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Abstract
Purpose To clarify the role of primary tumor resection in stage 4S neuroblastoma.
Methods We investigated a cohort of 172 infants diagnosed with stage 4S neuroblastoma between 1994 and 2013. Of 160 
evaluable patients, 62 underwent upfront resection of the primary tumor and 98 did not.
Results Five-year progression-free and overall survival were significantly better in those who had undergone upfront surgery 
(83.6% vs 64.2% and 96.8% vs 85.7%, respectively). One post-operative death and four non-fatal complications occurred 
in the resection group. Three patients who had not undergone resection died of chemotherapy-related toxicity. Thirteen 
patients underwent late surgery to remove a residual tumor, without complications: all but one alive. Outcomes were better 
in patients diagnosed from 2000 onwards.
Conclusion Infants diagnosed with stage 4S neuroblastoma who underwent upfront tumor resection had a better outcome. 
However, this result cannot be definitely attributed to surgery, since these patients were selected on the basis of their favorable 
presenting features. Although the question of whether to operate or not at disease onset is still unsolved, this study confirms 
the importance of obtaining enough adequate tumor tissue to enable histological and biological studies to properly address 
treatment, to achieve the best possible outcome.
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Introduction

The term stage 4S neuroblastoma refers to infants up to 
1 year of age who are diagnosed with a localized primary 
tumor associated with remote disease that is confined to 
liver, skin, and/or bone marrow (< 10% infiltration) [1]. 
Its natural history is characterized by a period of tumor 
progression (lasting from a few days to some months) that 
may lead to death regardless of therapy, or be followed by 
therapy-induced or spontaneous regression [2], the mecha-
nism of which is not fully understood [3]. The probabil-
ity of cure is fairly high and has increased from 60% in 
the1980s [4–7] to the present 90% [8–12].

The therapeutic approach to stage 4S neuroblastoma is 
not well defined, in particular for what concerns the role of 
resection of the primary tumor. Two studies have focused 
on this issue: back in 1992, Martinez et al. analyzed 37 
such infants and concluded that resection was associated 
with a better outcome [13]. A few years later, however, 
Guglielmi et al. were unable to confirm this favorable 
effect in a study of 94 Italian patients [14]. Other authors 
have expressed divergent opinions on the issue. For exam-
ple, Stokes et al. [5], Blatt et al. [7], and Katzenstein et al. 
[8] stated that resection of the primary did not correlate 
with survival, while Berthold et al. [15] maintained that it 
could improve outcome, and Evans et al. [4] and Nicker-
son et al. [9] advocated primary resection to prevent local 
recurrence. Finally, a recent Children’s Oncology Group 
(COG) study suggested that primary resection could be 
avoided in symptomatic patients requiring emergency 
chemotherapy [16]. In an attempt to provide new useful 
information on the question of the advantage of primary 
tumor resection in infants diagnosed with stage 4S neu-
roblastoma, we retrospectively analyzed the records of 
a large cohort of such infants diagnosed in Italy in the 
20-year period following the previous Italian report on 
this issue [14].

Methods

Between 1994 and 2013, a total of 2310 subjects aged 
0–18 years with previously untreated neuroblastoma were 
diagnosed in 27 institutions of the Italian Neuroblastoma 
Group and registered in the Registro Italiano Neuroblas-
toma (RINB) [17]. Of these, 182 (9.0%) met the diagnostic 
criteria for stage 4S, 10 of whom were excluded because 
of insufficient data, leaving 172 for analysis. RINB data 
were retrieved by reviewing patients’ medical records. 
In accordance with Hsu et al. [18], presenting symptoms 
were defined as “minor” or “major”, the latter being: (i) 

massive hepatomegaly, i.e., liver enlargement extending 
beyond the transversal umbilical line; (ii) dyspnea, i.e., 
tachypnea sometimes requiring  O2 supplementation; and 
(iii) organ dysfunctions, involving one or more of the fol-
lowing: gastro-intestinal tract, cardiovascular system, renal 
function, and coagulation pattern.

Diagnosis and diagnostic work‑up

Tumor diagnosis was based on clinical and biochemi-
cal data, supported by adequate imaging, and usually 
confirmed by the histopathology report. The diagnostic 
work-up included bone marrow aspirates, local assays 
of urinary catecholamine metabolites, and serum LDH 
and ferritin. After the year 2000, histology was centrally 
reviewed according to the International Neuroblastoma 
Pathology Classification (INPC) criteria [19]. Biological 
characteristics of the tumors were assayed at the National 
Neuroblastoma Laboratory and included MYCN gene 
and chromosome 1p status, and DNA index [20]. The size 
of the primary tumor was retrospectively obtained from 
radiological reports, and the median diameter of 5 cm was 
taken to identify large masses. The presence of “surgical 
risk factors” [21], then named “image-defined risk factors” 
(IDRFs) by the International Neuroblastoma Risk Group 
(INRG) [22], were retrieved from surgical forms.

Treatment

Irradiation of enlarged livers was rarely performed. Resec-
tion of the primary tumor within the first few weeks after 
diagnosis (upfront resection) was encouraged when fea-
sible with minimal risk. Late resection was carried out 
upon institutional decision. The term resection was defined 
as either the radical excision of the primary tumor or its 
excision with minimal residue. Excision that was less than 
complete, but greater than 50% was defined as partial 
resection, while biopsy was an operation aimed at obtain-
ing a tumor fragment suitable for histological and bio-
logical examinations [14]. Chemotherapy was indicated in 
patients presenting or developing major symptoms: before 
the year 2000, it was administered in accordance with 
national protocols and consisted of 2–4 courses of various 
chemotherapeutic associations. After 2000, it consisted of 
the association of carboplatin and etoposide, according to 
an ad hoc SIOPEN protocol [23]. However, in the event 
of MYCN gene amplification, intensive upfront chemo-
therapy, followed by resection of the primary tumor and 
irradiation of the primary tumor site, was undertaken [24].
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Statistical analyses

Descriptive statistics are reported as absolute frequencies 
and percentages for qualitative variables, and as median 
values with their related interquartile range (IQR) for 
quantitative variables. To compare proportions between 
groups, Pearson’s Chi-square and Fisher’s exact test, when 
appropriate, were applied. Progression-free survival (PFS) 
and overall survival (OS) were estimated by means of the 
Kaplan–Meier method, and differences between groups were 
assessed by means of the log-rank test. Survival estimates 
referred to the 5 years following diagnosis, and the related 
95% confidence intervals (95% CI) were obtained by apply-
ing the Kalbfleisch and Prentice method [25]. Multivariable 
survival analysis, via Cox regression model, was limited 
to PFS, owing to the very low number of deaths recorded. 
All tests were two-tailed, and a P value < 0.05 was consid-
ered statistically significant. All analyses were performed 
by means of Stata Statistical Software (Release 13.1, Stata 
Corporation, College Station, TX, USA).

Results

Of 172 infants diagnosed with stage 4S neuroblastoma, 
12 were excluded owing to early fatal disease progression 
(n = 7) or absence of an identifiable primary (n = 5), leaving 
160 for analysis; 40 of these were diagnosed between 1994 
and 1999 and 120 between 2000 and 2013. Of the 160 evalu-
able patients, 62 underwent upfront resection of the primary 
tumor and 98 did not. Late surgery was subsequently per-
formed in 13 patients (2 of those who had undergone upfront 
resection, and 11 of those who had not).

Presenting features of the 160 infants evaluated 
for upfront surgery

Table 1 shows the main features of these 160 patients on 
diagnosis; 62 (38.8%) were scheduled for upfront resection, 
while the remaining 98 (61.2%) were scheduled for other 
kinds of treatment.

Gender and age

Male-to-female ratio was 1.1. Median age was 90 days, with 
35.6% diagnosed within the first 2 months of life. No differ-
ence was observed between patients who underwent surgery 
and those who did not.

Symptoms

Sixteen patients (10.0%) were asymptomatic, as the tumor 
was detected in late pregnancy (n = 2), on post-natal 

screening (n = 12), or during follow-up of a neonatal adre-
nal mass (n = 2). Thirty-five patients presented with minor 
symptoms (21.9%); 109 (68.1%) presented with major symp-
toms: hepatomegaly in 83 (51.9%), dyspnea in 6 (3.8%), 
and the combination of both in 19 (11.9%). Patients who 
underwent surgery were more often asymptomatic (19.4% 
vs 4.1%) or had minor symptoms (29.0% vs 17.3%), and 
less frequently presented major symptoms (51.6% vs 78.6%).

Primary tumor site and size, and IDRFs

The primary tumor site was the adrenal in 106 infants 
(66.3%). The primary tumor size was recorded in 87 
patients; in 28, the median diameter was greater than 5 cm. 
IDRFs were identified in 42 of the 98 patients who under-
went this evaluation. Tumor size was similar in both groups, 
while patients who underwent upfront resection more often 
had an adrenal primary (83.9% vs 51.1%) and less frequently 
had IDRFs (21.6% vs 55.7%).

Metastatic sites

The liver was involved in 133 infants, bone marrow in 76, 
and skin in 16. Liver and skin involvement was more fre-
quent in non-surgical patients (88.8% vs 74.2% and 14.3% 
vs 3.2%, respectively).

Histology and biology

Histology was centrally reviewed in 73 cases and deemed 
favorable in 67. MYCN gene was assayed in 147 tumors and 
found to be amplified in 12. Chromosome 1p was found to be 
deleted in 24 of 121 tumors tested, and the DNA index was 
di- or tetraploid in 36 of 106. The distribution of histological 
and biological features did not differ between surgical and 
non-surgical patients.

Treatment, clinical course, and outcome

Of the 62 patients who underwent upfront resection, 51 
were assigned to observation, one of whom died of bleed-
ing 6 days after surgery (Fig. 1). Nine of these 51 suffered 
disease progression 1–9 months after diagnosis (median 4): 
metastatic in 7 (one died 19 months after diagnosis) and 
combined in 2 (both alive); 5-year PFS and OS were, there-
fore, 82.0% and 96.1%, respectively. The remaining 11 of 
the 62 received chemotherapy; one suffered local disease 
progression at 2½ months and survived; PFS and OS were, 
therefore, 90.9% and 100%, respectively. Four patients suf-
fered surgery-related complications: ischemic renal failure in 
two, intra-operative tumor rupture in one, and bilateral pleu-
ral effusion in one; all survived with appropriate treatment. 
Two of the 62 patients underwent a second, uncomplicated, 

Author's personal copy



 Pediatric Surgery International

1 3

operation 2 months after diagnosis, to remove a small tumor 
residue: both survived.

Of the 98 patients who did not undergo upfront resec-
tion, 53 were assigned to observation, 24 (45.3%) of whom 
suffered disease progression 1–30 months after diagnosis 
(median 4): metastatic in 14 (5 died), local in 2 (both alive), 
and combined in 8 (3 died, all with unfavorable biology); 
PFS and OS were, therefore, 54.7% and 84.9%, respectively. 
The remaining 45 received chemotherapy, which was com-
plicated by toxic death in 3 cases. Ten of the 45 suffered 
disease progression 1–38 months after diagnosis (median 7): 

metastatic in 5 (3 died), local in 4 (no deaths), and combined 
in 1 (alive); PFS and OS were, therefore, 76.2% and 86.6%, 
respectively. In one of these 45 patients, a silastic patch was 
successfully applied to relieve abdominal tension. 11 out of 
the 98 patients underwent uncomplicated late resection of 
a residual tumor 3–22 months after diagnosis (median, 5); 
all but one survived.

In summary, 4 of 160 patients (2.5%) died of therapy-
related complications, 44 (27.5%) suffered disease progres-
sion, which was only metastatic in 26 (16.3%; 9 deaths), 
only local in 7 (4.4%; no deaths), and combined in 11 (6.9%; 

Table 1  Features on diagnosis of 160 infants with stage 4 s neuroblastoma evaluated for upfront resection of primary tumor

IQR interquartile range, IDRFs image-defined risk factors

Features All Operated Non-operated P

No % No % No %

Total 160 100 62 100 98 100
M/F ratio 1.1 1.2 1.1 0.730
Median age, days (IQR) 90 (40–151) 97 (42–166) 76 (33–146) 0.214
Age 0.479
 < 60 days 57 35.6 20 32.3 37 37.8
 ≥ 60 days 103 64.4 42 67.7 61 62.2

Symptoms < 0.001
 None 16 10.0 12 19.4 4 4.1
 Minor 35 21.9 18 29.0 17 17.3
 Major 109 68.1 32 51.6 77 78.6 –

Primary tumor sites
 Adrenal 106 66.3 52 83.9 54 55.1 < 0.001
 Other 54 33.7 10 16.1 44 44.9

Tumor size (87 evaluable) 0.954
 < 5 cm 59 67.8 27 67.5 32 68.1
 ≥ 5 cm 28 32.2 13 32.5 15 31.9

IDRFs (98 evaluable) 0.001
 Absent 56 57.1 29 78.4 27 44.3
 Present 42 42.9 8 21.6 34 55.7

Metastatic sites
 Liver 133 83.1 46 74.2 87 88.8 0.016
 Bone marrow 76 47.5 32 51.6 44 44.9 0.407
 Skin 16 10.0 2 3.2 14 14.3 0.023

Histology (73 evaluable) 0.221
 Favorable 67 91.8 31 96.9 36 87.8
 Unfavorable 6 8.2 1 3.1 5 12.2

MYCN gene (147 evaluable) 0.226
 Not amplified 135 91.8 58 95.1 77 89.5
 Amplified 12 8.2 3 4.9 9 10.5

1p deletion (121 evaluable) 0.823
 Absent 97 80.2 42 79.2 55 80.9
 Present 24 80.2 11 20.8 13 19.1

DNA index (106 evaluable) 0.687
 Triploid 70 66.0 34 68.0 36 64.3
 Diploid/tetraploid 36 34.0 16 32.0 20 35.7
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3 deaths). The overall number of deaths was, therefore, 
16 (10.0%); these occurred 6 days to 42 months (median, 
10 months) after diagnosis. Twenty-nine of the 160 patients 
(18.1%) received no treatment at all and were alive at the 
last follow-up examination recorded. A total of 144 patients 
(90.0%) are alive after a follow-up of 60 months, 5-year PFS 
and OS being 71.8% and 90.0%, respectively.

Analysis of survival

The 5-year PFS of the 160 patients evaluated for upfront 
surgery was 71.8% (Fig. 2a). PFS was better in patients 
diagnosed in the first treatment era (76.9% vs 56.4%) and 
those presenting without symptoms or with minor symp-
toms in comparison with those with major symptoms (93.8% 
vs 82.9% vs 64.8%) (Table 2). In patients who underwent 
upfront resection, PFS was better in those diagnosed more 
recently (89.4% vs 64.3%) and those without IDRFs (89.7% 
vs 62.5%). In patients who did not undergo upfront resec-
tion, none of the presenting features was associated with 
better PFS. PFS was better in patients who underwent resec-
tion than in those who did not (83.6% vs 64.2%) (Fig. 2a). 
On comparing patients who underwent resection with those 
who did not, the features associated with better PFS in the 
former were: recent treatment era, older age, female gender, 
adrenal primary, absence of IDRFs, favorable histology, and 
normal MYCN status (Table 2).

Multivariable analysis confirmed the better PFS in 
patients who underwent either upfront primary resection 
(hazard ratio HR = 0.42) or chemotherapy (HR = 0.44), 
and the poorer survival of those presenting with major 

symptoms on diagnosis (HR = 2.4) (Table 3). In the upfront 
resection group, the better survival in the later treatment era 
(HR = 0.26) and the higher risk among those who presented 
with IDRFs (HR = 4.6) were also confirmed, though statisti-
cal significance was borderline (Supplementary Table 1). In 
non-surgical patients, a protective effect of upfront chemo-
therapy (HR = 0.44) was observed (Supplementary Table 1).

The 5-year OS of the 160 patients evaluated for upfront 
surgery was 90.0% (Fig. 2b). A better OS was associated 
with favorable histology, normal MYCN gene and chromo-
some 1p status, and triploid DNA index (Table 4). In patients 
who underwent resection, no presenting feature was associ-
ated with better OS, while in those who did not, OS was 
affected by unfavorable histological and biological features. 
OS was better in the former group than in the latter (96.8% 
vs 85.7%) (Fig. 2b). On comparing patients who underwent 
resection with those who did not, features associated with 
better OS were: adrenal site, large diameter of the primary 
and absence of IDRFs (Table 4). No multivariable analysis 
of OS was carried out, owing to the small number of deaths 
recorded.

Discussion

Back in 1996, Guglielmi et al. evaluated the effect of resect-
ing the primary tumor in 97 Italian infants diagnosed with 
stage 4S neuroblastoma and found that those who under-
went resection had no better outcome than those who did 
not [14]. Their conclusions, however, conflicted with those 
of several other reports [9–11, 13, 15]. This is a relevant 

Fig. 1  Treatment, progressions, and outcomes of patients evaluable for upfront resection of primary tumor
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issue, as major surgery performed in small infants is not 
devoid of risk and should be considered with caution in the 
absence of clear advantage for the patient. With regard to 
this particular therapeutic aspect, we, therefore, analyzed an 
additional cohort of such patients diagnosed in Italy between 
1994 and 2013. Of note, in the present study, infants who 
died of early progression or did not have an identifiable pri-
mary were excluded.

Without recognized treatment guidelines, physicians 
treating stage 4S neuroblastoma in the present study were 
recommended to resect the primary tumor, when this was 
deemed feasible without risk. This led to a 36% rate of 
upfront primary tumor resection in the whole series, which 
was greater than the 27% reported in Guglielmi’s series 
[14] and may reflect an increased confidence of surgeons 
in operating on these patients. Upfront surgery was usually 
reserved for infants who presented with reassuring clinical 

conditions and tumor imaging, specifically, those without 
major symptoms or IDRFs, and those in whom the adrenal 
was the most frequent primary site. Nevertheless, a few 
patients underwent surgery despite having IDRFs. These 
did not suffer complications and survived. Indeed, it is 
well known that, in terms of surgical complexity, IDRFs 
are not all equivalent, and that some can be safely man-
aged by expert surgeons, thereby avoiding chemotherapy 
in these young infants.

As in the previous study [14], PFS and OS rates in the 
present study were significantly better in patients who under-
went upfront tumor resection, who accounted for approxi-
mately one-third of the cases (n = 62, i.e., 36%). However, 
most of these patients were assigned to surgery owing to 
their favorable presenting features. Of note, 5 of the 62 
suffered major surgery-related complications, one fatal. 
Whether this group of patients would have had the same 

Fig. 2  a Progression-free sur-
vival of 160 patients with stage 
4 s neuroblastoma evaluable for 
upfront resection of primary 
tumor. b Overall survival of 160 
patients with stage 4S neuro-
blastoma evaluable for upfront 
resection of primary tumor

Author's personal copy



Pediatric Surgery International 

1 3

excellent outcome if they had not undergone primary resec-
tion remains uncertain.

A larger group (n = 98, i.e., 57%) was made up of patients 
judged unsuitable for primary tumor resection. Interest-
ingly, both patients presenting with reassuring conditions 
who were assigned to observation and those who underwent 
upfront chemotherapy owing to the presence of major symp-
toms had similar OS (84.9% and 86.6%), suggesting that 

upfront chemotherapy may have improved the outcome of 
patients presenting with ominous clinical features. A simi-
lar favorable effect was reported in a recent COG study, in 
which stage 4S infants received pre-emptive chemotherapy 
owing to their evolving symptoms and/or unfavorable bio-
logical features [16]. In the present study, unfavorable biol-
ogy in non-surgical patients was associated with a higher 
risk of disease progression and death. In accordance with the 

Table 2  Five-year PFS in relation to features on diagnosis of 160 stage 4 s neuroblastoma patients evaluated for upfront resection of primary 
tumor

Bold p value indicates a statistically significant value < 0.05
No/PD number of patients/number of progressions, PFS% progression-free survival per 100 at 5 years after diagnosis, 95% CI 95% confidence 
interval, p p value estimated by the log-rank test. p* comparison between patients with no elective surgery and patients with tumor resection

Features All patients (No = 160) Operated (No = 62) Non-operated (No = 98) p*

No/PD PFS% 95% CI p No/PD PFS% 95% CI p No/PD PFS% 95% CI p

Total 160/44 71.8 64.0–78.2 – 62/10 83.6 71.7–90.8 – 98/34 64.2 53.7–73.0 – 0.013
Treatment eras 0.019 0.023 0.210
 1994–1999 40/17 56.4 39.6–70.2 15/5 64.3 34.3–83.3 25/12 52.0 31.3–69.2 0.626
 2000–2013 120/27 76.9 68.2–83.6 47/5 89.4 76.3–95.4 73/22 68.6 56.3–78.1 0.011

Age 0.462 0.589 0.657
 < 60 days 57/17 69.2 55.2–79.6 20/4 80.0 55.1–92.0 37/13 63.0 45.0–76.6 0.198
 60–365 days 103/27 73.3 63.5–80.8 42/6 85.4 70.3–93.1 61/21 65.0 51.5–75.6 0.035

Gender 0.737 0.240 0.767
 Males 85/24 70.8 59.6–79.3 34/7 78.8 60.6–89.3 51/17 65.4 50.3–76.9 0.241
 Females 75/20 73.0 61.3–81.6 28/3 89.3 70.4–96.4 47/17 63.0 47.5–75.2 0.016

Symptoms 0.023 0.424 0.187
 None 16/1 93.8 63.2–99.1 12/1 91.7 53.9–98.8 4/0 100 – 0.564
 Minor 35/6 82.9 65.8–91.9 18/2 88.9 62.4–97.1 17/4 76.5 48.8–90.5 0.338
 Major 109/37 64.8 54.9–73.1 32/7 77.4 58.4–88.5 77/30 59.5 47.5–69.7 0.108

Primary tumor sites 0.524 0.724 0.084
 Adrenal 106/31 69.9 60.1–77.8 52/8 84.3 71.1–91.8 54/23 55.9 41.4–68.1 0.003
 Other 54/13 75.5 61.5–85.0 10/2 80.0 40.9–94.6 44/11 74.4 58.6–84.9 0.741

Tumor size 0.574 0.812 0.385
 < 5 cm 59/17 70.7 57.2–80.7 27/5 81.5 61.1–91.8 32/12 61.4 42.1–75.9 0.113
 ≥ 5 cm 28/10 64.3 43.8–78.9 13/2 84.6 51.2–95.9 15/8 46.7 21.2–68.8 0.053

IDRFs 0.073 0.044 0.806
 Absent 56/14 75.0 61.5–84.4 29/3 89.7 71.3–96.5 27/11 59.3 38.6–75.0 0.012
 Present 42/17 59.5 43.2–72.6 8/3 62.5 22.9–86.1 34/14 58.8 40.6–73.2 0.939

Histology 0.615 0.752 0.893
 Unfavorable 6/2 66.7 19.5–90.4 1/0 100 - 5/2 60.0 12.6–88.2 0.502
 Favorable 67/14 78.8 66.9–86.9 31/3 90.3 72.9–96.8 36/11 68.6 50.5–81.2 0.036

MYCN status 0.443 0.447 0.871
 Normal§ 135/37 72.0 63.5–78.8 58/9 84.2 71.9–91.5 77/28 62.7 50.7–72.5 0.009
 Amplified 12/5 58.3 27.0–80.0 3/1 66.7 5.4–94.5 9/4 55.6 20.4–80.5 0.838

1p status 0.290 0.547 0.366
 Normal 97/26 72.6 62.4–80.4 42/7 82.9 67.5–91.5 55/19 64.8 50.5–75.9 0.065
 Deleted 24/10 58.3 36.5–75.0 11/3 72.7 37.1–90.3 13/7 46.2 19.2–69.6 0.258

DNA Index 0.808 0.594 0.923
 Triploid 70/20 71.4 59.3–80.5 34/6 82.4 64.9–91.7 36/14 61.1 43.4–74.8 0.055
 Diploid/Tetraploid 36/10 72.2 54.5–84.0 16/2 87.5 58.6–96.7 20/8 60.0 35.7–77.6 0.072
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SIOPEN recommendations [26], we emphasize the impor-
tance of obtaining information on these features at the onset, 
as an intensive approach has proved effective in patients with 
unfavorable biology [23].

It is of interest that 18 of the total 44 cases of tumor 
progression involved the primary site and occurred in 3/62 
surgical and 15/98 non-surgical patients. There were three 
instances of fatal local progression, all of which occurred 
among non-surgical patients who had unfavorable biological 
features. As previously reported [14], we may conclude that 
the primary tumor site was involved in a minority of cases 
and that progression at this site only occasionally contrib-
uted to death.

Delayed surgery to remove a residual tumor was carried 
out in 13 patients, 11 of whom had not previously undergone 
resection. None of these patients experienced post-operative 
complications and only one died.

This study had some limitations: (i) the retrospective 
design of the study, which spanned 19 years, (ii) the small 
sample size of each group/subgroup of patient features, (iii) 
the small number of disease-related or therapy-related events 
and deaths observed, and (iv) the high number of statisti-
cal comparisons, which engenders a risk of multiple testing 
bias. Nevertheless, our data clearly show that the outcome 
was better in patients diagnosed in the second treatment 
era (92.5% vs 82.5%). As presenting features were com-
parable in the two periods, the better result of those more 
recently diagnosed could be attributed to a combination of 
factors: (i) a more-refined management strategy, resulting 

from participation in a large international study, (ii) the use 
of optimal chemotherapy (the carboplatin–etoposide asso-
ciation) rather than previous less effective combinations 
[10], (iii) the success of adopting an aggressive treatment 
in patients with amplified MYCN gene [24], and (iv) the 
increasing tendency to treat critical patients in intensive care 
units for severely ill neonates. On the basis of these consid-
erations, future studies on this topic should focus on patients 
treated in more recent eras.

Although patients who underwent primary resection had 
a better outcome than those who did not, this result cannot 
be entirely or definitely attributed to surgery, since patients 
were selected for resection on the basis of their favorable 
features. A thoroughly preoperative multidisciplinary dis-
cussion is mandatory, as operating on these young patients 
is not devoid of risk, and patients may require other kinds of 
upfront treatment rather than surgery.

Our long-lasting retrospective experience revealed that: 
(a) small primaries were generally either kept under observa-
tion or easily and safely resected, leaving little or no space 
for other treatments based on tumor biology; (b) primaries in 
which upfront surgery was hazardous and could not guaran-
tee complete resection benefited from upfront chemotherapy, 
which was usually preceded by adequate tumor biopsy to 
evaluate biology; (c) delayed surgery was carried out only 
on a few patients, on the basis of local staff decision; (d) in 
those few patients who presented with tumor progression 
despite chemotherapy (4.7% in our series), surgery played a 
minimal role, being performed only on those who had life-
threatening symptoms. These latter patients may benefit 
from emergency surgical procedures to support vital func-
tions, such as temporary positioning of an abdominal silastic 
patch [27], intra-arterial liver chemoembolization [28], and 
liver transplantation [29].

To reduce surgical morbidity and chemotherapy toxic-
ity, and to provide uniformity in the treatment of low and 
intermediate neuroblastoma (including stage 4S), an ongo-
ing SIOPEN study has developed a therapeutic algorithm 
based on tumor imaging and biological features [26, 30].

A recent systematic review on the outcome of stage 4S 
neuroblastoma confirmed that significant mortality is still 
observed in these patients, and that those with MYCN gene 
amplification and 1p/11q deletion have a dismal outcome 
[31]. The authors concluded that patients amenable to con-
servative management or surgery to excise the primary 
tumor have the best prognosis.

Although the question of whether to operate or not at 
disease onset is still unsolved, this study confirms the impor-
tance of obtaining enough adequate tumor tissue to enable 
histology and biology studies to properly address treatment, 
to achieve the best possible outcome.

Table 3  Five-year PFS of 160 stage 4  s neuroblastoma patients by 
features on diagnosis and upfront therapies

Bold p value indicates a statistically significant value < 0.05
IDRFs image-defined risk factors, HR hazard ratio evaluated by mul-
tivariable Cox regression analysis, 95% CI 95% confidence interval, 
p p value

Patient features HR 95% CI p

Upfront primary tumor resection 0.42 0.20–0.88 0.022
Upfront chemotherapy 0.44 0.22–0.89 0.021
Treatment era 2000–2013 0.72 0.37–1.4 0.333
Age on diagnosis ≥ 60 days 0.76 0.41–1.4 0.392
Female gender 0.86 0.48–1.6 0.631
Presence of major symptoms 2.4 1.1–5.6 0.036
Adrenal primary site 1.4 0.72–2.8 0.311
Primary tumor diameter < 5 cm 0.77 0.35–1.7 0.521
IDRFs 1.8 0.81–4.1 0.143
Favorable histology 0.88 0.20–4.0 0.873
MYCN gene amplification 1.6 0.63–4.3 0.310
Chromosome 1p deletion 1.5 0.73–3.2 0.260
Diploid/tetraploid DNA index 0.99 0.46–2.1 0.971
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Table 4  Five-year OS in relation to features on diagnosis in 160 stage 4  s neuroblastoma patients evaluated for upfront resection of primary 
tumor

Bold p value indicates a statistically significant value < 0.05
No/D number of patients/number of deaths, OS% overall survival per 100 at 5 years after diagnosis, 95% CI 95% confidence interval, NA not 
available, p* comparison between patients with no elective surgery and patients with tumor resection

Features All (No = 160) Operated (No = 62) Non-operated (No = 98) p*

No/D OS% 95% CI p No/D OS% 95% CI p No/D OS% 95%CI p

Total 160/16 90.0 84.2–93.7 – 62/2 96.8 87.7–99.2 – 98/14 85.7 77.0–91.3 – 0.026
Treatment eras 0.072 0.379 0.129
 1994–1999 40/7 82.5 66.7–91.3 15/1 93.3 61.3–99.0 25/6 76.0 54.2–88.4 0.191
 2000—2013 120/9 92.5 86.1–96.0 47/1 97.9 85.8–99.7 73/8 89.0 79.2–94.4 0.075

Age 0.479 0.598 0.663
 < 60 days 57/7 87.7 76.0–94.0 20/1 95.0 69.5–99.3 37/6 83.8 67.4–92.4 0.222
 60–365 days 103/9 91.3 83.9–95.4 42/1 97.6 84.3–99.7 61/8 86.9 75.5–93.2 0.064

Gender 0.190 0.196 0.338
 Males 85/11 87.0 77.8–92.6 34/2 94.1 78.5–98.5 51/9 82.4 68.8–90.4 0.126
 Females 75/5 93.3 84.7–97.2 28/0 100 – 47/5 89.3 76.2–95.4 0.077

Symptoms 0.070 0.386 0.371
 None 16/0 100 – 12/0 100 – 4/0 100 – NA
 Minor 35/1 97.1 81.4–99.6 18/0 100 – 17/1 94.1 65.0–99.2 0.304
 Major 109/15 86.2 78.2–91.5 32/2 93.8 77.3–98.4 77/13 83.1 72.7–89.8 0.155

Primary tumor sites 0.460 0.533 0.209
 Adrenal 106/12 88.7 80.9–93.4 52/2 96.2 85.5–99.0 54/10 81.4 68.3–89.6 0.019
 Other site 54/4 92.6 81.5–97.2 10/0 100 – 44/4 90.9 77.6–96.5 0.332

Tumor size 0.314 0.488 0.170
 < 5 cm 59/6 89.8 78.8–95.3 27/1 96.3 76.5–99.5 32/5 84.4 66.5–93.2 0.134
 ≥ 5 cm 28/5 82.1 62.3–92.2 13/0 100 – 15/5 66.7 37.5–84.6 0.025

IDRFs 0.401 NA 0.967
 Absent 56/4 92.9 82.1–97.3 29/0 100 – 27/4 85.2 65.2–94.2 0.033
 Present 42/5 88.1 73.7–94.9 8/0 100 – 34/5 85.3 68.2–93.6 0.263

Histology 0.009 0.858 0.019
 Unfavorable 6/2 66.7 19.5–90.4 1/0 100 – 5/2 60.0 12.6–88.2 0.502
 Favorable 67/3 95.5 86.8–98.5 31/1 96.8 79.2–99.5 36/2 94.4 79.6–98.6 0.636

MYCN status 0.006 0.747 0.009
 Normal§ 135/11 91.8 85.7–95.4 58/2 96.6 86.9–99.1 77/9 88.2 78.6–93.7 0.087
 Amplified 12/4 66.7 33.7–86.0 3/0 100 – 9/4 55.6 20.4–80.5 0.201

1p status 0.002 0.313 0.002
 Normal 97/7 92.7 85.3–96.5 42/1 97.6 84.3–99.7 55/6 89.0 77.1–94.9 0.115
 Deleted 24/7 70.8 48.4–84.9 11/1 90.9 50.8–98.7 13/6 53.9 24.8–76.0 0.059

DNA Index < 0.001 0.145 0.004
 Triploid 70/1 98.6 90.3–99.8 34/0 100 – 36/1 97.2 81.9–99.6 0.331
 Diploid/Tetraploid 36/7 80.5 63.3–90.2 16/1 93.8 63.2–99.1 20/6 70.0 45.1–85.3 0.082
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