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ABSTRACT

Purpose of the study. Was to analyze our experience of surgical treatment of retroperitoneal neuroblastoma in children and
the influence of radical surgical treatment on the disease outcomes.

Materials and methods. The study included 35 patients (14 girls and 21 boys, mean age 3.3 years) receiving treatment for
retroperitoneal neuroblastoma at the Department of Pediatric Oncology, National Medical Research Centre for Oncology,
in 2016-2018. 32 patients underwent surgical treatment. The disease progression during neoadjuvant polychemotherapy
was registered in 3 patients. Initially, surgery was performed in 5 patients; the rest of the patients underwent percutaneous
trepan biopsy with immunohistochemical testing and subsequent neoadjuvant polychemotherapy. No patients developed
complications in the early postoperative period.

In the article, we present our experience in the surgical treatment of pediatric patients with retroperitoneal neuroblastomas.
Results. Patients have been observed during 12 to 24 months. 23 of 28 radically operated patients are alive and have no signs
of the disease recurrence or progression. 2 patients developed tumor recurrence and received anti-recurrence PCT and DGT.
Currently the patients are in remission. 3 patients showed systemic progression due to primarily advanced disease.
Conclusion. Administration of modern surgical techniques and instrumentation allows radical surgical treatment for a large
percentage of patients with locally advanced neuroblastoma.
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XUPYPTUYECKOE JIEYEHUE HEWPOBIACTOM 3ABPHOLIMHHON IOKANU3ALINK
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C. A. KysHeuoB™, E. H. KonecHukos, A. H. LlleByekko, 10. I0. Kosenb, I A. MKpTusiH,
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PE3IOME

Llenb uccnepoaHus. MpoaHannanpoBaTb COGCTBEHHbIV OMbIT XMPYPrYECKOro sie4eHnst HeMpo61acToOM 3a6PHOLLMHHOMO
NpoCTpaHCTBa y AeTel U BANAHME PaMKaibHOCTM XMPYPruyecKoro neyeHust Ha ucxop 3aboneBaHus.

Matepuanbi u meToabl. B nccnefosaHmne BkNtOYEHbI 35 NaLMEHTOB, MPOXOAMBLLNX TeYeHne B OTAENIEHUN AETCKOW OHKONMOrum
Orey «<HMUL, oHkonorum» Munusgpasa Poccuu ¢ 2016 no 2018 rr. ¢ HelipobrnacToMamMu 3abpOLLIMHHOIO NPOCTPaHCTBa.
CpepnHuii Bo3pacT naumeHToB cocTaBun 3,3 roga. M3 Hux 6b1n10 14 feBodek 1 21 Manbynk. Xupypruyeckoe nevyeHume npo-
BeAeHo 32 nauymeHTam. Y 3 60/bHbIX OTMeYeHa nporpeccust 3a6oneBaHns Ha hoHe NPoBOANMON HeoabloBaHTHOM MXT.
M3HayanbHO onepaTMBHOE BMELLATENbCTBO GbII0 BbIMOMHEHO 5 60/bHbIM, OCTasIbHbIM MaLMeHTaM NPOBOANIIACh YPECKOXKHaS
TpenaH6Moncusi C UMMYHOTMCTOXMMUYECKUM UCCNEOBAHNEM U MOCTeAytoLLei HeoaAbloBaHTHON NONMXUMMUOTEpanmei.
B paHHeM nocneonepaLMoHHOM Nepuofe OCNOXHEHNIN HEe OTMEYEHO HU Y OJHOrO NaLlueHTa.

B cTaTbe HaMu NpeacTaBneH COGCTBEHHbIV OMNbIT XMPYPrMYecKoro ie4eHns naLmMeHToB AeTCKOro Bo3pacTa ¢ HerMpobnacTo-
MamWu 3a6pHOLLMHHOrO NPOCTPaHCTBa.

PesynbraTtbl. MauneHTbl HabntogaroTcst B cpokax oT 12 fo 24 Mec. M3 28 nauneHToB, NPOONepMpoBaHHbIX paanKanbHo,
UBbI 6€3 NPU3HAKOB peLnAanBa 1 nporpeccun 3abonesanHus 23. Y 2 60MbHbIX BOSHWK PELUAMB ONYXONu, UM NpoBeAeHa
npoTtuBopeunameHas MNXT n O T. B HacTosLWee BpeMs NauneHTbl HAXOAATCA B peMuccumn. Y 3 naunmeHToB oTMeYanacb
cUCTeMHasi mporpeccusi 3aboneBaHus, CBI3aHHas ¢ NepBUYHO-TeHepPann3oBaHHbIM NPOLECCOM

3akntoyeHue. NprvMeHeHe COBPEMEHHbBIX XMPYPru4yeCKUX TEXHUK U MHCTPYMEHTapusi No3BosisieT B 60/1bLIOM NpoLeHTe
cnyyaeB [OOMTbCH pafMKasibHOrO XUPYPrMyeckoro IeYeHUs Npum MecTHO-pacnpoCTpaHeHHbIX Gopmax HelmpobnacToMbl.

Kniouesble cnoga:
naLWeHTbl JEeTCKOro BOo3pacTa, Heilpo61acToMbl 3a6PHOLMHHOIO NPOCTPAHCTBA, XMPYPruyecKoe feyeHue,
HeoafbloBaHTHasA NOSIMXMMMUOTEPanus, paguKanbHoe yaaneHue onyxonu, Nporpeccust
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INTRODUCTION

Neuroblastoma is the most common tumor of
the peripheral nervous system, occurring in child-
hood. The incidence of neuroblastoma is 7-8 %
of all malignant tumors of childhood [1; 2]. Neuro-
blastoma is localized mainly in the retroperitoneal
space, less often in the mediastinum and on the
neck. The source of tumor development in the ret-
roperitoneal space is the adrenal gland in 32 % of
cases, sympathetic ganglia located paravertebral
in 28 % of cases [3—6]. The biological diversity of
neuroblastomas associated with genetic mutations
or their absence significantly affects the clinical
course of the disease. There are cases of sponta-
neous tumor regression. This is especially true for
children under the age of 1 year. Thus, according to
various authors, spontaneous tumor regression in
children under 1 year occurs in 50-70 % of cases
[7; 8]. At the same time, the presence of N-myc gene

amplification, deletions at the 1p36 locus, as well
as the age of a child older than 1 year are unfavor-
able factors, and event-free survival in this group of
patients, according to numerous studies, does not
exceed 40 % [1; 9].

The diverse course of neuroblastomas in childhood,
from spontaneous regression to active progression,
dictates the need for different approaches to the
treatment of this pathology. Intensification of thera-
py in high-risk patients makes it possible to achieve
more significant results in treatment. Thus, various
authors propose the use of systemic radiotherapy
using 1311-MIBG, high-dose chemotherapy with au-
totransplantation of polypotent stem cells [10-13].

Surgical treatment of retroperitoneal neuroblasto-
ma, in particular, locally widespread forms, caused
by the involvement of major vessels and adjacent
organs in the process, causes particular difficulties
[1; 14]. The question of the expediency of radical
removal of the tumor with a high risk of surgical

Table 1. Characteristics of patients by the prevalence of the tumor process

Criteria for the characteristics of the tumor process

Patients’ quantity

Adrenal gland Paravertebrally

Primary tumor localisation

12 (34.3 %) 23 (65.7 %)

Focal form Generalised form

Tumour process development

25 (71.4 %) 10 (28.6 %)

Middle High

Risk groups

16 (45.8 %) 19 (54.2 %)

St Stll St StV

INSS staging

2 (5.7 %)

9 (25.7 %) 14 (40 %) 10 (28.6 %)

Table 2. Radiological (CT or MRI) risk factors (IDRFs) for patients with abdominal/retroperitoneal neuroblastoma according

to INRG
A tumor infiltrating the portal vein and/or hepatoduodenal ligament, including branches of the superior
Group 1 mesenteric artery of the mesentery root, including the ventral trunk and/or trunk of the superior
P mesenteric artery, infiltrating one or both renal pedicles, including the aorta and/or IVC, including the iliac
vessels, pelvic tumor in the area of the sciatic tenderloin
A tumor with a spread into the spinal canal (regardless of the level) spread to more than 1/3 of the spinal
Group 2 canal in axial projection and/or the leptomeningeal space is not traced and/or the signal from the spinal
cord is pathologically altered
Group 3 Infiltrates the surrounding organs and structures of the pericardium, diaphragm, kidney, liver,

pancreatoduodenal zone, mesentery
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complications in patients with generalized forms
of neuroblastomas that do not allow time to start
systemic therapy remains debatable. According to
a number of authors, radical removal of the tumor
(more than 95 % of the volume) improves the results
of treatment of high-risk patients [15-19], other au-
thors say that total removal of neuroblastoma with
a high risk of intra- and postoperative complications
is inappropriate, since high-risk neuroblastoma is
a systemic process with possible metastatic damage
to the liver, bone marrow and bones [20-22].

The purpose of the study: to analyze our own
experience of surgical treatment of retroperitoneal
neuroblastoma in children and the effect of radical
surgical treatment on the outcome of the disease.

MATERIALS AND METHODS

The study included 35 patients who were treated
at the Department of Pediatric Oncology of the Na-
tional Medical Research Centre for Oncology from
2016 to 2018. The average age of patients was 3.3
years. Of these, there were 14 girls and 21 boys. The
staging of the tumor process was carried out accord-
ing to the INSS criteria. All patients were treated in
accordance with the NB 2004 protocol. According to
the localization of the tumor in 12 patients (34.3 %),
the primary tumor was localized in the projection of
one of the adrenal glands, in 23 (65.7 %) there was
a paravertebral spread of the tumor along the main
vessels. 10 patients (28.6 %) had primary generaliza-
tion of the tumor process with metastases to the liver,
bones and bone marrow, and 25 patients (71.4 %) had
localized stages of the disease. The largest number

fiattened

of patients were with stage 3 of the disease - 14
patients (40 %), with stage 4-10 patients (28.6 %),
with stage 2-9 patients (25.7 %), and with stage 1-2
patients (5.7 %). The high risk group was determined
in 54.2 % of patients, the average risk group in 44.8 %
of patients. The characteristics of patients by the
prevalence of the process are presented in Table 1.

Surgical treatment was performed in 32 patients.
In 3 patients, the progression of the disease was
noted against the background of neoadjuvant PCT.

Initial surgical intervention was performed in 5 pa-
tients, the remaining patients underwent percutaneous
trepan biopsy with immunohistochemical examination
and subsequent neoadjuvant polychemotherapy.

When planning a surgical intervention, we used
data from spiral computed tomography with angi-
ography, magnetic resonance imaging data and ul-
trasound examination of the abdominal cavity and
retroperitoneal space. The risk factors for surgical
intervention in imaging (IDRF) described in the Inter-
national Neuroblastoma Risk Group (INRG) guide-
lines for imaging and staging neuroblastoma [23]
and characterizing the involvement of major vessels
and other adjacent organs in the tumor process were
taken into account. Figure 1 schematically shows the
relationship between the tumor and the main vessels
in the absence of risk factors during imaging (IDRF)
and in their presence.

Table 2 presents detailed radiological criteria for
inclusion of patients in the group with risk factors
for imaging according to INRG.

Among the operated patients, 12 had no risk
factors during imaging and 19 had. Figure 2 shows
the frequency of involvement of the main vessels

3 Vein
/'-.Q-}m‘
0 e NB
artal encasement

contact = S50%

{wvisible lumen)

flamened
(no visible lumen)

Fig. 1. Diagram of the ratio of tumor

\ and major vessels in the absence
of risk factors (DFR) (a) and their
presence (b) (Monclair T, Brodeur

G.M., 2009).

25



South Russian journal of cancer 2022, Vol. 3, No. 1, P. 22-30

Kuznetsov S. A.®, Kolesnikov E. N., Shevchenko A. N., Kozel Yu. Yu., Mkrtchyan G. A., Starzhetskaya M. V., Bespalova A. I., Pak E. E.,
Yurchenko D. Yu., Popovyan 0. P. / Surgical treatment of retroperitoneal neuroblastoma in children. Clinical experience

and adjacent organs in the tumor process. More
often, the vessels of the renal pedicle, the aorta,
and the superior mesenteric artery were involved
in the process.

As illustrative examples of risk factors assessment
during visualization, we give 2 clinical examples.

Clinical example 1. Patient K. 5 years old with the
diagnosis: undifferentiated retroperitoneal neuro-
blastoma with bone metastases. StIV. A high-risk
group. The presented CT scans (Fig. 3, 4) show are-
duction in tumor mass in the retroperitoneal space
after neoadjuvant polychemotherapy. The residual

tumor involves the aorta and the renal arteries on
both sides in a process with a muff-like covering.
The tumor also covered the lower mesenteric artery,
flattened the left renal vein on itself.

Figure 5 shows an intraoperative image after re-
moval of a tumor with skeletonized main vessels of
the retroperitoneal space. The tumor was removed
completely in this case.

Clinical report 2. Patient B. 4 years old with a di-
agnosis of retroperitoneal ganglioneuroblastoma.
An accidental finding during ultrasound examination
of the abdominal cavity. According to the MRI study,

8
» 8
. 6 6
i 6
L5 4 4
T4 3 3 3
: 3
{2 Fig. 2. The frequency of involvement of the
: 1 main vessels and adjacent organs in the tumor
0 process.
Qd < ) N4
N C Ny
@QQ bé&\ *x‘é b&é\ @'&‘ 4@‘& \0‘&‘ é&o
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Fig. 3. CT scans before 6 courses of polychemotherapy of
patient K. The primary prevalence of the tumor before induction
polychemotherapy.

26

Fig. 4. CT scans (tumor prevalence) after 6 courses of
polychemotherapy of patient K.
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we did not find classical risk factors in imaging. The
computed tomography images shown in Figure 6
show that all the main vessels only adhere to the
tumor, without their muff-like covering, however, the
area of location between the vessels is the inferior
vena cava, renal vessels, elements of the hepatodu-
odenal ligament, aorta, superior mesenteric artery
causes no less difficulties than during operations
in patients with risk factors during visualization. In
order to get to this tumor, it was necessary to isolate
all the elements of the hepatoduodenal ligament,
separate from the inferior vena cava, and isolate the
superior mesenteric artery (Fig. 7). Therefore, risk
factors in imaging are very conditional, but they help
the surgeon to adequately assess the possibilities
of radical surgical treatment.

The use of high-tech surgical equipment during
surgical interventions (ultrasonic scalpel, modern
bipolar electrocoagulating instruments) allowed to
minimize the amount of blood loss and traumatiza-
tion of healthy tissues.

RESEARCH RESULTS

According to the results of the operations per-
formed, in 25 cases (78.3 %) we performed total

Renal
arteries

Artery
Inferior
mesenteric

Iliac arterie
artery

removal of the tumor, in 3 cases (9.3 %) removal of
more than 95 % of the tumor and in 4 cases (12.4 %)
subtotal removal of the tumor from 50 to 95 % of the
tumor mass was performed. Less than 50 % of the
tumor was not removed in any case.

Complications include the development of intra-
operative bleeding in 7 patients who developed from
non-arterial vessels and were stopped by ligation or
electrocoagulation. The volume of blood loss in these
cases did not exceed 20 % of the CBV.

Also, according to many authors, complications of
the operation include nephrectomy. Of the 32 operat-
ed patients, nephrectomy was performed in two due
to the muff-like covering of the kidney by the tumor.
In preparation for the operation, these patients were
planned to perform a nephrectomy in advance.

In the early postoperative period, no complica-
tions were noted in any patient. In the late postop-
erative period, 2 months after the operation, one
patient was found to have impaired blood supply
to the contralateral kidney. The cause of this com-
plication is not related to the technical stage of the
surgical intervention, since during the operation
they worked on the kidney vessels on the affected
side, and the contralateral kidney and its vessels
remained intact.

Fig. 5. Intraoperative image after removal of the tumor.

Fig. 6. Magnetic resonance imaging image of patient B. before
surgical treatment.

27



South Russian journal of cancer 2022, Vol. 3, No. 1, P. 22-30

Kuznetsov S. A.®, Kolesnikov E. N., Shevchenko A. N., Kozel Yu. Yu., Mkrtchyan G. A., Starzhetskaya M. V., Bespalova A. I., Pak E. E.,
Yurchenko D. Yu., Popovyan 0. P. / Surgical treatment of retroperitoneal neuroblastoma in children. Clinical experience

Patients are observed for periods from 12 to 24
months. Of the 28 patients who underwent radical
surgery, 23 are alive without signs of relapse and
progression of the disease. 2 patients had a relapse
of the tumor, they underwent anti-relapse PCT and
DHT. Currently, the patients are in remission. System-
ic disease progression was observed in 3 patients.

Of the 4 patients operated non-radially, only 2 are
observed without signs of continued tumor growth
and generalization.

All patients who had a recurrence or progression
of the tumor process - 9 patients — belonged to the
high-risk group.

DISCUSSION

A number of authors indicate that there was no
significant difference in 5-year relapse-free sur-
vival among patients who underwent complete or
incomplete resection [24-26]. At the same time,
there are publications proving that surgical treat-
ment should be in the form of complete resection
of the tumor, and cases of partial resection are as-
sociated with a high risk of relapse of the disease,
the need for careful monitoring and the possible
use of radiation therapy [27]. According to our data,
the development of relapse and progression of the
disease occurred only in high-risk patients, which
speaks in favor of the systemic nature of the dis-
ease and the influence on the progression of fac-
tors such as the prevalence of the primary process

and the presence of genetic mutations, namely,
amplification of MYC-N, deletion 1p36, allowing
stratification of the patient into a high risk group.
The development of relapses and progression of
the disease in radically operated patients speaks
in favor of the lack of significance of radicalism of
surgical intervention. However, we can reliably say
this by conducting a randomized study on a much
larger amount of material. And yet, after a radical
operation, there are fewer questions about the fur-
ther tactics of treatment and management of pa-
tients with neuroblastoma, especially since the use
of modern surgical techniques makes it possible
to achieve radicalism of surgical treatment while
minimizing the risks of complications.

CONCLUSION

Thus, the following conclusions can be made:

1. The use of modern surgical techniques and tools
allows a large percentage of cases to achieve radical
surgical treatment for locally common forms of neuro-
blastoma without the threat of serious complications.

2. Proper planning of surgical intervention taking into
account risk factors during visualization allows mini-
mizing intraoperative and postoperative complications.

3. Given the systemic nature of the lesion in neuro-
blastoma, it is impractical to conduct a radical opera-
tion with total removal of the tumor, accompanied by
the development of complications that do not allow
time to start systemic therapy.

Common hepatic artery
Own hepatic artery

Portal vein

Common bile duct

Fig. 7. Intraoperative image after removal of the tumor. Patient B.
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