age

at diagnosis <18 months, less advanced International Neuroblastoma Staging System

(INSS) stage, normal lactate dehydrogenase (LDH) serum level, normal MYCN gene status

(P < 0.001) and a non-abdominal primary site (P = 0.034 for progression, and P = 0.004 for

relapses). A local type of recurrence had a significantly better outcome only in case of

relapse (P < 0.001). Probability of survival increased by era of diagnosis.

Survival of children with recurrent neuroblastoma is very poor. A small cohort of

patients, mainly represented by children with stages 1 and 2 who underwent local recur-

rence or developed late relapse may still benefit from further conventional treatment.

For the remaining larger proportion of patients, experimental therapies should be

proposed.

� 2009 Elsevier Ltd. All rights reserved.
er Ltd. All rights reserved.
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1. Introduction

Neuroblastoma, the most common extracranial solid tumour

of childhood, continues to have an unsatisfactory long-term

prognosis. In fact, while approximately half of the patients

have a localised tumour with high chance of cure, the remain-

ing half present with disseminated disease and have a dismal

outcome, except for infants.1

Cure of children diagnosed with neuroblastoma mainly

depends on achieving complete tumour remission.2 Factors

leading to tumour recurrence (progression or relapse) include

inadequate therapy, inability to detect minimal residual dis-

ease and the actual incurability of some tumours by current

therapeutic modalities. In case of recurrence, treatment is

commonly decided on the basis of the type of recurrence, pre-

viously administered therapies, as well as on cost/benefit ra-

tio. The literature provides scarce data on the features of

recurrence, its treatment and evolution and eventual out-

come. Although numerous phase I and phase II studies have

evaluated salvage therapies in small cohorts of patients,3–6

only one study analysed a large number of recurrences,

although limited to patients with localised disease.7 More

information on the features and on the clinical course of neu-

roblastoma patients failing front-line therapy would help cli-

nicians to better tailor treatment strategies.

In this retrospective study we reviewed data from the Ital-

ian Neuroblastoma Registry (INBR) regarding children who

experienced disease recurrence after being treated with the

protocols of the Associazione Italiana di Ematologia e Oncolo-

gia Pediatrica (AIEOP).
2. Materials and methods

Inclusion criteria for this study were; diagnosis of neuroblas-

toma during childhood (0–14 years) between 1979 and 2004,

registration in the INBR, treatment according to AIEOP8–11

protocols and tumour recurrence. The INBR has been active

since 1979 and includes patients with neuroblastoma diag-

nosed at the AIEOP centres. It has been estimated that more

than 90% of the neuroblastomas expected each year in Italy

are recruited through this network.12 The INBR collects infor-

mation on clinical (age, sex, site of the primary, stage) and

biological (urinary vanillylmandelic acid – VMA, lactate dehy-

drogenase – LDH, ferritin and MYCN gene status) characteris-

tics at diagnosis, and on front-line treatment protocols. Stage

at diagnosis and tumour response is defined according to the

International Neuroblastoma Staging System (INSS).13 Data

concerning patients diagnosed before 1992 (when INSS was

adopted) were retrospectively revised. Information on tumour

response and follow-up is sought through the treatment cen-

tres during protocol administration and then updated at least

yearly. In case of recurrence, further data are collected on

date of the event, type (local, disseminated or combined)

and site.

For this study, four time periods were identified based on

the following milestone dates: (i) 1979, activation of the INBR,

(ii) 1985, use of MIBG scintigraphy; (iii) 1992, adoption of the

INSS and systematic assay of MYCN gene; and (iv) 1999, cen-
tral pathology review. Finally, four age at diagnosis categories

were defined: 0–17 months, 18 months to 4 years, 5–9 years;

P10 years.

Tumour progression was defined as the appearance or the

increase by >25% of any tumour lesion(s) in patients who had

not previously achieved either complete response (CR) or very

good partial response (VGPR).13 Relapse was defined as the

appearance of any new lesion(s) or of previous lesion(s). Both

were defined as local if they only occurred at the primary site,

or disseminated if occurred outside the primary tumour site.

Timing of relapse was defined as early or late using a cutoff of

18 months after achieving CR or VGPR.

During the years covered by this study, front-line treat-

ments changed according to national or international proto-

cols. In general, stage 1 patients were treated by surgery

alone. Stage 2 patients enrolled in the first period received

post-operative chemotherapy followed in some cases by tu-

mour bed irradiation. In the subsequent two periods, chemo-

therapy was given only to patients who were older than 1 year

with either positive regional lymph nodes or intra-operative

tumour rupture. In the last period, chemotherapy was re-

stricted to patients with MYCN gene amplification.8 Stage 3

patients received a variable number of chemotherapy courses

before and after tumour resection, while radiotherapy was

used occasionally.9 Treatment of stage 4 patients consisted

of standard dose chemotherapy and resection of the primary

until 1984. Subsequently, a more intensive chemotherapy, of-

ten including a myeloablative course followed by autologous

haematopoietic stem cell rescue was given.10 Stage 4S pa-

tients were initially treated with 1–2 chemotherapy courses.

Since 1985, recommendations have been given to avoid any

therapy, except in case of life- or organ-threatening

symptoms.11

As salvage treatments varied remarkably throughout the

study period, a detailed description of their effects is outside

the scope of this analysis. In general, patients who developed

a recurrence after having previously undergone surgery as the

only therapy were treated by the protocol being used for the

stage as defined at the time of the event. Patients who had

previously received standard- or high-dose chemotherapy

were usually treated with more aggressive regimens which

sometimes included megatherapy or radiometabolic ther-

apy.14–17

Follow-up was censored at 31st December 2006. Cause of

death was defined as (i) cancer-related if death occurred while

the patient had active disease, (ii) toxicity-related if death was

due to toxic events following therapy while the patient had

stable or non-evident disease, (iii) second malignancy-related

if death was due to a secondary malignant tumour (SMN); (iv)

other causes-related if it was due to other non-cancer-related

events.

Since all patients enrolled in the AIEOP NB protocols and

registered in the INBR were enrolled in research protocols,

they or their guardians signed a consent form allowing the

use of their clinical and non-genetic data for clinical research

purposes. The procedures we followed were in accordance

with ethical standards and with the Helsinki Declaration.

According to Italian guidelines, no other specific informed

consent was required for purposes of this study.
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2.1. Statistical analysis

Descriptive statistics were reported as absolute frequencies

and percentages for qualitative data, while median and inter-

quartile range (IQR) were used due to the not normal distribu-

tion of most variables. Due to their small sample size, the

thoracic, pelvic and other sites were pooled and classified as

‘non-abdominal’ primaries. Laboratory test results were cate-

gorised as normal or abnormal on the basis of the following

threshold values: P1000 IU/l for LDH; a P2.5 standard devia-

tion (SD) of normal values by age for VMA urinary excretion.

Differences in the frequencies of each variable were evaluated

by the v2 test or by Fisher’s exact test, when appropriate.

Overall survival (OS) after recurrence was evaluated by the

Kaplan–Meier method, and differences between groups were
Table 1 – Descriptive statistics of the original INBR cohort and o

Patients’ characteristics At risk (n = 1924) All (n = 781)

n (%)a n (%)

Age

<18 months 907 (47.1) 191 (21.1)

18 months to 4 years 760 (39.5) 432 (56.8)

5–9 years 214 (11.1) 132 (61.7)

P10 years 43 (2.2) 26 (60.5)

Gender

Male 1065 (55.4) 453 (42.5)

Female 859 (44.6) 328 (38.2)

Period of diagnosis

1979–1984 342 (17.8) 207 (60.5)

1985–1991 455 (23.7) 192 (42.2)

1992–1998 556 (28.9) 220 (39.6)

1999–2004 571 (29.7) 162 (28.4)

Primary site

Abdomen 1,517 (78.9) 683 (45.0)

Non-abdominal 407* (21.1) 98 (24.1)

INSS stage

1 330 (17.2) 23 (7.0)

2 274 (14.2) 46 (16.8)

3 362 (18.8) 105 (29.0)

4 778 (40.4) 551 (70.8)

4s 180 (9.4) 56 (31.1)

VMA

Normal 519 (31.2) 176 (33.9)

Abnormal 1145 (68.8) 523 (45.7)

Missing 260 (13.5) 82 (31.5)

LDH

<1000 IU/l 1011 (64.0) 273 (27.0)

P1000 IU/l 569 (36.0) 362 (63.6)

Missing 344 (17.9) 146 (42.4)

MYCN status

Not amplified 824 (86.3) 213 (25.9)

Amplified 131 (13.7) 91 (69.5)

Missing 969 (50.4) 477 (49.2)

INBR = Italian Neuroblastoma Registry; INSS = International Neuroblastom

a Percentages calculated within column.

* Non-abdominal: thorax = 313; pelvis = 64; other = 30.

** P value calculated after excluding resectable stage.

*** P value calculated on valid data only.
assessed by the log-rank test. The combined effect of the var-

ious prognostic factors was also assessed by the Cox regres-

sion model. However, the results of this analysis should be

considered cautiously because of the small sample size of

subjects for whom all valid data were available, and the viola-

tion of the proportional hazard assumption.18

All statistical tests were two-sided and a P value < 0.05 was

considered significant. All analyses were performed using the

statistical package ‘Stata’ (release 9.2, Stata Corporation, Col-

lege Station, TX, USA).

3. Results

Of 1924 children registered in the INBR between 1979 and

2004, a total of 781 (40.6%) developed tumour recurrence.
f the 781 study patients with tumour progression or relapse

Progressions (n = 424) Relapses (n = 357) P

n % n %

0.349

111 26.2 80 22.4

222 52.4 210 58.8

76 16.9 56 15.7

15 3.5 11 3.1

0.148

236 55.7 217 60.8

188 44.3 140 39.2

< 0.001

140 33.0 67 18.8

99 23.4 93 26.1

104 24.5 116 32.5

81 19.1 81 22.7

0.143

378 89.2 305 85.4

46 10.8 52 14.6

0.075**

0 0.0 23 6.4

5 1.2 41 11.5

61 14.4 44 12.3

317 74.8 234 65.6

41 9.7 15 4.2

0.046***

84 22.2 92 28.8

295 77.8 228 71.3

45 10.6 37 10.4

0.549***

139 41.9 134 44.2

193 58.1 169 55.8

92 21.7 54 15.1

0.421***

90 67.7 123 71.9

43 32.3 48 28.1

291 68.6 186 52.1

a Staging System.
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There were 424 children with NB progression (54.3%) and 357

with tumour relapse (45.7%), and were eligible for this study.

Table 1 reports the descriptive statistics of the original INBR

cohort and of the 781 study patients.

Biological data were not available for all the patients. In

particular, MYCN gene was not assayed in 969 (50.3%) patients

mostly diagnosed before 1992. Recurrences occurred less fre-

quently in children younger than 18 months at diagnosis

compared to the subsequent age groups. They also occurred

more frequently in males, in patients diagnosed in the earlier

period, in those with abdominal primary, with stage 4 disease,

with abnormal VMA excretion, high LDH serum levels and

with amplified MYCN gene copy number (Table 1). The main

characteristics of children who progressed or relapsed were

similar, except for the period of diagnosis – with more pro-

gressions occurring between 1979 and 1984 – and VMA excre-

tion, with fewer abnormal values observed in children who

progressed (Table 1).

Tumour progressions were documented at a median of 6.5

months (IQR: 3.2–11.5) from diagnosis, while relapses oc-

curred at a median of 16.2 months (IQR: 9.7–23.4) from diagno-

sis and 10.7 months (IQR: 5.1–17.7) from date of best response.

Most progressions and relapses were disseminated (79.5% and

77.6%, respectively). Children with localised disease more of-

ten had local progression (100% in stage 2 patients, 68.9% in

stage 3 patients), while those with disseminated disease

had disseminated progression (89.3% in stage 4 and 85.4% in

stage 4s). A similar pattern was observed for relapses, except

for stage 1 patients, among whom most events (n = 15; 65.2%)

were disseminated, including 7 occurring at metastatic sites

only. Among infants, only three patients with localised dis-

ease had a dissemination to the stage 4s pattern (skin and li-

ver) and all are still alive and in complete remission.

Of the 357 relapses, 271 (75.9%) occurred early at a median

interval of 7.8 months (IQR: 4.2–11.7), while 86 (24.1%) oc-

curred late after a median of 28.4 months (IQR: 21.1–41.3).

All the study patients received salvage treatment based

upon their previous treatment history (see Section 2). Only

two stage 1 children who experienced local relapse were fur-

ther treated with only surgery which turned to be radical.

Both are still alive, one in complete remission and the other
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Fig. 1 – Survival after relapse or progression of 781 children

with neuroblastoma.
with stable disease after a second relapse. At follow-up, 663

(84.9%) patients had died. There were 384 deaths among chil-

dren with tumour progression (90.6%) and 279 among those

who relapsed (78.2%). Deaths were tumour-related in most

of the cases (655 out of 663; 99.0%), while 7 (2 progressions,

5 relapses) were toxicity-related and one was due to a SMN

(a malignant peripheral nerve sheet tumour) that occurred

in a stage 3 patient 8 years from diagnosis and 4 months from

progression. None died from other non-cancer-related causes.

The 10-year OS was 6.8% (95% confidence interval (CI) 4.3–

10.0) for children with tumour progression and 14.4% (95%

CI 10.5–18.9) for those who relapsed (Fig. 1) (P < 0.001). The

median OS time was 3.5 months after progression and 10.4

months after relapse.

3.1. Correlation between presenting features and survival

An analysis of the effect of various prognostic factors on OS is

reported in Table 2. Younger age and a less advanced stage at

diagnosis, recent era of diagnosis, extra-abdominal primary

site, low LDH levels and non-amplified MYCN were signifi-

cantly associated with better 10-year OS after either progres-

sion or relapse.

In more detail, children <18 months of age (Fig. 2A and B,

Table 2) had always a significantly better probability of sur-

vival (22.0% after progression and 42.3% after relapse) as com-

pared to older children, among whom only few survived after

5 years from the event (P < 0.001 in both cases). The clinical

course of older children (P10 years) appeared to be more

indolent, even though always fatal (Fig. 2A and B).

Stage at diagnosis was also significantly associated with

survival after progression and relapse (P < 0.001 in both cases;

Fig. 2C and D; Table 2). In fact, all five stage 2 patients who had

tumour progression were rescued, while the OS for stage 4s

patients was 39.0%, and only 6.6% and 1.5% for those with

stage 3 or stage 4 neuroblastoma, respectively. Similarly, after

tumour relapse a high 10-year OS rate (71.6%) was observed

for stage 1 children, compared to 38.7%, 12.5% and 2.0%,

respectively, for those with stages 2, 3 and 4.

As for the analysis of the period of diagnosis, survival was

evaluated at 5 years in order to have comparable data for

more recently diagnosed patients (Fig. 2 plots E and F; Table

2). A significantly better OS after both progression and relapse

was observed among children diagnosed in the most recent

period, and results did not differ significantly even if the anal-

ysis was extended to 10 years.

The other risk factors that were consistently and signifi-

cantly associated to poor prognosis after either progression

or relapse were abdominal primary site, high LDH levels and

amplified MYCN status (Table 2). As for VMA, normal values

at diagnosis were found to be significantly associated to poor

survival only after progression. If type of event was consid-

ered, a disseminated type of the event was significantly asso-

ciated to poorer survival only in case of relapse while no

effect was demonstrated after progression (Table 2).

In multivariate analyses only age, stage at diagnosis and

MYCN status had an independent effect on the probability

of survival after progression (Supplementary Table 1). While

site and timing of relapse, stage at diagnosis and MYCN status

were found to be risk factors for the probability of OS after re-
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lapse (Supplementary Table 2). However, these data should be

evaluated with caution due to the small sample size (N = 115)

and the violation of the proportional hazard assumption.

With regards to timing of relapse, as shown in Fig. 3, early

relapses showed a more unfavourable, short term outcome

with a rapid decrease in OS in the first months after the event.

This was even more evident if only stage 4 children were in-

cluded in the analysis (Supplementary Fig. 1). At about 6 years

after relapse the curves cross each other at about the 16%

level of the estimated probability of OS.

4. Discussion

Our study reports the long-term outcome of the largest ever

cohort of children with neuroblastoma registered in prospec-

tive protocols to undergo disease progression or relapse. Over-

all, the prognosis for these patients was poor with median
Table 2 – Ten-year overall survival of 781 neuroblastoma patie
clinical and biological characteristics at diagnosis.

Patients characteristics Progression

OS % 95% CI

Gender

Male 5.4 2.8–9.3

Female 9.5 5.5–14.8

Age

<18 months 22.0 14.5–30.4

18 months to 4 years 1.8 0.46–4.8

5–9 years 1.9 0.17–8.7

P10 years 0.0 –

Period of diagnosis*

1979–1984 0.0 –

1985–1991 8.1 3.8–14.5

1992–1998 7.8 3.5–14.2

1999–2004 23.3 14.1–33.8

INSS stage

1 – –

2 100 –

3 6.6 1.9–15.3

4 1.5 0.42–4.1

4s 39.0 24.3–53.4

Primary site

Other sites 17.6 7.2–31.9

Abdomen 5.5 3.2–8.9

VMA

Normal 4.8 1.6–10.8

Pathologic 6.6 3.7–10.7

LDH

<1000 IU/l 8.9 3.7–17.1

>1000 IU/l 5.4 2.7–9.5

MYCN status

Not amplified 22.1 13.2–32.6

Amplified 0.0 –

Type of recurrence

Local 13.5 7.1–22.0

Disseminated/combined 5.4 3.1–8.6

INSS = International Neuroblastoma Staging System.

* Follow-up time truncated at 5 years from progression or relapse.
survival time less than 1 year, and less than 10% of children

surviving more than 10 years after recurrence.

Recurrences occurred more often in association with the

following presenting features: age >17 months, disseminated

disease, abdominal primary site, elevated LDH and MYCN

gene amplification. Of note, the frequency of events de-

creased over the study period, most likely due to the use of

more aggressive induction protocols and the refinement of

the supportive measures, leading more patients to achieve

complete CR.

Almost 80% of recurrences were disseminated due to the

fact that stage 4 patients, who made up the majority of the

study population, almost exclusively developed metastatic

recurrence. The type of events observed in localised diseases

had a more complex pattern. While no progressions occurred

in stage 1 patients, and relapses were mostly disseminated, in

stage 2 and stage 3 patients the progressions were mainly lo-
nts after disease progression or relapse, by demographic,

Relapse

P OS % 95% CI P

0.978 0.140

12.2 7.6–17.8

17.6 11.1–25.3

<0.001 <0.001

42.3 30.7–53.5

7.5 3.9–12.5

2.5 0.21–11.2

0.0 –

<0.001 0.023

12.1 5.7–21.2

15.2 8.8–23.3

19.6 12.9–27.4

29.9 18.4–42.2

<0.001 <0.001

71.6 47.4–86.1

38.7 22.9–54.2

12.5 4.3–25.4

2.0 0.28–7.4

33.3 12.2–56.4

0.034 0.004

29.0 16.5–42.7

12.2 8.3–16.9

0.002 0.401

20.4 12.4–29.9

11.9 7.6–17.3

<0.001 <0.001

21.3 14.1–29.6

6.2 2.5–12.3

<0.001 <0.001

23.1 14.1–33.3

6.6 1.4–18.0

0.273 <0.001

28.4 17.5–40.4

10.4 6.7–15.0
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Fig. 2 – Survival after progression or relapse of 781 children with Neuroblastoma by age at diagnosis (Panel A: progression,

Panel B: relapse), stage (Panel C: progression, Panel D: relapse) and period of diagnosis (Panel E: progression, Panel F: relapse).
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cal and relapses were equally distributed between local and

disseminated. The fact that the majority of relapses in stage

1 children were disseminated, with the bone marrow com-

monly being involved came as a surprise, although a similar

finding was previously reported by Berthold and colleagues

who attributed it to staging errors.7 A similar observation

was reported by the SIOPEN Group, where 11 out of the 16
recurrences that occurred in stage 1 were disseminated.19

Of note, 10 out of 16 events were observed in infants and were

interpreted as possible instances of unrecognised stage 4s

disease.19 This may also be the case in our series, since 11

out of 15 stage 1 children with disseminated tumour relapse

were <12 months old at diagnosis, and were all rescued with

salvage therapies.
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Fig. 3 – Survival after relapse of 357 children with Neuroblastoma by time from the best response and relapse onset.
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The unfavourable role on OS played by age >17 months, as

well as by early period of diagnosis, advanced disease stage,

abdominal primary site, elevated LDH serum levels and

amplified MYCN gene was confirmed both in patients suffer-

ing progression and in those undergoing relapse. Similarly,

we confirmed previous observations of a more indolent but

always eventually fatal outcome in adolescents (i.e. >9 years

old) with neuroblastoma.20

Nonetheless, some differences were observed. One differ-

ence involved normal levels of urinary VMA, which had an

unfavourable effect in case of tumour progression, but not

of relapse. The association between normal VMA values and

poor survival was already reported by others21,22 and related

to the frequent coexistence with MYCN gene amplification.

Tumour cells with both features are in fact at an early stage

of differentiation and therefore unable to produce catechola-

mines. In our cohort, using only patients with valid data for

both VMA and MYCN values (N = 275) the association between

normal VMA and amplified MYCN status was confirmed and

was particularly evident in stage 4 children where MYCN

amplification was observed in 56.5% (N = 26) of children with

normal VMA values, versus 21.6% (N = 32) of those with path-

ologic VMA; P < 0.001.

The other difference we found between tumour progres-

sion and relapse was that the type of event significantly af-

fected survival in case of relapse. Better OS was observed

for local relapses, while it was not seen in case of progression.

This was somehow not unexpected since the inability of the

tumour to respond to front-line therapy may be a marker of

an unfavourable somatic,23 or constitutional pattern,24 which

could prevent salvage treatments from being effective. These

data suggest that in case of progression, experimental treat-

ments should be taken into consideration regardless of the

site of the event, while conventional approaches might be

more indicated for local relapse.

Similar remarks may be made when timing of relapse is

considered as possible risk factor. As shown in Fig. 3, early re-

lapses had a more rapid, unfavourable course with about 80%

of deaths occurring within 2 years, while for late relapses this

figure was reached only after about 5 years. The observation
that duration of first remission is a powerful predictor of out-

come was previously reported in a small group of neuroblas-

toma patients25 and with other childhood tumours.26,27

In conclusion, our data confirm that treatment of neuro-

blastoma has a very high failure rate and this remains true

even today, although some decrease in both progression and

relapse rates has occurred over time. Clearly, new therapeutic

front-line strategies are needed to significantly increase sur-

vival. In the unfortunate case of recurrence, the data reported

in our study may be used when discussing treatment options

with the patients’ families. We have, in fact, identified a small

cohort of patients, mainly in stages 1 and 2, some of whom

have undergone local recurrence and others who have devel-

oped late relapse, for whom conventional treatment could

still be proposed. With regards to the remaining larger propor-

tion of patients, including all the ones with tumour progres-

sion, and stage 4 children with relapse, experimental

therapies should be proposed. The results derived from these

phase I and phase II studies should then be rapidly translated

into a new front-line approach. In the process of obtaining in-

formed consent for treatment from patients or their represen-

tatives, the issue of the patient’s quality of life should also be

carefully discussed and evaluated, and strategies for appro-

priate care when cure appears unlikely should strongly be

taken into consideration.
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