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Abstract

Purpose This study aimed to evaluate the feasibility and safety of laparoscopic resection of abdominal neuroblastoma by
comparing operative and long-term oncologic outcomes between open and laparoscopic surgeries.

Methods This single-center retrospective study included patients who underwent laparoscopic tumor resection, between
January 2000 and June 2021, with a maximum tumor diameter of <60 mm and without image-defined risk factors (IDRFs)
at surgery. Data from 35 abdominal neuroblastoma resections were reviewed and compared between the laparotomy and
laparoscopic groups.

Results Nineteen patients underwent laparotomy and 16 had laparoscopic tumor resection. All laparoscopic surgeries
achieved complete resection without conversion to open surgery. Median blood loss was significantly lower in the laparo-
scopic group (0.6 mL/kg) than in the laparotomy group (8.4 mL/kg) (P <0.0001). There were two locoregional recurrences
in the laparoscopic group and two metastatic recurrences in the laparotomy group. Five-year overall survival was 93.8% in
both groups.

Conclusion Laparoscopic resection of abdominal neuroblastomas in children is a feasible and safe procedure for
tumors <60 mm in diameter with no IDRFs at surgery, with long-term outcomes equivalent to laparotomy.

Keywords Laparoscopy - Minimally invasive surgery - Neuroblastoma - image-defined risk factors - Tumor size - Long-

term outcomes

Introduction

Surgical resection of neuroblastoma plays an important role
in local control and the prompt transition to subsequent
treatments [1, 2]. As laparoscopic surgery is generally asso-
ciated with rapid recovery and is less invasive than lapa-
rotomy, laparoscopic neuroblastoma resection has gradually
become a common procedure [3, 4]. A few retrospective
studies have compared laparoscopic and open surgeries for
abdominal neuroblastomas in small cohorts [2, 5, 6], but the
backgrounds of the two groups differed in tumor size [5, 6].
Moreover, because most laparoscopic surgeries have been
performed in recent years with relatively shorter follow-up
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periods [2, 6], long-term oncologic outcomes cannot be vali-
dated precisely.

Since 2009, image-defined risk factors (IDRFs) have been
introduced by the International Neuroblastoma Risk Group
(INRG) Taskforce to predict the surgical risks of localized
neuroblastoma [7, 8]. It has been reported that neuroblas-
toma without IDRFs was associated with a significantly
lower risk of surgical complications [1, 9]; since there is
no encasement of vessels, tumor dissection from the sur-
rounding tissues can be performed using standard laparo-
scopic procedures. Beginning in January 2000, laparoscopic
resection of abdominal neuroblastoma has been performed
at our hospital. This is the first study to evaluate the feasibil-
ity and safety of laparoscopic resection of neuroblastoma,
by comparing operative and long-term oncologic outcomes
with open resection of neuroblastoma with the same tumor
characteristics.
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Methods

This was a retrospective study conducted at Osaka Women’s
and Children’s Hospital in Japan. In our hospital, the use of
the laparoscopic approach was determined by the attending
surgeons, taking into account the availability of staff expertise
for pediatric laparoscopic surgery. For tumors with a maxi-
mum tumor diameter of <60 mm and without image-defined
risk factors (IDRFs) at surgery, some attending surgeons
selected the laparoscopic approach for the neuroblastoma
tumor. Between January 2000 and July 2021, 34 children
underwent resection of abdominal neuroblastoma with a
maximum tumor diameter of <60 mm and no IDRFs at the
time of surgery. Laparoscopic resection of the neuroblastoma
was performed using three to five ports. Preoperative clini-
cal data and intraoperative and postoperative results of these
patients were retrospectively reviewed using medical charts.
Preoperative clinical data included tumor location, tumor size,
tumor volume, INRG staging system, and laparotomy history.
Tumor size was evaluated based on the largest diameter as
assessed using the latest preoperative computed tomography
(CT). The tumor volume was calculated based on the length,
width, and depth of the tumor from cross-sectional imaging
using the following formula to calculate ellipsoid volume:
7/6 X length X width x depth. IDRFs were defined according to
the original Monclair report published in 2009 [7]. According
to a new guideline for assessing IDRFs published in 2011 [10],
tumor contact with renal vessels is considered IDRF positive.
In the present study, tumor contact with renal vessels was con-
sidered IDRF-negative, and thus only tumor encasement of
renal vessels was considered IDRF-positive. Intraoperative and
postoperative outcomes included operative time, intraoperative
bleeding amount, need for blood transfusion, time to start post-
operative feeding, postoperative complications, and oncologic
outcomes, such as relapse and mortality. The clinical factors
and operative and oncologic outcomes of the laparotomy and
laparoscopic groups were compared.

Continuous data are expressed as medians with interquartile
range values. Group comparisons were analyzed using Fisher’s
exact test, Mann—Whitney U test, or Welch'’s ¢ test, accordingly.
Long-term results (disease-free survival, overall survival, and
locoregional recurrence) were analyzed using Kaplan—Meier
analysis and log-rank test. All analyses were performed using
GraphPad Prism 8 (GraphPad Software, Inc., San Diego, CA,
USA). Statistical significance was set at P <0.05.

Results
Within the 34-patient study group, there were 19 resections

performed by laparotomy and 16 resections performed
laparoscopically (one patient in the laparoscopic group had
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bilateral neuroblastomas). Comparisons of patient charac-
teristics between the laparotomy and laparoscopic groups
are shown in Table 1. There were no significant differences
between the laparotomy and laparoscopic groups in sex, age
at surgery, weight at surgery, history of surgery, primary
tumor site, the largest diameter of the tumor, tumor volume,
presence of contact with renal vessels, INRG staging system,
and INRG risk group. Neoadjuvant chemotherapy was per-
formed for nine patients in the laparotomy group and three
in the laparoscopic group. Three IDRF-positive cases (L2)
were effectively treated with neoadjuvant chemotherapy and
were found to be IDRF-negative at the time of surgery.

All patients in the laparoscopic group underwent com-
plete resection without open conversion. Comparisons of the
operative and oncologic outcomes between the laparotomy
and laparoscopic groups are shown in Table 2. The median
blood loss was significantly lower in the laparoscopic
group (0.6 mL/kg) than in the laparotomy group (8.4 mL/
kg) (P <0.0001). There were no significant differences in
the operative time and need for blood transfusions between
the laparotomy and laparoscopic groups. One patient in the
laparotomy group had an abdominal incisional hernia; how-
ever, no intra- or postoperative complications (greater than
Grade II severity, according to the Clavien—Dindo classifi-
cation) were observed in either group. The median time to
start postoperative feeding was significantly shorter in the
laparoscopic group (1 day) than in the laparotomy group
(2 days) (P=0.001). The median follow-up periods were
160 and 69 months in the laparotomy and laparoscopic
groups, respectively (P=0.053). During the follow-up
period, locoregional recurrence was observed in two cases
in the laparoscopic group. One local recurrence occurred
17 months after secondary resection for a contralateral
right tumor in a patient with bilateral neuroblastoma, and
one regional lymph node recurrence occurred 5 months after
surgery. There were two metastatic recurrences in the lapa-
rotomy group. Five-year overall survival was 93.8% in both
groups (P=0.759) (Fig. 1).

One patient in the laparotomy group died 13 months after
surgery due to intracranial hypertension caused by central
nervous system metastases. Another patient in the laparot-
omy group died 74 months after surgery due to fibrous peri-
carditis caused by treatment-related renal failure. In addi-
tion, one patient in the laparoscopic group died 10 months
after surgery due to pneumonia caused by chronic graft-
versus-host disease. All of these patients were classified into
the high-risk group. Patients in the very-low to intermediate-
risk groups, in both the laparotomy and laparoscopic groups,
were still alive at the last follow-up.
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Table 1 Patient characteristics

Laparotomy group (n=19) Laparoscopic group (n=16) P value
Sex (male/female) 13/6 8/7 0.369%
Age at surgery (months) 16 (10-22) 22 (10-45) 0.144°
Weight at surgery (kg) 10.6 (8.2-12.0) 10.2 (8.2-14.1) 0.389°
History of surgery Laparoscopic tumor biopsies: 2 Laparoscopic tumor resection: 1 0.347¢
open tumor biopsies: 2
Primary tumor site Left adrenal gland: 7 Left adrenal gland: 6 0.199%
Right adrenal gland: 5 Right adrenal gland: 9
Retroperitoneal space: 6 Retroperitoneal space: 1
Pelvic space: 1
Tumor maximum diameter (mm) 36.0 (30.0-50.0) 37.5(30.8-47.3) 0.974¢
Tumor volume (mL) 15.1 (3.7-30.3) 19.0 (7.4-31.7) 0.910¢
Contact with renal vessels 9 (47.4%) 8 (50.0%) 0.877%
INRG Staging System L1:10,L2:2, M:7 L1:12,1L.2:1,M:3 0.392%
Risk group of INRG Very low: 10 Very low: 11 0.390%
Intermediate: 3 Low: 1
High: 6 Intermediate: 2
High: 2
Neoadjuvant chemotherapy 9 (47.4%) 3(18.8%) 0.076*
Data are expressed as medians with interquartile ranges or n (%)
INRG International Neuroblastoma Risk Group
2Chi-square test
"Mann-Whitney’s U test
“Fisher’s exact test
dWelch’s 7 test
Table 2 .Surgical and Laparotomy group (n=19) Laparoscopic P value
oncological outcomes group (n=16)
Surgical outcomes
Operative time (min) 169 (140-200) 189 (132-225) 0.589%
Bleeding amount (mL/kg BW) 8.4 (3.4-12.9) 0.6 (0.4-2.1) <0.0001*
Required blood transfusion 3 (15.8%) 1(6.3%) 0.613°
Operative complications 1 abdominal incisional hernia 0 >0.999°
Time to start postoperative feeding (days) 2 (2-5) 1(1-2) 0.001*
Oncologic outcomes
Follow-up period (months) 160 (57-223) 69 (34-126) 0.053¢
Locoregional recurrence 0 2 (12.5%) 0.127¢
Metastatic recurrence 2 (10.5%) 0 0.188¢
Overall survival (5 years) 93.8% 93.8% 0.7594

Data are expressed as medians with interquartile ranges or n (%)
BW body weight
*Mann—Whitney U test
YFisher exact test
“Welch £ test
9Log-rank test
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Fig. 1 Kaplan—Meier survival curves for laparotomy and laparoscopic
groups. Symbols represent censored patients. Lap laparoscopic group,
Open laparotomy group

Discussion

Laparoscopic resection is not suitable for all abdominal
neuroblastomas, because achieving complete resection
is dependent on tumor size and relationship with the sur-
rounding organs and vessels. Our criteria for laparoscopic
resection were a tumor size <60 mm in its largest diameter
and no IDRFs at the time of surgery. Therefore, we selected
neuroblastoma cases using these criteria to compare the
operative and oncologic outcomes of the two different sur-
gical approaches.

Previous studies on laparoscopic resection for neuro-
blastoma have focused on the tumor size and the presence
of vascular encasement [2—-6, 9, 11, 12]. The maximum
tumor size that can be treated using laparoscopic excision
remains unclear. Laparoscopic surgery was thought to be
effective only for adrenal neuroblastomas with diameters
of <20 mm [11]. With improvements in surgical instruments
and clinical experience with laparoscopic surgery, the use
of this approach for neuroblastoma resection has gradually
increased. Some reports have supported laparoscopic exci-
sion for abdominal neuroblastomas of <40-60 mm [2-6,
9, 12, 13]. In this study, all patients underwent successful
laparoscopic resection with a tumor size <60 mm in its
largest diameter. These results are consistent with those of
previous studies. However, as Kawano et al. claimed that
tumor size was significantly related to patient height [4],
further study may be required to assess the consideration of
patient height as an indicator of tumor size and procedure
selection. Additionally, in this study, the maximum tumor
volume in the laparoscopic group was 63.5 mL. Gabra et al.
recently reported that tumor volume > 75 mL is a risk factor
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for conversion and complications according to the Interna-
tional Society of Pediatric Oncology Europe Neuroblastoma
Surgeons Group (SIOPEN) multicentric study of data for
patients with neuroblastoma who underwent laparoscopic
neuroblastoma resection between 2005 and 2018 [14]. These
findings support our results.

The primary indication for laparoscopic resection of
abdominal neuroblastomas may be the absence of vascular
encasement [2, 6, 9]. In the present study, although none
of the cases had IDRFs (vascular encasement) at surgery,
50% of the laparoscopic cases had tumor contact with the
renal vessels. As the laparoscopic group had no operative
complications, including renal infarction or open conversion,
contact of the tumor with renal vessels might be considered
as an inclusion criterion for the indication of laparoscopic
neuroblastoma resection. However, Tanaka et al. [9] demon-
strated that two of their five cases involving tumor contact
with renal vessels developed partial renal infarction, and the
other cases with deformation or subtotal encasement of the
inferior vena cava by the tumor resulted in open conversions.
Vascular encasement should be avoided for laparoscopic
neuroblastoma resection, however, a prospective study
is needed to determine the indication of the laparoscopic
approach in tumors with renal vessel contact.

In the present study, one patient in the laparoscopic group
had an IDRF (encasement of the renal artery) at diagnosis.
The disappearance of his IDRF was achieved with the use
of neoadjuvant chemotherapy. He safely underwent lapa-
roscopic resection with no intraoperative or postoperative
complications. However, it has been reported that Stage 1.2
tumors (IDRF present at diagnosis) may have a potential
risk for surgical complications, even after IDRF reduction
by neoadjuvant chemotherapy [14, 15]. Therefore, laparo-
scopic resection in these cases should be performed carefully
to avoid surrounding organ or vessel injury to structures
that may be adherent to the tumor due to chemotherapeutic
effects.

Our results demonstrated that the amount of bleeding
was significantly lower in the laparoscopic group than in the
laparotomy group. We theorize that dissection and the iden-
tification of vascular injury were performed more precisely
during laparoscopic surgery because of the laparoscope’s
magnification. Additionally, compression by pneumoperi-
toneum insufflation can minimize the oozing of blood. Our
data support the advantages of laparoscopic surgery in terms
of decreasing the amount of bleeding, as demonstrated by
Shirota et al. [2].

Another advantage of laparoscopic surgery may be its
reduced invasiveness and rapid recovery [3]. Our results
demonstrated a significantly shorter time to start postopera-
tive feeding in the laparoscopic group. Moreover, all patients
in the laparoscopic group started oral feeding within two
days after surgery. These results were supported by the
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previous study by Shirota et al. [2]. Motivated by these find-
ings, laparoscopic neuroblastoma resection may contribute
to the rapid transition to subsequent cancer treatment.

Two locoregional recurrences occurred in the laparo-
scopic group. One patient developed regional lymph node
recurrence five months after surgery, although there were
no swollen lymph nodes preoperatively. Meanwhile, local
recurrence occurred in a patient with bilateral neuroblastoma
and trisomy 2p at the secondary resection site 17 months
after laparoscopic tumor resection. Pederiva et al. reported
that bilateral neuroblastomas are extremely rare and are rep-
resented by synchronous primaries or contralateral metasta-
ses of a unilateral tumor [16]. When the contralateral right
tumor was a result of metastasis of the left tumor, it was
not considered local recurrence but metastatic recurrence.
Therefore, the main factors associated with local recurrence
could not be identified.

Strengths of this study include the reporting of data on
long-term outcomes. Since all patients in the very- low to
intermediate-risk groups were alive during the follow-up
period, outcomes in these risk groups may be excellent
regardless of the surgical approach. Also, in contrast to
previous comparative studies [5, 6], similar backgrounds in
terms of tumor size and IDRFs at surgery were assigned
to both groups in the present study. Moreover, the criteria
for laparoscopic neuroblastoma resection in our hospital are
considered appropriate and generally accepted according to
previous reports [2, 4-6, 9].

This study had some limitations, however. First, selec-
tion bias could not be excluded because of the single-center
retrospective design. Second, the number of patients in each
group was small. There were only six high-risk patients in
the laparotomy group and two in the laparoscopic group.
Therefore, further comparative studies between laparotomy
and laparoscopic approaches for abdominal neuroblastoma
in high-risk groups are required to better assess their long-
term outcomes.

Conclusion

In this study, complete laparoscopic resection of neuroblas-
toma was successful in all cases, without intraoperative and
postoperative complications or conversion to open surgery,
with less blood loss and a shorter time to start postopera-
tive feeding than laparotomy. We conclude that laparoscopic
resection of abdominal neuroblastomas in children is a feasi-
ble and safe procedure, with long-term outcomes equivalent
to those of laparotomy for the resection of tumors <60 mm
in diameter with no IDRFs at the time of surgery.
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