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INTRODUCTION

Neuroblastoma (NB) is the most common malignant extracranial tumor in children, 
whose embryogenic origin rises from progenitor neural crest cells (1,2). That 
implies that it can develop anywhere in the sympathetic nervous system, but most 
commonly it is located in the adrenal gland. On this ground, and its high rate of 
spontaneous regression, the tumor exhibits specific behaviour, clinical characteristics, 
and prognostic parameters (1). 

NB accounts for around 7% of all childhood cancers and about 15% of childhood 
cancer mortality worldwide. The median age at diagnosis is 17-18 months, and around 
90% of cases occur in children younger than 5 years (3). NB can develop sporadically 
or be inhibited, where cases of inhibited NB are much rarer (1-4). Dysregulation of 
key oncogenes, important for tumor growth initiation and progression, is noted in 
its development (5). Sporadical cases of NB are connected to mutations in important 
regulatory genes, such as ALK or PHOX2B (4,6). The most important molecular 
anomaly found is MYCN oncogene amplification (1,6,7).

The histological classification, distinguishes the following types: NB (Schwannian 
stroma-poor), ganglioneuroblastoma, intermixed (Schwannian stroma-rich), 
ganglioneuroblastoma, nodular (with both stroma-rich and stroma-poor areas), and 
ganglioneuroma (Schwannian stroma-dominant) (8,9).
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Clinical presentation is diverse, due to differences in localisation 
and stage at the diagnosis (10). NB is most often found in the 
area of the adrenal gland, but may also appear in retroperitoneal 
space, mediastinum, spine, or pelvis (1). Metastases are present 
in up to 70% of patients at diagnosis, and most commonly 
include bone, bone marrow, liver, and skin (11,12).

Because of the origin of NB, several significant biochemical 
parameters can be identified. Characteristically, elevated levels 
of catecholamines and their metabolites -vanillylmandelic acid 
(VMA) and homovanillic acid- are found in serum and urine, 
along with increased levels of lactate dehydrogenase (LDH), 
ferritin, and serum neuron-specific enolase (NSE) (13). Most 
valuable diagnostic modalities include computed tomography 
and magnetic resonance (1). The diagnostic criteria for NB 
include either a positive histopathological finding, or the 
demonstration of bone marrow metastases in the presence of 
elevated catecholamine or metabolite levels in urine or serum 
(14). Advanced disease at presentation is the main factor 
leading to unfavorable outcomes (15). Prognosis depends on 
several factors, including age, stage, pathohistology, molecular 
features such as presence of MYCN amplification, but also 
genetic anomalies and biological markers (10,16,17). Most used 
classification system is the International Neuroblastoma Staging 
System (INSS), where NB is divided into Stages 1-4, with special 
stage marked as 4s, reserved for infants younger than 1 year 
(14,18). 

Various therapeutic modalities are available for NB, due to the 
heterogeneity of this disease in terms of its forms and stages. 
The treatment approach may include different combinations 
of the following options: Surgical resection, chemotherapy, 
radiotherapy, and immunotherapy. Prior to initiating any 
therapeutic intervention, prognostic factors are carefully 
evaluated (14,19-21).

Despite extensive global research, data from single centers in 
low and middle income regions still remain limited. Institutional 
experience often reflects unique diagnostic pathways, resource 
availability, and patient characteristics, that are not adequately 
represented in literature. This study is explicitly framed as a 
descriptive single-center case series, accompanied by a focused 
narrative review of the literature, due to the small cohort size. 
The findings should be interpreted within the broader context of 
major international NB studies. Because inferential statistics are 
not feasible with a cohort of this size, the results from our center 
should be considered hypothesis-generating and exploratory. 

The aim of this study was to analyze the clinical presentation, 
pathological and biological features, diagnostic and therapeutic 
approaches, and treatment outcomes of children with NB 
treated at the Clinical Center of the University of Sarajevo. 
Special attention was given to diagnostic delay, disease stage, 

presence of metastases, and their association with survival. Main 
focus lies on defining patterns and objectives relevant for future 
multicenter work.

MATERIAL and METHODS	

Study Design and Setting 

This study is framed as a descriptive single-center case series 
with a focused narrative review of the literature. This clinical, 
retrospective study was conducted at the Clinic of Pediatric 
Surgery of the Clinical Center of the University of Sarajevo, 
covering the period from January 1, 2010 to December 31, 2024. 
The study included 13 patients (7 males, 6 females; median age: 
44 months; range, 0-114) who were diagnosed with NB, who 
underwent surgery and were hospitalized at the Department of 
Pediatric Surgery, Clinical Center of the University of Sarajevo).

The data for the research were collected by reviewing the 
available medical documentation through the electronic 
database of the Clinical Center of the University of Sarajevo and 
the archives of the Clinic of Pediatric Surgery and Pediatric Clinic 
of the Clinical Center of the University of Sarajevo. 

The study complied with the ethical principles of the Declaration 
of Helsinki and with all International Council for Harmonization 
and Good Clinical Practice Guidelines. The study was approved 
by the Local Institutional Review Board (Ethical Committee of 
the Clinical Center University of Sarajevo, protocol code: 51-45-
1-6872/25, date: 24 February 2025).

The following features were reviewed: Gender, age at the 
time of diagnosis, history, clinical presentation, additional 
diagnoses, tumor localization and characteristics, diagnostic 
workup, time interval from symptoms appearance to physician 
checkup and from physician checkup to definite diagnosis, 
disease stage, presence and localization of metastases, 
immunohistopathological findings, treatment and surgical 
intervention performed, disease outcome, complications, and 
recurrence. The study was conducted in accordance with the 
principles of the Declaration of Helsinki. Due to the retrospective 
nature of the study, informed consent was waived. 

Institutional Pathway for NB Management – Diagnostic, 
Staging, and Treatment Pathway

Patients diagnosed with NB were evaluated and treated 
according to an institutional protocol designed and alligned 
according to the International Neuroblastoma Risk Group (INRG) 
guidelines. 

Diagnosis and staging: The diagnostic criteria for NB included 
either histopathological confirmation of the primary tumor with 
or without elevated catecholamine levels or metabolites in 
urine or serum, or evidence of bone marrow metastases in the 
presence of elevated urinary or serum catecholamines or their 
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metabolites. Initial assessment included clinical examination, 
routine laboratories, and measurement of tumor biomarkers 
(urinary VMA, serum neuron-specific enolase, LDH, and ferritin) 
where feasible. Local disease was assessed with ultrasonography 
followed by cross-sectional imaging (computed tomography 
or magnetic resonance imaging of chest/abdomen/
pelvis). Metastatic staging was evaluated with I123-meta-
iodobenylguanidine (MIBG) scintigraphy, with involvement 
of bone marrow assessed by flow cytometry. Obtained tumor 
tissue was analyzed for MYCN status (FISH) and ploidy (DNA 
index). Pretreatment staging used the INRG Staging System 
(INRGSS). The post-surgical staging using INSS was also recorded.

Risk stratification: The treatment-assigning risk groups were 
determined using the INRG classification, integrating age, 
histology, and tumor biology (MYCN, ploidy, genomic profile).

Therapeutic modalities: Surgery, chemotheraphy, MIBG 
Therapy, myeloablative therapy with ASCT, and immunotherapy 
were noted as treatment options. Timing for surgical treatment 
was risk-adapted. Primary resection was the ultimate goal for 
low-risk patients, however, for intermediate and high-risk groups, 
surgery followed neoadjuvant chemotherapy. Indications and 
regimens for all forms (both neoadjuvant and adjuvant) of 
chemotherapy were strictly protocol-defined regarding the 
INRG risk group. For MIBG therapy, patients were referred to 
other reference centers. Myeloablative therapy with ASCT was 
part of our high-risk protocol until approximately 2018-2019. Its 
reinstatement is planned for 2026. Immunotherapy (anti-GD2) 
was not administered in our center, and patients were referred 
externally.

Follow-up and relapse: Follow-up included clinical 
assessment, imaging studies, and laboratory monitoring 
according to institutional practice. Time-intervals varied 
individually, according to the patients risk-group. In reference 
to the International Neuroblastoma Response Criteria (INRC), 
relapse was defined as appearance of new site(s) of disease or 
progression of existing disease - defined as tumor size growth 
of >25% relative to the best documented response - after 
initial response (including partial ones) to the treatment. It was 
ascertained during scheduled follow-up assesments.

Study Endpoints

The primary endpoint was to characterize treatment outcomes-
overall survival (OS), as well as treatment efficacy within our 
cohort. OS was defined as the time from diagnosis to death from 
any cause, and was analyzed as median OS. Secondary endpoints 
included: 1) clinical and pathological characterization-clinical 
presentation, diagnostic work-up, therapeutic approach, and 
general and pathological characteristics of patients with NB in 
our institution; 2) quantification of time intervals from symptom 
onset to first physician consultation and from that consultation 

to definitive diagnosis; 3) association between key variables, 
specifically between disease outcome (OS, relapse) and both 
disease stage at presentation and the presence of metastases 
at diagnosis, as well as baseline biomarker profiles (MYCN status, 
ploidy); 4) report of the incidence and nature of postoperative 
complications; 5) report of incidence of relapse- defined per the 
INRC.

Statistical Analysis 

The data were processed using Microsoft Excel software (version 
16.0, Microsoft 365 Apps; Microsoft Corporation, Redmond, 
WA, USA) and IBM SPSS Statistics software (version 30.0; IBM 
Corp., Armonk, NY, USA). Given the small sample size (n=13), 
the analysis was restricted to descriptive statistics. Categorical 
variables are presented as counts and proportions (n, %). 
Continuous variables are summarized as medians with ranges. 
OS was visualized using the Kaplan-Meier method; however, no 
comparative hypothesis testing was performed. 

The follow-up duration for the cohort was calculated from the 
date of diagnosis to the date of last known contact or death. For 
the patients that survived, follow-up times were right-censored 
at their last documented clinical assessment. The median follow-
up time for the entire cohort was 25 months (range: 10-120 
months).

Regarding missing data, the available-case approach was 
used. Analyses were performed based on number of patients 
with available data and no imputation was performed due 
to the retrospective design and small sample size. Naturally, 
denominators are reported explicitly where applicable. The 
results are presented in textual, numerical and tabular form. 

RESULTS

Patient Characteristics

The median age was 44 months (range, 0-114), meaning most 
patients (53.8%, 7/13) were in the age group of 2-4 years old. 
Among 13 patients, all (100%, 13/13) had negative family history 
for NB. Twelve patients (92.3%, 12/13) had no family history of 
malignancy, while in one patient a positive family history of 
malignancy was noted, specifically Hodgkin lymphoma. In 5 
patients, the tumor was of Stage 2 according to INSS classification 
(38.5%, 5/13), one patient had Stage 3 (7.7%, 1/13) and 7 patients 
had Stage 4 (53.9%, 7/13). No patients were identified with Stage 
1 or 4s. Primary tumor sites were the adrenal gland in 12 cases 
(92.3%, 12/13; 4 right and 8 left) and the head and neck region 
in 1 case (7.7%, 1/13). First symptoms were recognized by the 
doctor in 3 patients (23.1%) and by the parents in 10 patients 
(76.9%, 3/13). The median time from the initial appearance of 
symptoms to the first visit with a primary care physician was 12 
days (range: 1-45 days). The median time from that first doctor’s 
visit to the confirmation of a diagnosis was 14 days (range: 6-20 
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days). Total of 5 patients (38.5%, 5/13) had other diagnoses 
upon initial presentation, where 3 (23.1%, 3/13) presented with 
anemia, and 2 (15.4%, 2/13) had amblyopia. One patient (7.7%, 
1/13) had opsoclonus-myoclonus syndrome with ataxia and one 
patient (7.7%, 1/13) was initally presented with the diagnosis of 
polyarthralgia. Six patients had lethal outcome (46.2%, 6/13) 
(Table 1).

Stage and the Disease Outcome

A total of 2 patients (15.4%, 2/13) were in the 0-2 years age group 
(both with Stage 2 disease), 7 patients (53.8%, 7/13) were in the 
2-4 years age group (2 with Stage 2, 1 with Stage 3, and 4 with 
Stage 4), and 4 patients (30.8%, 4/13) were in the 6-15 years age 
group (1 with Stage 2 and 3 with Stage 4).

All of the 5 patients (100%, 5/5) with Stage 2 disease survived. 
In contrast, 6 out of 7 patients (85.7%, 6/7) with Stage 4 disease 
had a lethal outcome, with one survivor who had a follow-up 
period of 10 months. The single patient with Stage 3 disease also 
survived. 

Kaplan-Meier analysis was used to describe OS (Figure 1). 
Median OS was 36 months. Around 91.7% survived at 12 months 
and 45.8% at 36 months. Several patients were censored during 
follow-up. Survival curve showed a plateau in later months.

MYCN Amplification and the Disease Outcome

Data on MYCN amplification analysis were available for 8 patients 
(61.6%, 8/13), among whom MYCN amplification was present 
in 4 (30.8% of the total cohort, 4/13) and absent in 4 patients 
(30.8%, 4/13). Overall, among the patients with a lethal outcome 
(n=6), 4 had confirmed MYCN amplification, 1 had a negative 
MYCN status, and 1 had missing data. Among the survivors (n=7), 
3 patients had a negative MYCN status, and 4 had missing data. 
The descriptive analysis indicated a mortality rate of 100% (4/4) 
in the patients with confirmed MYCN amplification, compared to 
25% (1/4) in those with a confirmed non-amplified status. MYCN 
amplification was documented in 3 out of 7 patients (42.9%) 
with Stage 4 disease, and in 1 out of 5 patients (20%) with Stage 
2 disease, suggesting a trend of more frequent amplification 
in advanced stages. This is clinically relevant for prognosis, as 

MYCN is a marker of aggressiveness in NB. However, further 
studies with a larger sample size are necessary to confirm these 
findings with greater reliability.

Biological Markers

Baseline biomarker levels, collected at diagnosis prior to any 
treatment, were analyzed. Data on the initial serum NSE levels 
were available for 7 patients. All 7 had elevated NSE levels, with 
a median value of 101.0 μg/L [interquartile range (IQR): 370-
20.9; range: 18.10-939 μg/L; normal range: 0-13 μg/L]. Initial 
urinary VMA level results were available for 9 patients. Of these, 
7 patients had elevated VMA levels, with a median value of 15.1 
mg/g (IQR: 66.9-9.25; range: 3.2-535.9 mg/g of creatinine). The 
other two (2/9) had results within the normal reference range 
(1-10 mg/g). Blood ferritin data was available for 10 patients, 
showing a median value of 238.0 ng/mL (IQR: 895.06-195.44; 
range: 62.0-1090.0 ng/mL). Five of them (5/10) had elevated 
ferritin levels (the median for this group was 818 ng/mL), while 
the other five had values within the normal range (10-225 ng/
mL). Blood LDH levels were available for 9 patients. The median 
value was 1826 U/L (IQR: 2277-618; range: 445-5566 U/L). Eight 
patients (8/9) showed LDH levels above the normal range (195-
470 U/L), and one patient (1/9) had a value within the normal 
limits (Table 2).

Applied Therapeutic Modalities

In our cohort included pre- and postoperative chemotherapy, 
surgery, myeloablative therapy, MIBG therapy, and 
immunotherapy, either as single interventions or in various 
combinations, with surgical procedures (adrenalectomy and 
complete tumor resection with or without lymphadenectomy) 
performed at the clinic for pediatric surgery (Table 3).

Symptoms

The most frequently reported symptoms among our patients 
were loss of appetite, the presence of a palpable mass, and 
abdominal pain, each occurring in 53.8% of cases (n=7, 7/13). 
Fatigue was present in 30.8% of cases (n=4, 4/13), while paleness 
and joint pain each appeared in 23.1% of cases (n=3, 3/13). 
Symptoms such as fever, hip pain, dyspnea, vomiting, dysuria, 

Table 1. Overview of the association between clinical variables and relapse

Variable Without relapse (n=7) With relapse (n=6) Total (n=13)

Outcome

Lethal 
Survived

1 (7.7%)
6 (46.2%)

5 (38.5%)
1 (7.7%)

6 (46.2%)
7 (53.8%)

INSS stage

2
3
4

4 (30.8%)
1 (7.7%)
2 (15.4%)

1 (7.7%)
0
5 (38.5%)

5 (38.5%)
1 (7.7%)
7 (53.8%)

INSS: International Neuroblastoma Staging System.
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walking difficulties, constipation, prolonged crying, and groin 
pain were less common, each appearing in 15.4% of cases (n=2, 
2/13). On the rare end, symptoms like the inability to bear weight 
on the legs, hand tremors, eyelid hematoma, and protrusion of 
the eyeball were each seen in only 7.7% of cases (n=1, 1/13). 
A large number of symptoms occurred only rarely (in just 1 or 
2 patients), which may imply that the clinical presentation is 
significantly heterogeneous (Table 4).

Symptoms and the Disease Stage

In the Stage 2 (n=5), it is shown that the most common symptoms 
were a palpable mass (60%, 3/5), loss of appetite (60%, 3/5), 
abdominal pain (40%, 2/5), fatigue (40%, 2/5), and shortness of 
breath (20%, 1/5). The presentation was characterized by local 
symptoms with moderate systemic complaints. In Stage 4 (n=7), 
the most frequent symptoms were abdominal pain (71.4%, 5/7), 
a palpable mass (57.1%, 4/7), loss of appetite (42.9%, 3/7), joint 
pain (42.9%, 3/7), and paleness (42.9%, 3/7). Fever, difficulty 
walking, constipation, and hip pain were each present in 28.6% 
of cases (2/7). This stage also included specific, rarer symptoms 
like bulging eyeball, eyelid hematoma, prolonged crying, hand 
tremors, and the inability to bear weight (each at 7.7%, 1/13). A 
higher frequency of pain and systemic symptoms was observed 

in this advanced stage. In Stage 3 (n=1), only one patient was 
classified, providing insufficient data for a meaningful analysis. 
Certain clinical trends were observed, such as abdominal pain, 
joint pain, a palpable mass, and paleness being more common 
in Stage 4, potentially indicating disease progression. Loss of 
appetite was a symptom recorded across all Stages.

Metastases

Metastatic disease-including involvement of regional lymph 
nodes-was present in 10 patients (76.9%, 10/13). Only three 
patients (23.1%, 3/13) showed no evidence of metastasis. A 
detailed overview of the metastatic sites identified for each 
patient is provided in Table 3.

Analysis of metastatic locations in the affected group (n=10) 
showed lymph nodes to be the most commonly involved site, 
present in all patients (100%, 10/10) with metastatic disease. 
Review of records showed that abdominal (50%, 5/10) and 
retroperitoneal lymph nodes (20%, 2/10) were most involved. 
Metastases were found in para-aortic/paracaval lymph nodes 
in 20% of cases, while parailiac, retrosternal, and cervical lymph 
nodes were less frequently involved (12.5% each, 1/8). Bone 
metastases were also frequent, occurring in 50% of patients 
with metastatic disease (5/10). Within this group, the vertebrae 
were the most commonly affected site (80%, 4/5), with pelvic 
and cranial bones each involved in a single case (10% of 
metastatic patients, 1/10 each). Other metastatic sites included 
the liver, pleura, and intracranial region (20% each, 2/10), as well 
as paravertebral muscles and bone marrow (30% each, 3/10). 
Subcutaneous tissue and the lungs were each affected in one 
case (10%, 1/10).

Metastases and Stages of the Disease

As expected, the prevalence of metastases varied significantly 
based on disease stage. In Stage 2, metastases were present in 2 
out of 5 patients (40%, 2/5), implying that disease dissemination 
can occur even in earlier stages. In contrast, all patients in Stage 
3 and Stage 4 had confirmed metastases, representing a 100% 
metastasis rate in these groups (8/8). Analysis of metastases 
in Stage 4 patients revealed aggressive dissemination: 100% 
(7/7) had lymph node involvement, and 71.4% (5/7) had bone 
metastases. Metastases in paravertebral muscles and bone 
marrow were present in 42.9% of these patients. In Stage 2, 

Figure 1. Kaplan-Meier curve describing overall survival of the study 
cohort. Median survival was 36 months. Estimated survival was 91.7% 
at 12 months and 45.8% at 36 months. Tick marks represent censored 
observations.

Table 2. Range of baseline biological marker values in patients at diagnosis

Biological marker (unit) Median (IQR) Range in patients Patients with data (n/total) Reference values*

NSE (μg/L) 101.0 (20.9-370.0) 18.10-939 7/13 0-13

VMA (mg/g of creatinine) 15.1 (9.25-66.9) 3.2-535.9 9/13 1-10

Ferritin (ng/mL) 238.0 (195.44-895.06) 62.0-1090.0 10/13 10-225

LDH (U/L) 1826 (618-2277) 445-5566 9/13 195-470

*: Reference ranges and units adapted from Bolkar ST, et al. Indian J Clin Biochem 2008;23(3):293-295.
IQR: Interquartile range, NSE: Neuron-specific enolase, VMA: Vanillylmandelic acid, LDH: Lactate dehydrogenase.
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metastases were exclusively localized to regional lymph nodes 
(n=2), consistent with INSS Stage 2B classification. 

Histopathology and Immunohistochemistry

The type of NB was determined by histopathological 
examination. A total of 12 patients (92.3%, 12/13) received a 
histopathological diagnosis of NB. For the majority of patients 
(69.2%, 9/13), the diagnosis was designated simply as “NB” 
without further specification. In three patients (30.8%, 3/13), the 
diagnosis included additional specifications: Nodular NB (7.7%, 
1/13), poorly differentiated NB (7.7%, 1/13), and undifferentiated 
NB (7.7%, 1/13). Each of these specifications was reported 
in one patient. One case (7.7%, 1/13) was diagnosed as 
ganglioneuroblastoma.

Postoperative Complications

Of the 13 cases examined, postoperative complications 
occurred in only one patient (7.7%, 1/13). These complications 
involved intestinal obstruction and hypokalemia, which 
required the patient to be readmitted to the clinic for pediatric 
surgery. The remaining 92.3% (12/13) of patients experienced no 
postoperative complications.

Relapse, Outcome and the Disease Stage

Relapse was documented in 6 patients (46.2%, 6/13), while 
the remaining 7 patients (53.8%, 7/13) experienced no relapse. 
Among patients with a fatal outcome (n=6), 5 had experienced 
a relapse (83.3%, 5/6), and 1 had not (16.7%, 1/6). Descriptively, 
patients with a fatal outcome had a higher proportion of relapse 
(83.3%, 5/6) compared to those with a positive outcome (14.3%, 
1/7).

No patients with Stage 2 disease experienced a relapse (0/5). 
Among the 7 patients with Stage 4 disease, 5 (71.4%, 5/7) had 
a documented relapse, while 2 (28.6%, 2/7) did not. The single 
patient with Stage 3 disease (1/1) did not experience a relapse. 
For descriptive analysis, stages were grouped into two categories: 
Lower stages (Stages 1 and 2, n=5) and higher stages (Stages 3 and 
4, n=8). Patients with higher-stage disease experienced relapse 
more frequently (62.5%, 5/8) compared to those with lower-stage 
disease (20%, 1/5). The associations between outcome, relapse, 
and disease stage are shown in Table 1.

DISCUSSION

In our single-center case series, the vast majority of patients 
presented with advanced-stage NB, with already developed 
metastatic disease and elevated tumor biomarkers-thus, survival 
outcomes were unfavorable. As it is expected, delayed diagnosis 
appears to be connected to the poorer clinical and overall 
outcomes. Consistency with the patterns reported in larger 
published papers is present. However, due to study limitations, 
these findings are strictly descriptive and hypothesis-generating. 

Table 3. Demographics and other characteristics of patients 
with neuroblastoma

Criteria n %

Sex

Male
Female

7
6

53.8
46.2

Family history

Negative
Positive

13
0

100
0

Disease stage (INSS classification)

1
2
3
4
4s

0
5
1
7
0

0
38.5
7.7
53.9
0

Tumor localization

Adrenal gland
Left
Right
Head and neck area

12
8
4
1

92.3
66.7*
33.3*
7.7

MYCN amplification

Yes
No
No data available

4
4
5

30.8
30.8
38.5

Therapeutic approach

Chemotherapy only
Surgery + chemotherapy
Surgery only
Multimodal therapy§

3
4
2
4

23.1
30.8
15.4
30.8

Metastases at diagnosis

Yes
Lymph nodes 
Bone 
Bone marrow
Other sites±

No

10
10
5
3

3

76.9
100#

50#

30#

23.1

Histopathology 

Neuroblastoma 
Ganglioneuroblastoma

12
1

92.3
7.7

Postoperative complications 

Yes
No

1
12

7.7
92.3

Relapse 

Yes
No

6
7

46.2
53.8

Survival status

Lethal
Survived

6
7

46.2
53.8

*: Percentage of adrenal gland tumors (n=12), §: Includes therapies 
with combination of MIBG, myeloablation, surgery, chemotherapy, or 
immunotherapy (n=4), ±: Other sites include pleura, liver, intracranial region, 
paravertebral muscles, subcutaneous tissue, and lungs, #: Percentage of patients 
with metastases (n=10), INSS: International Neuroblastoma Staging System.
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The management of unpredictable diseases such as NB, 
demands clear and guided assessment. Current international 
risk stratification systems depend primarily on patients age, 
disease stage and specific molecular markers. Contemporary 
analyses from large cohorts work on reinforcement of critical 
epidemiological and biological patterns. For context, findings in 
contemporary NB studies are summarized in Table 5.

Gender and Prognosis: Unlike earlier views that the gender 
was not relevant for prognosis, there is an evidence today that 
indicate a slight predominance of NB in males (22-24). Studies 
from the past (22) reported that gender has neither prognostic 
significance nor relevance for the incidence of NB. However, 

more recently, studies have focused on differences related to 
gender, showing a higher incidence in boys (23,24). According 
to research by Tas et al. (24), the incidence of NB is slightly higher 
in boys than in girls (51.7% versus 48.3%, respectively). Several 
contemporary studies (25,26) analyzing the correlation between 
gender and NB have concentrated on differences in outcomes 
and therapeutic success, noting that boys tend to have 
somewhat worse outcomes. A comprehensive study of global 
NB incidence and mortality from 2025 (3) reported the greatest 
gender difference in the 2-4 year age group, with a male-to-
female ratio of 1.96:1. In our study, we have also observed a 
slightly higher incidence in boys (54%). 

Table 4. Presentation of symptoms by disease stage

Symptom Stage 2 (n=5) Stage 3 (n=1) Stage 4 (n=7)

Localized symptoms

Palpable mass 3 (60%) 0 (0%) 4 (57.1%)

Dysuria 0 (0%) 1 (100%) 1 (14.3%)

Pain in abdomen 2 (40%) 0 (0%) 5 (71.4%)

Systemic symptoms

Loss of appetite 3 (60%) 1 (100%) 3 (42.9%)

Fatigue 2 (40%) 1 (100%) 1 (14.3%)

Elevated body temperature 0 (0%) 0 (0%) 2 (28.6%)

Metastatic symptoms

Paleness 0 (0%) 0 (0%) 3 (42.9%)

Joint pain 0 (0%) 0 (0%) 3 (42.9%)

Dyspnea 1 (20%) 0 (0%) 1 (14.3%)

Table 5. Summary of key large cohort studies in neuroblastoma

Study/cohort 
(year)

Sample 
size (n)

Key stage 
distribution

MYCN status 
rates

Primary treatment 
strategy Reported OS/EFS Relapse rate

Tas et al. 
(Netherlands, 
2020)

593 52% Stage 4 NA

High dose chemotherapy 
followed by autologous 
stem cell transplant and anti 
GD2 based immunotherapy

5-yr OS: all patients – increase of 
OS from 44 +/- 5% to 61 +/- 4%; 
Stage 4: from 19 +/- 6% to 44 +/- 
6% (1990-2014);
EFS - NA

NA (implied 
high in Stage 
4)

Liu et al. (China, 
2023) 1 224 48.9% with 

distant mets 20-25% Multimodal standard
Without bone metastases 5-yr 
OS: 87.2%; bone metastasis 5-yr 
OS: 66.9%; EFS NA

Implied 
high with 
metastases 

Lucena et al. 
(Brazil, 2018) 258 46% Stage 4

Test was 
performed 
in 17%; 25% 
of tested had 
MYCN amp

Risk-adapted, per INRG 5-yr OS: 62% (all); 5-yr EFS: 52% 72%

Al-Tonbary et al. 
(Egypt, 2015) 142 76.7% Stage 

4;
Test available 
in 17%; NA Risk-based chemotherpy 2-yr OS: males- 47.6 +/-14.0%, 

females – 10.4% +/- 9.8% NR

Current study 
(Sarajevo, 2025) 13 53.9% 

Stage 4
30.8% (of 
tested) Multimodal, per INRG Median OS: 36 mo; Stage 4 

survival: 14.3%

46.2% (all); 
62.5% (Stage 
3 and 4)

OS: Overall survival, EFS: Event-free survival, NR: Not reported, NA: Not applicable, INRG: International Neuroblastoma Risk Group.



Neuroblastoma treatment in children

Turk J Surg 2026;42(2):239-250

246

Age Distribution: Approximately 90% of NB occurs in children 
<5 years, with a median age at diagnosis of 17-18 months 
(4,14). Older age (>18 months) at diagnosis is a poor prognostic 
factor, especially when combined with advanced disease (24). 
In the study conducted by Williams and Williams Spector (25), 
there were approximately 50% of patients within the 1-4 year 
age group. According to a study by Ting et al. (23), the median 
age at diagnosis of malignant tumors in children was 4 years. 
Considering that 18 months represents an important prognostic 
cut-off (according to the - INRGSS), some studies have shown 
that about 45% of patients are diagnosed before this age (24). 
We have noted that most patients (53.8%) belonged to the 2-4 
year age group, with a median age of 44 months.

Family History and Predisposition: Family predisposition 
for NB development is very rare–with only 1-2% of patients 
reported to have positive family history for NB (27). Moreover, no 
exogenous factors have been associated with NB development 
(28). In our study, none of the patients had a family history of 
NB. In 12 patients (92.3%), the family history was negative for 
malignancies, while in one patient a positive family history of 
malignancy was noted, specifically Hodgkin lymphoma.

Patterns of Time Intervals Relevant for Diagnostics: It is 
very commonly reported that a majority of NB patients had 
experienced a diagnostic delay (29,30). A paper from Beijing (29) 
reported a median diagnostic interval of 1 month (range, 0.2-
24 months). In that cohort, 52 out of 62 patients experienced 
a diagnostic delay, with time interval between symptom onset 
to diagnosis longer than 2 weeks. In another study of patients 
with NB presenting with intracranial metastases (30), the median 
time from the first symptoms to diagnosis was 4.2 months. In 
our cohort, the distribution of the interval from symptom/sign 
onset to the first physician visit was asymetrical–which implies 
that some parents sought medical attention later than others. 
The time from the first physician visit to the diagnosis was also 
asymetrically distributed, with 75% of cases diagnosed within 15 
days, and only a few outliers extending up to 20 days. 

Primary Tumor Location: Primary NB tumors mostly originate 
in the adrenal gland and abdominal cavity (24). They are far less 
common in the neck, chest, or pelvis (11). In our cohort, twelve 
(92.3%) patients had NB localized in the adrenal gland, while 
one patient (7.7%) presented with NB in the head and neck 
region, thus our findings support the notion of the predominant 
primary site of NB in children.

Stage at Presentation: Advanced-stage (INSS Stage 4) disease 
accounts for 50-70% of presentations in unselected cohorts and 
is the primary factor contributing to mortality (24,30). Based 
on definitive histopathological diagnosis, most of the patients 
from our cohort (53.9%) were classified as Stage 4. Liu et al. (30) 
reported that 74.4% of NB cases are diagnosed at an advanced 

age, while Tas et al. (24) stated that the most patients had Stage 
4 upon diagnosis (52%). Our research is consistent with these 
observations, confirming that a substantial proportio of patients 
present when the stage of NB is advanced.

Presenting Symptoms: The presenting symptoms at the 
moment of diagnosis of NB in the vast majority of cases are 
abdominal pain, a palpable mass, as well as systemic signs 
such as fever and weight loss (23,31). In our cohort of thirteen 
patients, the most frequently observed presenting symptoms 
were loss of appetite, a palpable abdominal mass, and 
abdominal pain, each occurring in 58.8% of cases. These findings 
are in line with previous reports. A recent study from China (23) 
analyzed common symptoms of pediatric solid tumors, and it 
has reported that the most frequent ones are palpable masses 
in 34.9% of cases, abdominal pain in 21.1%, and fever in 6.3%. 
Nonetheless, literature emphasizes the great clinical significance 
of systemic symptoms such as fever, appetite loss, and weight 
loss (31). Other reported symptoms in our patients included 
fatigue, pallor, joint pain, fever, dyspnea, vomiting, dysuria, 
difficulty walking, constipation, prolonged crying, and groin 
pain, whereas less common findings included inability to bear 
weight, hand tremors, eyelid hematomas, and proptosis. In our 
study, the “raccoon eyes” phenomenon was observed in 7.7% of 
cases. Paper from Ghosh et al. (32) reports this phenomenon in 
up to 20% of cases, hence, its presence is consistent with the 
one in our cohort. Specific symptom patterns often correlate 
with metastatic spread: bone metastases typically manifest 
as musculoskeletal pain or impaired mobility, and bone 
marrow involvement is usually associated with anemia or 
thrombocytopenia (31). Similarly, studies from Brazil (29) noted 
fever, abdominal pain, abdominal mass, and bone pain as the 
most common presenting features, confirming that our findings 
align with established patterns in NB. Overall, the variability in 
symptom presentation is important for maintaining a high index 
of suspicion for NB across a broad spectrum of clinical signs.

Metastatic Patterns: Metastatic disease at diagnosis is very 
common in NB, and it involves regional lymph nodes, bone, 
bone marrow, and liver most frequently (11,12,33). Previous 
studies have shown that up to 70% of patients with NB present 
with metastases at diagnosis (11). A large Chinese cohort which 
included 1224 patients reported distant metastases in 48.9% of 
cases, results that are consistent with other similar studies (12,33). 
Most common secondary tumor sites for NB are regional lymph 
nodes, bones, bone marrow and liver (11). Our results are in line 
with these observations, as metastases were identified in 76.9% 
of patients, with lymph node involvement present in all cases. 
Bone metastases were observed in 50% of patients, compared 
to 33% reported in a study from Sao Paulo (34). As expected, we 
have also observed an association between advanced stages (3 
and 4) and the presence of metastases. That confirmed current 



Jonuzi et al. 

Turk J Surg 2026;42(2):239-250

247

knowledge that high-risk patients exhibit greater mortality and 
more aggressive NB behavior (4,16).

Due to the activity of immune system, 2-3% of children with 
NB develop opsoclonus-myoclonus syndrome (35). In our 
cohort, this diagnosis was identified in 7.7% of patients. Anemia 
is also a common manifestation of NB, which explains why 
23.1% of our patients had been diagnosed with anemia prior 
to the confirmation of NB (31). In total of 38.5% of our patients, 
additional diagnoses were recorded prior to NB, including, apart 
from those previously mentioned, amblyopia and polyarthralgia.

Diagnostic Biomarkers: Serum NSE, LDH, ferritin, and urinary 
catecholamine metabolites (VMA) are well established 
diagnostic and prognostic markers. In a paper published by 
Bolkar et al. (13) which analyzed biochemical parameters in 
children with NB, it was reported that urinary VMA, serum NSE, 
ferritin, and LDH were significantly elevated in histologically 
confirmed cases compared to healthy controls. The relevance of 
these parameters has long been recognized in the literature (36), 
with several studies making an emphasize on their importance 
in prognosis of the disease, particularly NSE and LDH, but also 
LDH and ferritin (19,29). In our study, all patients had elevated 
serum NSE levels, while 88.9% had high LDH values. Additionally, 
77.8% of patients had increased VMA in urine, and ferritin was 
elevated in 50% of cases. Our results confirm importance of 
these paramters, named in previous studies. These markers have 
great clinical value-they are good diagnostic indicators but also 
useful for monitoring progression of the disease. Considering 
that more than 90% of children with NB present with high 
levels of catecholamines and their metabolites (19), biochemical 
testing is crucial component of monitoring of patients with NB.

Treatment Modalities: Therapy modality is dependent on 
risk-group (18). Low-risk disease often requires surgery alone, 
while high-risk disease demands a multimodal approach: 
Intensive induction chemotherapy, surgical resection of the 
primary tumor, myeloablative therapy with autologous stem cell 
transplant, chemotherapy, radiotherapy, and immunotherapy 
(anti-GD2 antibodies). This paradigm has improved survival for 
high-risk patients (3). All of our patients underwent multimodal 
therapy, adjusted to the stage of their disease. 

Histopathological Classification: Literature most frequently 
identifies NB as the most common histopathological type of 
this disease, but it is not the only one. Other variants, such as 
ganglioneuroblastoma and ganglioneuroma are also described, 
as well as their own subtypes (9). A study from the United States 
(37) that included 145 children reported histopathological 
diagnosis NB in 130 cases (80.7%), which is consistent with our 
findings, where it was defined in 92.3% of patients.

Relapse Patterns and Outcomes: Many studies have examined 
the relationship between the characteristics of NB and outcomes 

of treatments following disease relapse. The INRC defines relapse 
as the occurrence of a new disease site or a tumor increase of 
at least 25% after initial response to treatment (38). According 
to the research based on the INRG data base, which included 8 
800 patients younger than 21 years of age diagnosed between 
1990 and 2002, 2 266 experienced a first relapse, progression 
of the disease or development of a secondary tumor. More 
than half of patients with high-risk NB either fail to respond to 
treatment or eventually relapse (39). Although relapse can occur 
in intermediate-risk groups, it is reported in only 20% of cases. 
Survival after relapse in high-risk NB remains less than 10% (40). 
Our results further underscore the connection between relapse 
and lethal outcomes -46.2% of our patients had relapse, and it 
was more common in those with advanced stages (3 and 4). 
Based on these results, questions can be raised on developing 
new therapeutic strategies aimed at reducing relapse rates and 
improving OS in patients with advanced stages or high-risk NB.

Postoperative complications after NB treatment were reported 
in 44.7% of cases in one study from China (41). In our study, 
only one experienced a postoperative complication, which was 
intestinal obstruction. Minimally invasive surgery is generally 
recommended for reducing the risk of postoperative ileus and 
adhesion formation (42).

Survival Outcomes and Mortality: Long-term survival in NB 
in localized stages (1-3) still remains excellent (>90%), but in 
advanced Stage 4 disease, it is persistently poor (3,16,24,43,44). 
In our study, 46.2% of patients had a lethal outcome. NB is a 
tumor characterized by high mortality rates, with 10-year survival 
reaching 91% for Stages 1-3, and only 38% for Stage 4 (16). A 
more recent study from 2025 (3) reported that high-risk NB has 
mortality rates of 50%, whereas low-risk and intermediate-risk 
NB has mortality rate lower than 10%. Our results are limited by 
the fact that mortality was not analyzed separately according to 
disease stage and risk-group, the aggressive nature of the tumor 
was once again evident.

A paper published by Berthold et al. (43) reported that 10-year 
survival in children with Stages 1-3 has consistently been high, 
whereas for Stage 4 it has remained lower, increasing from 2% to 
38% between 1979 and 2015. Our findings are consistent with 
these observations -85.7% of children with Stage 4 had lethal 
outcomes, while all children with Stage 2 survived. 

The median survival time in our study is 36 months, with the 
Kaplan-Meier curve showing a steep decline in the early phases: 
1-year survival was 91.7%, and 3-year survival is 45.8%. Similarly, a 
study from Egypt (44) reported a 2-year survival of 19.0±16.8% in 
children with NB and poor prognosis, in contrast to 71.4±17.1% 
in those with favorable prognosis. Another study from the 
Netherlands (24) found a 5-year survival rate 35±3% for Stage 
4, and 93±2% for Stages 1-2. Although our analysis was not 
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stratified by stage, the observed survival trends are consistent 
with global data. Once again, the aggressive nature of advanced 
NB is a central concern. 

Molecular Landscape: MYCN amplification, present in 
around 20% of cases, is a well-established marker of tumor 
aggressiveness and poor prognosis, particularly in advanced-
stage disease (45). Its presence is the most relevant piece of data, 
regarding genetic material, that influence prognosis of disease. 
The association between MYCN gene amplification and disease 
stage was observed and described descriptively in our cohort. 
The MYCN amplification was more frequently present in patients 
with advanced-stage NB.

Our study aimed to examine the impact of early diagnosis of 
NB at the initial stage of the disease on treatment outcomes. 
We followed thirteen patients treated at the clinic for pediatric 
surgery KCUS. The predominance of advanced-stage disease at 
diagnosis, commonly present metastatic involvement, adrenal 
localization, elevated tumor biomarkers and poor survival 
outcomes in advanced stages are similar to observations 
from international registries and population-based studies. 
In contrast, some differences were present–the proportion of 

patients presenting with Stage 4 disease, the high relapse rate, 
and the elevated mortality in our cohort appear higher than 
those present in other studies. That can be the result of several 
limitations of the study. For comparing mentioned findings with 
our institutional experience, refer to the Table 6. 

Study Limitations

This study has several limitations. The small size of this cohort 
(n=13), due to single-center, retrospective nature of this 
analysis, remains biggest limitation. It limits external validity, 
and contributes to the possibility of selection and information 
bias. Furthermore, statistical power is restricted, due to the 
limited sample size. Limited availability of MYCN status should 
also be noted, as well as limited and heterogeneous follow-
up time interval. Therefore, the findings should be considered 
hypothesis-generating and exploratory.

Mentioned study limitations show why the need for larger, 
prospective, multicenter studies persists, which-within current 
research setting in Bosnia and Herzegovina, remain difficult to 
conduct. Nonetheless, this report is initial step toward structured 
data collection and further research, in the field of pediatric 
oncology.

Table 6. Comparison of current study findings with major series

Outcome 
parameter

Current Sarajevo cohort 
(n=13) Findings from large series Interpretation & divergence

Stage 
distribution 53.9% Stage 4 (INSS) 46-80% Stage 4/metastatic Aligned. High proportion of advanced-stage disease at 

presentation is consistent globally.

Age at 
diagnosis Median: 44 months Median: 17-18 months

Divergent. Our cohort is significantly older. This likely has 
contribution to the observed poor prognosis, as age >18 
months is one of the prognostic factors in metastatic NB.

MYCN 
amplification

30.8% of tested (4/13); 
100% mortality in amplified

Around 25-40% overall; strong 
poor prognostic factor

Trend aligned, rate higher. Proportion with MYCN amp is 
descriptively higher. The 100% mortality in amplified cases 
(though n=4) brings out the importance of developing bigger 
studies regrading this trend.

Metastasis 
at Dx 76.9% (10/13) Between 50-70%

Aligned. Our rate is at the upper end of reported ranges, 
consistent with the high stage distribution. Lymph node 
(100%) and bone (50%) involvement patterns are typical.

Biomarker 
elevation

NSE: 100% (7/7); LDH: 88.9% 
(8/9); VMA: 77.8% (7/9)

>90% elevation in 
catecholamines and its 
metabolites; 

Aligned. High rates of biomarker elevation confirm diagnostic 
utility.

Treatment 
approach

Multimodal (Surgery, 
Chemo, MIBG, Immuno)

Risk-stratified multimodal 
standard (per INRG) Aligned. Multimodal approach was applied. 

Relapse rate 46.2% overall; 62.5% in 
Stage 3 and 4 40-60% in high-risk

Aligned for Stage 4. Our overall rate is product of the high 
proportion of advanced-stage patients. The pattern (relapse 
concentrated in Stage 4) is expected.

Survival 
(Stage 4) 14.3% (1/7) survived 5-yr OS: 35-60% in modern series

Divergent/lower. Our Stage 4 survival appears lower. 
Potential contributors: older age at diagnosis and small sample 
size.

Diagnostic 
intervals

Symptom to MD: median 
12 days; MD to Dx: median 
14 days

Often weeks to months; delay of 
around 2 weeks is common

Aligned. Our diagnostic timelines appear relatively efficient 
and are not excessively prolonged compared to literature 
reports.

INSS: International Neuroblastoma Staging System, LDH: Lactate dehydrogenase, VMA: Vanillylmandelic acid, NSE: Neuron-specific enolase, OS: Overall survival, INRG: 
International Neuroblastoma Risk Group, MIBG: Meta-iodobenylguanidine, MD: Medical doctor, Dx: Diagnosis.
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CONCLUSION

In our single-center series of 13 patients with NB, the most 
common clinical signs and symptoms were loss of appetite, a 
palpable abdominal mass, and abdominal pain. The majority 
of patients had a primary tumor localized in the adrenal gland. 
Disease relapse was confirmed in 46.2% of patients, with relapse 
occurring more frequently in those diagnosed at advanced 
stages. The OS rate in our cohort was 53.8%. All patients with 
stage 2 disease survived, while 85.7% of patients with stage 
4 disease had a fatal outcome. Elevated tumor biomarkers, 
including NSE, LDH, ferritin, and VMA, were noted in patients with 
advanced-stage disease, which is consistent with international 
observations. Disease stage at diagnosis was observed relating 
to the outcomes: Patients who presented with low stages have 
survived, while the ones with high stages were connected with 
high mortality and frequent relapses. 

Upon these findings, we can state that the early recognition 
is one of the most important factors defining the outcomes 
of children with NB. Early recognition is associated with lower 
disease stages at diagnosis, hence, patients have more favorable 
outcomes. There is a need for multimodal, risk-adapted therapy 
and more structured follow-up protocols for high-risk patients, 
to address their higher likelihood of relapse.

For improving OS in children with NB-especially in low and 
middle income countries-future studies should focus on 
multicenter designs including patients with comprehensive 
molecular profiling, standardized staging, and uniform follow-
up. That could better refine prognostic assessment and therefore 
contribute to the better outcomes in patients with NB.
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