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Abstract Numerous studies have shown that for optimal
survival in localized International Neuroblastoma Staging
System stage 1-3 neuroblastoma, complete tumour resec-
tion (CR, macroscopic total tumour removal) is usually
mandatory. In contrast, it is conceivable that in stage 4
disseminated disease, less extensive surgery [gross total
resection (GTR), >95 % tumour removal] may suffice.
This review shows substantial survival benefit in studies
reporting on stage 4 patients undergoing CR, but also in
studies reporting on patients undergoing GTR. Comparison
between these studies is severely hampered by treatment
heterogeneity. We found only four studies that explicitly
compared survival between patients undergoing either CR
or GTR. Two of these studies showed favourable results for
patients treated with CR, while the other two did not show
differences in survival.
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Introduction

Over the years, the contribution of surgery towards survival
of International Neuroblastoma Staging System (INSS)
stage 1, 2 and 3 patients has become apparent [1-6]. Since
tumours in these stages are still localized, it is comprehen-
sible that this approach may lead to optimal survival. In
contrast, the optimal level of surgery in stage 4 (dissemi-
nated) tumours is subject of discussion. Due to the metastatic
nature of this stage some experts postulate that local control
by means of complete resection may not improve survival—
or may even be detrimental—and less extensive surgery,
combined with other therapies, may suffice. In publications
focussing on this matter, survival following a certain level of
excision is usually compared with survival following all less
radical surgery, often including biopsies. This obviously
blurs the interpretation of these observations. It seems more
logical to compare a true radical resection with a narrowly
irradical resection, a situation resembling the actual situa-
tion in the OR more closely. In order to explore this matter
more deeply, we particularly searched for manuscripts
comparing survival after true complete resection [gross
complete resection (CR), total macroscopic tumour
removal] with survival after moderately less extensive sur-
gery [gross total resection (GTR), >95 % tumour removal].

Methods

PubMed was searched using MeSH heading Major
Topic “neuroblastoma” with subheading “surgery” AND
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(stage IV OR stage 4). This was compared with the
following set of search terms: Neuroblastoma AND
(surgery OR surgical OR resection OR excision) AND
(stage IV OR stage 4 OR high-risk) AND (survival OR
mortality). Field: title/abstract. Article in English. The
latter search strategy provided a wider palette of publica-
tions, encompassing the publications retrieved with the
former search strategy, and was used in this review.

We found 172 articles. The title and abstracts were
thoroughly screened and papers focussing on the influence
of the extent of surgery on survival in stage 4 neuroblas-
toma were selected and studied in detail. Only manuscripts
that explicitly described the degree of surgical resection
were considered eligible. Finally, 20 articles were included.

Surgery for neuroblastoma
INSS and surgical terminology

Since the INSS was introduced in 1988 a complete gross
resection (CR), as distinct from incomplete resection (IC),
is defined as the macroscopic total removal of all visible
tumour and nearby abnormal lymph nodes. The presence or
absence of residual microscopic tumour is not counted in
the terms of complete gross resection [7]. Because com-
plete gross excision is often difficult to obtain, some
authors added the term near-complete excision [8]. This is
defined as excision of the tumour leaving a minimal mac-
roscopic residue. Others have proposed an additional sub-
division of excisions, namely gross total resection (GTR;
removal of more than 95 % of the visible tumour), subtotal
resection (STR; removal of more than 50 % but less than
95 %) and less than STR (removal of less than 50 %) and a
biopsy [9, 10]. This multitude of surgical terms was
recently discussed by Kubota [11] and is summarized in
Table 1. In this manuscript we use the INSS definition for
CR (total macroscopic tumour removal), while GTR is
defined as >95 % removal of all macroscopic tumour. The
extent of the resections in the reviewed articles was judged
accordingly and terminology was adjusted if necessary.

INSS stage 1-3

The important role of radical surgery in the treatment of
localized stage 1-3 neuroblastoma is nowadays widely
acknowledged [1-6] and will not be further addressed in
this review.

INSS stage 4

Several reports aimed at determining the optimal level of
surgery in stage 4 patients have been published. Of the 20
studies reviewed in this article, in 16 complete resection
was attempted (Table 2a, 3rd column), whereas in four the
authors tried to achieve gross total excision (Table 2b, 3rd
column). In ten of these studies the authors eventually
consider themselves in favour of GTR, while in ten CR is
advocated as the procedure of choice (Table 2a, b, 6th
column).

CR versus GTR

In most studies either CR or GTR was compared to patients
undergoing all less extensive surgery. Because this may
have resulted in the inclusion of patients with substantial
tumour remnants, bias may occur. Only four studies we
found explicitly compared survival after CR to survival
after GTR (Table 2a, 5th column). In one of those studies a
significant survival benefit for CR over GTR was demon-
strated. Another study also showed a survival benefit for
CR, but this was not significant. The other two studies
showed no differences in survival following CR or GTR.

Studies favouring CR

Based on a series of 36 operated patients Le Tourneau et al.
postulated that CR in stage 4 patients may contribute to
prolonged survival, although survival did not significantly
differ from patients undergoing less extensive surgery. The
authors stress that metastatic control is more important than
the level of surgery and is probably essential for optimal
survival [12]. Haase reported a significant survival and

Table 1 Terminology related

. Level of resection
to the degree of the surgical

Resectability

resection Complete gross resection (CR)
Near-complete gross resection
Gross total resection (GTR)
Incomplete resection

Subtotal resection (STR)

Less than STR

Macroscopic total removal of all visible tumour and nearby
abnormal lymph nodes

Resection of tumour leaving a minimal macroscopic residue

Removal of >95 % of the visible tumour

Removal of >50 % but <95 % of the visible tumour

Removal of <50 % of the visible tumour
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Table 2 Studies reporting on operated stage 4 patients in whom either complete gross resection (CR) or gross total resection (GTR) was

attempted
Publication Number of Intended level of Improved survival Improved survival Supported
operated surgery (achieved compared to all less of CR explicitly type of
patients percentage between extensive surgery compared to GTR surgery
brackets)

a. Complete gross resection (CR)
Haase et al. [3] 52 CR? Yes (S) ND CR
Chamberlain et al. [15] 28 CR (46 %) Yes (S) ND CR
Kuroda et al. [16] 24 CR* Yes (S) ND CR
Browne et al. [30] 30 CR (63 %) Yes (NS) ND GTR
Sultan et al. [20] 291 CR (58 %) Yes (S) ND CR
Escobar et al. [21] 104 CR (50 %) Yes (S) ND CR
La Quaglia et al. [18] 70 CR® (56 %) Yes (S) ND CR
La Quaglia et al. [19] 141 CR® (73 %) Yes (S) ND CR
Adkins et al. [14] 468 CR (45 %) Yes (NS) Yes (NS) CR
Koh et al. [17] 26 CR (38.5 %) Yes (S) Yes (S) CR
Shorter et al. [26] CR No No GTR
Castel et al. [9] 71 CR (55 %) No No GTR
von Allmen et al. [27] 69 CR*" No ND GTR
von Schweinitz et al. [6] 791 CR (59 %) No ND GTR
Kiely et al. [25] 75 CR (75 %) No ND GTR
Le Tourneau et al. [12] 36 CR (33 %) No ND CR

b. Gross total resection (GTR)
Kaneko et al. [24] 10 GTR (70 %) Yes (NS) ND GTR
Matsumura et al. [28] 214 GTR (64 %) Yes (NS) ND GTR
Tsuchida et al. [29] 92 GTR (79 %) Yes (S) ND GTR
McGregor et al. [10] 107 GTR (77 %) No ND GTR

In the 4th column, the survival of patients undergoing the intended level of surgery is compared to patients undergoing all less extensive surgery.
In the 5th column, if applicable (indicated by bold letter type), survival after CR is compared to GTR

ND not determined, S significant, NS not significant
# Percentage cannot be determined
° CR according to INSS, the term GTR is used in the publication

disease free survival benefit 3 years after CR compared to
less extensive surgery, but survival percentages were not
separately mentioned in this manuscript [13]. In a large
study by the same group, Adkins et al. found that complete
resection was possible in 27 %. This increased to 45 %
when surgery was preceded by chemotherapy. CR led to
significantly improved 5-year event-free survival when
compared to less extensive surgery (26 vs. 19 %) [14].
Chamberlain studied 28 patients and concluded that com-
plete surgical resection resulted in a clear survival benefit
over less radical surgery. The 3-year survival was reported
to be 40 and 15 %, respectively [15]. A Japanese study
described a series of patients—twenty-four at stage 4 and
nine at stage 3. Total excision was defined as excision free
of macroscopic residual tumour and can be considered
identical to CR according to the INSS. Almost 52 % of the
patients undergoing CR reached a disease free survival of
over 5 years. The four patients with residual disease all

died [16]. These results have to be interpreted with caution
because they are derived from both stage 3 and stage 4
patients. From another study of 26 patients, it was con-
cluded that complete surgical resection, defined by the
authors as the absence of microscopic residual disease,
leads to significant survival benefit. CR was achieved in 10
children (38.5 %). In this group the 5-year survival rate
was 65 % compared with 0 % in the group with residual
tumour mass [17]. La Quaglia [18] demonstrated a clear
survival benefit in 39 patients undergoing CR in 1994.
Notably, in this study actually the term GTR was used.
GTR was defined as removal of all visible and palpable
tumour from the primary site and regional lymphatics. This
is the same definition used by the INSS for complete
resection [7] and therefore the level of surgery was con-
sidered to be CR in this review. In a more recent study by
the same team the survival benefit in patients undergoing
CR was reconfirmed. CR was accomplished in 73 % and

@ Springer



956

Pediatr Surg Int (2012) 28:953-959

led to increased overall survival. Fifteen years after surgery
50 % of patients treated with CR was still alive, compared
to 10 % of the patients who did not undergo CR [19]. In an
article analysing 291 stage 4 patients, Sultan demonstrated
that CR could be achieved in 58 %. The 5-year survival
estimate was 53.2 % compared to 35.7 % in patients who
did not undergo CR (significant difference) [20]. A study
by Escobar of 104 operated patients also favours CR,
showing significant survival benefit [21]. In two other
publications CR was advocated as well, but survival data
were not explicitly reported [22, 23].

Studies favouring GTR

Other studies show no improvement in survival following
CR when compared to less extensive surgery [6, 9, 24-27]
(Table 2a, 4th column). Based on data from the late sev-
enties and early eighties, Shorter concluded that CR is not a
prerequisite for optimal treatment of stage 4 neuroblastoma
[26]. Following incomplete resection, survival rates were
even better than after CR with a 4-year survival of 45 and
15 %, respectively. The authors hypothesized that the
biological characteristics of the tumour, rendering them
favourable or unfavourable, were far more important
prognostic markers than the extent of the resection. Like-
wise, based on a small series, Kiely [25] suggested that
incomplete excision may be enough and that more exten-
sive surgery does not necessarily prolong survival. From a
series of 71 procedures, Castel reported no differences in
event-free 5-year survival between patients undergoing
various levels of resection. The only significant difference
in survival was found when these patients were compared
to patients solely undergoing biopsy [9]. Event-free 5-year
survival rates were 0 % for children having biopsy only,
25 % for resection of less than 50 % tumour mass, 31 %
for 50-90 % resection, 44 % for >90 % resection and
33 % for complete resection. The authors conclude that the
final outcome is determined more by metastatic relapses
than by the degree of resection. von Allmen et al. show
similar results. In that study the term GTR was used, but
this was identical to the definition of complete resection
used by the INSS. Seventy-six patients underwent surgery.
Seven patients had stage 3 neuroblastoma and 69 suffered
from stage 4 disease. Unfortunately, the reported survival
was pooled for both groups. The authors were able to
achieve CR in 63 % of the patients, while >90 % resection
could be achieved in 16 % and 50-90 % resection was
achieved in 8 %. Local recurrence occurred in patients
undergoing less extensive surgery, but not in patients
undergoing CR. Event-free and overall survival (60 %)
were not influenced by the extent of resection [27]. von
Schweinitz showed that CR was a prerequisite for pro-
longed event-free survival in localized disease (stages 1-3).
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In contrast, survival in stage 4 patients did not diminish
after incomplete resection compared with CR [6]. Here too,
the authors conclude that incomplete resection may be
feasible and that risky complications can be avoided.

These results support the vision of authors who consider
GTR to be an adequate level of surgery for stage 4 tumours
(Table 2b). In a large study Matsumura reported that
removal of approximately 100 % of the tumour (which can
be interpreted as GTR by INSS standards) can only lead to
a slightly improved survival (not significant) when com-
pared with less radical resection. The authors found reso-
lution of metastases to be far more important [28]. In
addition, the Study Group of Japan for Treatment of
Advanced Neuroblastoma concluded that GTR (defined as
>98 % removal of tumour in that study) resulted in lower
local recurrence rate and better survival than partial
resection. Two-year survival was 59 and 47 %, respec-
tively [29]. A publication by Browne, primarily aimed at
accomplishing CR, showed a lower metastatic recurrence
rate following CR compared to incomplete resection and
better survival (68 vs. 55 %, respectively), but this was not
significant and may have been caused by differences in
tumour biology or undetected micrometastasis in the bone
marrow. No differences in local control were found. The
authors state that aggressive surgical resection, including
removal of organs, is no longer necessary due to improved
medical therapies [30]. Likewise, Kaneko postulated that
highly extensive surgery may not be required due to better
pre-and postoperative chemotherapy protocols [24]. In ten
operated patients the 5-year overall and relapse-free sur-
vival was 56 and 46 %, respectively. In all but one no CR
was performed. Instead, seven of the patients underwent
GTR, while in two gross macroscopic residual was left.
Although not enough patients undergoing CR were avail-
able to make a comparison with GTR in this study, it
indicates that substantial survival can be achieved if
tumour mass is left behind after surgery. Contrary to these
positive results, we found one study that demonstrated no
difference in survival following GTR or following less
extensive surgery [10].

Discussion

The optimal extent of surgery in INSS stage 4 patients is still
a matter of debate. Since tumours in this stage are no longer
localized, some have postulated that local control by com-
plete resection may not be necessary for optimal survival and
less extensive surgery (GTR) may suffice. In ten of the 20
studies included in this review, the authors eventually seem
in favour of GTR, while the other ten articles advocate CR as
the procedure of choice, clearly depicting the present lack of
consensus (Table 2a, b, 6th column). Indeed, supporters of
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both CR and GTR claim good results. Nonetheless it is
should be noted that in this review in 50 % of the articles
focussing on CR a significant improvement in survival
compared with less extensive surgery was shown (Table 2a,
4th column). In the papers focussing on GTR this was only
reportedin 25 %, but the number of articles in the GTR group
is obviously too small to draw conclusions (Table 2b, 4th
column). Still, the possibility that this means that CR may be
advantageous over GTR has to be acknowledged. On the
other hand, a substantial number (38 %) of papers describing
the effects of CR on survival reports no improvement com-
pared to less extensive surgery at all [6, 9, 25-27] (Table 2a,
4th column). Of the four publications that explicitly make a
comparison between CR and GTR [9, 14, 17,26] a significant
survival benefit (for CR) was shown in one case only
(Table 2a, Sth column) [17]. Therefore, at present no definite
conclusions can be drawn on the optimal extent of surgery.

This inconsistency can partly be attributed to the lack
of a universal tumour staging system and to the diversity
in surgical terminology before the INSS was introduced in
1988 [7]. The analysis and comparison of literature pub-
lished before this date is therefore challenging. But even
articles using the INSS are difficult to interpret. With the
introduction of the International Neuroblastoma Risk
Group (INRG) Classification system in 2009, finally a
consensus approach for pre-treatment risk stratification
has been developed [31] and this will make future com-
parison less complicated. Currently, most studies are
retrospective and in many cases patient numbers are
small, making reported statistical differences occasionally
questionable. In several studies the results may have been
contaminated by pooling patients with INSS stage 3 and 4
tumours and determining survival rates for these groups
as a whole [13, 16, 27, 32]. Moreover, in spite of the
adoption of the INSS, the definition of CR is still not
always correctly applied [18, 19, 27] and the proposed
subdivision of the extent of surgery [9, 10]—including
GTR—is not universally used. In some of the studies that
supposedly do seem to use the terms GTR or CR cor-
rectly, the actual level of excision is not described, so
inaccuracies cannot be excluded. In addition, the com-
parison of literature is hampered by the fact that treatment
for stage 3 and 4 neuroblastoma is multidisciplinary.
Various and continuously changing chemotherapy and
irradiation regiments are used and this may obscure the
effects of surgery on overall survival. Surgeon-dependent
factors, such as experience and skills, and the chosen
surgical approach are presumably also of importance. The
timing of the surgery itself, which varies considerably
between studies, could influence survival as well. More-
over, it cannot be excluded that selection bias has
occurred in the comparative studies that we reviewed. It is
possible that CR was attempted in patients with a better

overall condition and that, in an effort to reduce the risks
of surgery, patients in a more incapacitated state under-
went GTR or incomplete resection. Furthermore, in the
majority of the studies that compare various levels of
surgery only two groups are studied: patients undergoing
the most extensive type of surgery and the remainder of
the patients undergoing less aggressive surgery. The
second group is obviously very heterogeneous and could
contain patients with abundant tumour load. As a conse-
quence, the favourable results of the group undergoing
extensive surgery may be relatively exaggerated. Finally,
the presence or absence of unfavourable tumour charac-
teristics could obscure the relevance of the surgical pro-
cedures. Due to variation in histological and biological
features the prognosis of seemingly comparable tumours,
both in mass and in growth, can differ dramatically. In
addition, these tumour characteristics may influence the
operative method that is chosen, thus resulting in selec-
tion bias. In this respect it is for instance conceivable, as
suggested by von Schweinitz [6], that GTR may be
suitable for stage 4 disease if MYCN is not amplified but
that complete excision may be beneficial in case of
MYCN amplification. However, important prognostic
data, such as the MYCN amplification and the Shimada
histology [33, 34] were either not determined or not
incorporated in the results of most studies.

The question whether survival is determined more by
recurrence of locoregional disease or by recurrent metas-
tases cannot be answered definitely due to the lack of rel-
evant data on this subject. However, several authors do
report that the final outcome of high-risk neuroblastoma
patients is more related to the evolution of metastases than
to the extent of resection [9, 27, 28, 30]. Because it is
conceivable that, compared to GTR, CR may not only lead
to higher peri-operative morbidity and mortality, but also
to more late complications (such as renal failure or chronic
diarrhoea) [25] this is an important issue to address.
Interestingly, a recent large study suggests that the degree
of resection may not be related to the rate of complications.
The complication rate in high-risk patients was reported to
be 29, 38 and 36 % in complete resections, minimal
residual resections and partial resections, respectively [14].
Nevertheless, it is comprehensible that GTR is technically
easier to accomplish than CR. If GTR can be considered an
adequate level of resection in stage 4 disease, this could
lead to an increase in the percentage of successfully per-
formed operations. In fact, one study showed that even
after initial radiation therapy in 66 % of the patients a GTR
could be achieved, whereas in patients not treated with
radiation GTR was possible in 89 % [35]. This matches
with the observation that in the manuscripts reviewed here
the percentages in which GTR was successfully obtained
tend to be higher than the percentages in which CR could
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be accomplished (mean 73 and 54 %, respectively,
Table 2a, b, 3rd column).

We conclude that, based on the heterogeneity in treat-
ment modalities and differences in diagnostics, a true
comparison of the effect of surgery on survival between the
present studies on this matter is severely hampered. Only
four publications explicitly make a comparison between
CR and GTR, while keeping other variables stable. A
significant survival benefit (for CR) was shown in one case
only. The comparison of the other studies in this review
should be interpreted with caution. It is obvious that
additional research is necessary. With the development of
uniformly applied treatment protocols the opportunity to
study the effects of surgery, independently of other factors,
has finally emerged. In 2010 in The Netherlands, the Dutch
Childhood Oncology Group (DCOG) NBL 2009 Treatment
Protocol, which is based on the GPOH (Gesellschaft fiir
Pédiatrische Onkologie und Hématologie) NB2004 High-
risk Protocol, was adopted. Imaging techniques are
becoming increasingly important in staging of neuroblas-
toma [36]. In the DCOG HR neuroblastoma patients, we
will perform preoperative imaging by MRI and digital
postoperative photographs of the operation field. In this
way, all image defined risk factors can be determined and
the digital photographs will be reviewed by a board of
surgeons to definitively define the ultimate level of resec-
tion. This will be done in a prospective study, so we will
hopefully be able to compare outcome of surgery with
preoperative IRDS and biological characteristics such as
MYCN-status, histology and ploidy.

Open Access This article is distributed under the terms of the
Creative Commons Attribution License which permits any use, dis-
tribution, and reproduction in any medium, provided the original
author(s) and the source are credited.
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