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Abstract

Purpose To explore the relationship between image-defined risk factors and surgical complications of localized
neuroblastoma.

Methods We retrospectively evaluated 84 patients who met the inclusion criteria at our hospitals between June 2014 and June
2019. Patients’ clinic data were collected and the common terminology criteria for adverse events were used to categorize
complications as major (grade 3—4) or minor (grade 1-2).

Results Four (11.8%) out of 34 stage L1 patients and 15 (30.0%) out of 50 stage L2 patients had surgical complications
(P < 0.05). Seventy patents underwent primary surgery, including all stage L1 patients and 36 stage L2 patients. There were
no significant differences between the two groups regarding surgical complications or major surgical complications. Among
stage L2 patients, 2 (5.6%) out of 36 who underwent primary surgery and 2 (14.3%) out of 14 who underwent secondary sur-
gery had major surgical complications (P < 0.05). Complete tumor resection was achieved in 18 (50%) and 7 (50%) patients
in each group (P > 0.05). The mean numbers of IDRFs were 2.06 and 4.29, respectively (P < 0.05).

Conclusions Localized neuroblastoma patients with IDRFs have a greater surgical risk. And the number of IDRFs is not

ignorable, especially in predicting major surgical complications.
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Introduction

Neuroblastic tumors (neuroblastomas, ganglioneuroblas-
tomas, and ganglioneuromas) are the commonest extrac-
ranial solid tumors that afflict children [1]. To develop a
consensus approach to pretreatment risk stratification, a
new international neuroblastoma risk group (INRG) stag-
ing system (INRGSS) was designed to stratify patients prior
to implementation of any treatment (including surgery) [1,
2]. Locoregional tumors are staged L1 or L2 based on the
absence or presence of one or more of 20 image-defined risk
factors (IDRFs), respectively. Stage M tumors refer to distant
metastatic disease (not contiguous with the primary tumor),
except when defined as stage MS. Stage MS tumors refer
to metastatic disease in patients younger than 18 months
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(547 days) with metastasis confined to the skin, liver, and/
or bone marrow (< 10% tumors) [2].

In 2005, the first Localized Neuroblastoma European
Study conducted by the European International Society of
Pediatric Oncology Neuroblastoma Group offered specific
surgical guidelines for the management of localized neuro-
blastoma. Surgical risk factors (which were adapted by the
INRG as IDRFs) were defined to avoid operations likely to
result in complications or gross residual disease. An attempt
at resection was recommended only if these factors were
excluded by preoperative imaging [3]. Later, other publi-
cations also reported that IDRFs can be used as an aid to
identify patients who are suitable for surgery as the first
treatment, hereafter termed primary surgery. The absence
of IDRFs (stage L1) would predict a low risk of surgical
complications and a high possibility of complete tumor
excision. In the presence of IDRFs (stage L2), the guideline
advised against primary surgery. In this situation, surgery
was to be limited to biopsy with the expectation of a more
safe and effective excision after neoadjuvant chemotherapy
[4-6]. However, Yoneda et al. reported that the surgical
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complication rate remained the same regardless of whether
neoadjuvant chemotherapy reduced the number of IDRFs
or not [7]. Simon et al. found that the presence of IDRFs
did not indicate unresectability and could not improve the
predicted outcome of localized neuroblastoma [6]. Fumino
et al. also proposed that IDRFs may overestimate the sur-
gical risks, leading to unnecessary chemotherapy and pro-
longed stay in hospital [8].

Thus, the role of image-defined risk factors in predicting
surgical complications of localized neuroblastoma is still
controversial.

Materials and methods

Ethical approval was obtained from the Ethics Boards of
Shanghai Children’s Hospital. We retrospectively evaluated
171 patients diagnosed with neuroblastomas at our hospitals
in China between June 2014 and June 2019. Among them,
84 patients with localized neuroblastoma met our inclusion
criteria: image data were available at diagnosis and before
surgery; radical surgery was performed at our hospital to
obtain information about the surgery. The flow chart of
patient selection in the present study is shown in Fig. 1.
One pediatric surgeon and one pediatric radiologist at our
hospital evaluated all images directly. We assessed IDRFs
both at diagnosis and preoperatively on contrast-enhanced
computed tomography scan and added magnetic resonance
imaging information if necessary. The IDRFs were defined
according to the new guideline published in 2011 [2].
According to the treatment regimen for neuroblastoma in
our hospital, localized patients are divided into low-risk,
middle-risk and high-risk group based on age, MYCN sta-
tus, and INSS stage. Middle-risk group and high-risk group
patients received chemotherapy before or after surgery. And
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the surgeon decided when to surgery according to imaging
characteristics of tumors. The operations were performed by
the chief surgeons of the Departments of General Surgery,
Cardiothoracic Surgery, or Neck Surgery depending on the
primary site of the tumor. Common terminology criteria
for adverse events were used to categorize complications
as major (grade 3—4) or minor (grade 1-2) [9]. Complete
surgical resection was defined as no visible/palpable disease
which was determined by the individual operating surgeon
and noted in the surgical checklist.

Descriptive statistics were reported as absolute frequen-
cies and percentages for qualitative variables or medians and
ranges for continuous variables. All statistical analyses were
performed using Stata version 20.0 (StataCorp LP, College
Station, TX, USA). Analysis items with a P value of <0.05
were considered statistically significant.

Results

Eighty-four patients were enrolled in the present study.
The background characteristics of these patients are shown
in Table 1. The median age was 40 months (range 1-226)
and more than 75% of them were younger than 60 months.
Thirty-four and 50 patients were diagnosed with stage L1
and stage L2 disease, respectively. Among the patients with
stage L2 disease, 36 underwent primary surgery and 14
received neoadjuvant chemotherapy. The most often occur-
ring complication was chyloabdomen or chylothorax in six
patients (four in stage L2 patients who got primary surgery,
two in stage L2 patients who got secondary surgery), then
Horner syndrome in five patients (three in stage L2 patients
who got primary surgery, two in stage L1 patients), pneumo-
thorax in four patients (2 in stage L1 patients, 2 in stage L2
patients who got primary surgery), injury of the renal blood
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Fig. 1 Flowchart of patient selection in the present study
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Table 1 Distribution of
patients’ characteristics

Items

Results

Items

Results

Gender (cases)
Age (months), median (range)
Site, n (%)
Neck
Cervicothoracic junction
Thorax
Abdomen and pelvis
INRG stage, n (%)
L1
L2
MYCN status
Amplification
No amplification

M (n=40); F (n=44)
40 (1-226); 75% < 60

4 (4.8)
2(2.4)
30 (35.7)
48 (57.1)

34 (40.5)
50 (59.5)

34 (40.5)
4(0.5)

Complications, n

Chyloabdomen or chylothorax
Horner syndrome
Pneumothorax

Injury of the renal blood vessels
Injury of the inferior vena cava
Paralysis

Pathology, n (%)

Neuroblastoma
Ganglioneuroblastoma

Ganglioneuroma

Major/minor
0/6
0/5
0/4
2/0
1/0
1/0

44 (52.4)
32(38.1)
8(9.5)

vessels in two patients (one in stage L2 patients who got
primary surgery, another one in stage L2 patients who got
secondary surgery), injury of the inferior vena cava in one
stage L2 patients who got secondary surgery, and paralysis
in one stage L2 patient who got primary surgery.

We categorized the patients into different groups
(Table 2). Out of 84 patients with local neuroblastoma, 19
(22.6%) patients had surgical complications. Patients with
stage L2 disease were likelier to have surgical complications
than those with stage L1 disease, and the difference was
statistically significant. However, there were no significant
differences in the distribution of major surgical complica-
tions. Among them, 70 patents underwent primary surgery,
including all patients with stage L1 disease and 36 patients
with stage L2 disease. There were no significant differences
between the two groups regarding surgical complications or
major surgical complications.

Among 50 patients with stage L2 disease, 36 underwent
primary surgery and 5.6% of them had major surgical com-
plications. The remaining patients underwent secondary sur-
gery and 14.3% of them had major surgical complications.
Between these two groups, there was a significant difference
in the distribution of major surgical complications but not
surgical complications.

Subsequently, we divided patients with stage L2 disease
into two groups (Table 3). One group underwent primary
surgery while the other underwent secondary surgery. Com-
plete tumor resection was achieved in 50% of patients in
each group, with no statistically significant difference. The
mean numbers of IDRFs were 2.06 for patients who under-
went primary surgery, and the mean numbers of IDRFs were
4.29 before neoadjuvant chemotherapy for patients who
underwent secondary surgery, with a significant difference
(P <0.05)

Table 2 Distribution of complications of radical surgery (surgery for treatment, not diagnosis)

No complications® Complications Total P value No major Major complication Total P value
complica-
tion
INRG, n (%) L1 30 (88.2) 4(11.8) 34 (100) 0.043 34 (100) 0(0.0) 34 (100) >0.05
L2 35 (70.0) 15 (30.0) 50 (100) 46 (92.0) 4 (8.0) 50 (100)
Total 65 (77.4) 19 (22.6) 84 (100) 80 (95.2) 4(4.8) 84 (100)
INRG®, 1 (%) L1 30 (88.2) 4(11.8) 34 (100) >0.05 34 (100) 0(0.0) 34 (100) >0.05
L2 25 (69.5) 11 (30.5) 36 (100) 34 (944) 2(5.6) 36 (100)
Total 55 (78.6) 15 (21.4) 70 (100) 68 (97.1) 2(2.9) 70 (100)
INRG L2, n (%)
Primary surgery 25 (69.4) 11 (30.6) 36 (100) >0.05 34 (94.4) 2(5.6) 36 (100) 0.031
Secondary surgery 10 (71.4) 4 (28.6) 14 (100) 12 (85.7) 2(14.3) 14 (100)
Total 35 (70.0) 15 (30.0) 50 (100) 46 (92.0) 4(8.0) 50 (100)

4Complications referred to major and minor surgical complications

®INRG L2 patients who underwent primary surgery
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Table 3 Distribution of extent

Primary surgery Secondary surgery Total P value
of surgery and the number of
IDRFs among patients with Complete resection, n (%) 7 (50) 18 (50) 25 (100) >0.05
stage L.2 neuroblastoma Incomplete resection, n (%) 7 (50) 18 (50) 25 (100)
Total, n (%) 14 (100) 36 (100) 50 (100)
Mean number of IDRFs 2.06 4.29 0.000

Discussion

In our study, the surgical complication rates were 11.8%
and 30% among patients with stages L1 and L2 disease,
respectively. These results are similar to the respective rates
of 15.5% and 33.3% reported by Yoneda et al. [10]. Another
study that emanated from Germany reported respective
rates of 14.5% and 26.6% [6]. We excluded 14 patients with
stage L2 disease who received neoadjuvant chemotherapy,
and found surgical complication rates of 30.5% and 11.8%
among the remaining patients with stages L2 and L1 disease,
respectively (P > 0.05). This suggests that the presence or
absence of IDRFs may not indicate foolproof safe surgery.
To date, most pieces of evidence suggest that stage
L1 tumors could be safely resected and that for others, a
decrease in IDRFs along with shrinkage after chemotherapy
can predict better rates of resection and lower complica-
tion rates [3-5, 11]. Irtan et al. reported that the degree of
decrease was greater for patients with stages M and MS dis-
ease (61.5%) than for patients with stage L2 disease (38.5%)
[12]. However, we found that there were no significant dif-
ferences regarding surgical complications or major surgi-
cal complications between stage L1 patients and stage L2
patients who got primary surgery. Besides, secondary sur-
gery was more prone to major surgical complications for
stage L2 patients, which indicates that not only the presence,
but the number or type of IDRFs may matter. Consistent
with our hypothesis, the mean numbers of IDRFs were 2.06
and 4.29 before neoadjuvant chemotherapy, respectively,
among patients who underwent primary and secondary sur-
gery, with a significant difference. There was no significant
difference in the correlation of each IDRF and the occur-
rence of surgical complications. However, Zhang et al. found
that not all IDRFs are of equal importance. It was less likely
to perform complete resection of the tumor with respect to
the following IDRFs: compressed trachea, encased aorta,
intraspinal tumor extension, encased celiac axis, and encased
superior mesenteric artery [13]. However, the authors did
not assess the surgical complications. We found that there
was no significant difference in the extent of tumor resection
between the two groups. A significantly negative correla-
tion between the number of IDRFs after neoadjuvant chem-
otherapy and the possibility of complete tumor resection
was mentioned in other reports [13, 14]. The difference may
be due to the different extents of tumor resection [13-15].

@ Springer

Avanzini et al. analyzed the results of the SIOPEN study
among patients with stage L2 disease and found complete
resection was more successful among children who had dis-
appearance or numerical decreases in IDRFs [16].

The INRG staging system was established by the INRG
task force in 2009 [1, 17]. In 2011, a new guideline for
assessing IDRFs was published [2]. According to the new
guideline, the situation in which “the tumor is only in con-
tact with renal vessels” should be considered as “IDRF
present”; previously, this was diagnosed as “IDRF absent”.
According to the study conducted by Yoneda et al., the new
guideline increased the ratio of IDRF-present patients from
31 to 71% and improved its sensitivity but reduced the speci-
ficity and accuracy. Although the presence of IDRFs after
the new guideline was significantly associated with surgical
complications, a considerable number of patients with stage
L2 disease had undergone chemotherapy after application
of the new guideline, who could have safely been cured
by surgery alone. The authors also found that preoperative
chemotherapy did not decrease the frequency of surgical
complications among patients [10].

The SIOPEN infant neuroblastoma study reported that
35-40% patients could experience a decrease in IDRFs after
neoadjuvant chemotherapy. Another study reported a rate of
decrease of 60%. Only 27% of patients with stage L2 tumors
had no IDRFs after preoperative chemotherapy [7, 17].
Thus, patients with stage L2 tumors may have a potential
risk for surgery even after neoadjuvant chemotherapy [18].
Also, some aspects of the operation only become obvious
during the procedure, despite meticulous preoperative evalu-
ation [19]. Further, Monclair et al. conducted a study of 243
patients with stage L2 disease without MYCN amplifica-
tion. The authors found 5-year event-free survival (EFS) and
5-year overall survival (OS) rates of 86% and 95%, respec-
tively, among 118 patients who underwent primary surgery,
which were significantly better than the rates found among
patients who did not undergo primary surgery (73% vs 83%,
respectively) (P <0.0025), 106 of whom received neoadju-
vant chemotherapy. The authors doubted that patients with
stage L2 disease who underwent primary surgery would
have fared better with neoadjuvant chemotherapy. They also
found that patients who underwent primary surgery had sig-
nificantly fewer IDRFs and significantly lower International
Neuroblastoma stage 3 disease than patients with stage L2
disease who underwent neoadjuvant chemotherapy [20].
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A limitation of our study was that it was a retrospective
study conducted at a single institution in a developing coun-
try with a relatively small study population. A multicenter
and prospective trial with a larger study population is needed
to verify the value of IDRFs.

Conclusions

Surgery remains the mainstay of treatment for pediatric
neuroblastomas; however, every effort should be made to
plan a safe and effective operation. Localized neuroblastoma
patients with IDRFs have a greater surgical risk. And the
number of IDRFs is not ignorable, especially in predicting
major surgical complications. For some part of stage L2
patients, the number of the IDRFs may play a more impor-
tant role in the treatment regime.
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