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Abstract

Neuroendocrine tumors (NETS) are rare in the pediatric age group with studies reportedly
showing increased incidence in females. The appendix appears to be the most common
tumor site, but NETs can arise almost anywhere in the body. Due to rarity, comprehensive
reports detailing outcomes are sparse and often based on limited index case numbers. This
study aims to systematically analyze outcome metrics of pediatric NET whilst identifying
pertinent risk factors for mortality. Medline/Embase databases were searched according to
PRISMA guidelines. Final analysis included 83 studies with 3,829 NET patients (1,917
females — 52%). Individual patient data was available in 522 patients (49 studies) with a mean
follow-up period of 67 months. The most common tumor sites included appendix (30%),
adrenal gland (19%), pancreas (19%), and bronchus/lungs (14%). Surgical tumor resection
was the mainstay of treatment while 23 patients (5%) were managed medically.
Recurrence(s) were observed in 35 patients (8%). Chemo/radiotherapy was reported in 48
patients (12%). Most patients (94%) survived - 86% (n=378) with no evidence of disease, 8%
(n=37) were alive with disease and 29 (6%) died of progressive disease. Positive margins at
primary operation, metastatic disease, and large tumor size were associated with mortality
(p=0.0006, <0.0001, and 0.018, respectively). Significantly higher mortality was observed
with NETs originating from the liver and thymus. These findings affirm that despite
predominantly favorable outcome, complete surgical resection (RO) is crucial, as positive
surgical margins predispose to mortality. Similarly, larger tumor size and certain anatomical

tumor sites are associated with worse outcome(s).

Keywords: neuroendocrine tumor; pediatric; NET;

Abbreviations: NET — neuroendocrine tumor



1.

Introduction

Neuroendocrine tumors (NETS) are typically considered as benign tumors but have
the potential to transform into a malignant form [1]. NETs are rare in the pediatric
population, Navelke et al. reported an incidence rate of 2.8 per million in children and
young adults less than 30 years of age [2]. However, it has been pointed out that there
is an increase in the prevalence and incidence of NETSs, probably due to improved

diagnosis [3].

Over 90% of the NETs found in children are located in the appendix but tumors can
arise from neuroendocrine cells anywhere in the body [4]. It has been reported that

10-20% of these tumors in the pediatric population are metastatic at diagnosis [2].

Symptoms depend on the site and size of the tumor. Appendiceal tumors typically
present with acute abdominal pain from appendicitis [1]. They are seldom metastatic

and are considered to have an excellent overall survival approaching 100% [5].

The most common pulmonary tumors in the pediatric population are bronchial NETs
[4]. At an early stage, patients are often asymptomatic, so diagnosis is often
established after clinical symptoms are later evident. Symptoms include coughing,
dyspnea, chest pain, wheezing and nearly 50% of these patients will present with
pneumonia [6]. Carcinoid syndrome is rare in the pediatric population as most young

patients do not have metastatic disease to the liver [6].

Surgery, notably tumor resection, is the first line of management for localized NETs

[7,8]. However, complete resection is often not possible in those with metastatic



disease [1]. Whilst all NETs will mandate resection, residual local disease and
metastases may remain [6]. For these patients treatment options may include
somatostatin analogs, molecularly targeted therapy, cytotoxic chemotherapy, and

peptide receptor radionuclide therapy (PRRT) [1].

Neuroendocrine tumors are thus uncommon in the pediatric population, consequently
comprehensive reports detailing outcomes are often based on limited index case
numbers. The aims of this systematic review were therefore firstly to systematically
analyze (i) clinical outcome metrics of pediatric NET and secondly (ii ) identify risk

factors for mortality.

. Material and methods

2.1. ldentification and selection of studies

According to PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-
Analyses) guidelines, a comprehensive search in PubMed and Embase databases
was performed using the following terms as keywords: ‘Neuroendocrine Tumo(u)r’ in
combination with terms ‘child’, ‘p(a)ediatric’, ‘outcome(s) ’, ‘adolescent’. All articles

published up to January 10 2025, were included in the final study review.

2.2. Inclusion and exclusion criteria

We included all articles with outcomes of pediatric NET (0—18 years) in the study.
During the title and abstract screening, we excluded papers with case reports (<3

patients) and papers that were not available in English language. Papers where



pediatric patients could not be analyzed separately from adults and those where NET
could not be analyzed separately from other varied diagnoses were not included. Also,
manuscripts with insufficient (N) numbers (<3) of pediatric NET patients were similarly

excluded. (Figure 1)

2.3. Data extraction and analysis

The included articles were independently reviewed by both study authors (OT & AR)
and final selection approved by the senior author (PDL). The extracted data included
patient sex, age, tumor location and size, potential metastasis, treatment, potential
recurrence (either local or distant), length of follow-up, outcome (s), and mortality.
Surgical resection was defined as complete (no residual tumor with clean margins) or
incomplete (residual tumor and/or tumor extension to resection margin) where
available. Both microscopic and macroscopic margins were included. Survival was

defined as the overall survival of the whole follow-up period.

2.4. Statistical analysis

Chi-Square and Fisher’'s exact tests were utilized to analyze categorical variables.
Kaplan-Meier analysis was used for survival analysis and multivariable logistic
regression for risk factors for mortality. A significance level of p < 0.05 (two-tailed) was
set. Analyses were performed using JMP Pro, version 18.2.1 for Windows (SAS

Institute Inc., Cary, NC, USA).

3. Results



We undertook a systematic review through different databases and identified 6761
studies. After duplicates were excluded, 5821 studies were then evaluated. Inclusion
criteria were met in 234 papers after screening the titles and abstracts, of which four
were not able to be retrieved. In total 230 papers were thus assessed. Inclusion criteria
were met in 83 papers with 3,829 NET patients (1917 females — 52%) (Figure 1). The
papers that were included in the final study were published from 1946 to January 10th,
2025. Individual data was available in some 49 studies encompassing 522 patients
and the number of individual patients in different studies ranged from 3 to 31 [5,9-56]

(Supplementary table). The mean follow-up period was 67 months.

In our systematic review, the overall survival rate was 93.2%. The most common tumor
sites included appendix (30%), adrenal gland (19%), pancreas (19%) and bronchus
or lungs (14%). Whilst pheochromocytoma are included among the broader and wider
classification of NET tumors in the pediatric age group debate with regard
classification and outcomes may be varied in adult populations. Tumor site had a
major role in influencing survival (p<0.001), thymus (37.5%), liver (50%),
gastrointestinal tract excluding the appendix (75%), adrenal gland (92.7%), pancreas
(93.6%) and appendix (99.4%) — Figure 2. However, the total number of patients
overall was small, regarding tumors located in the thymus, liver and gastrointestinal

tract excluding the appendix - Table 1.

Surgical tumor resection was the mainstay of treatment in most patients (95%), while
the remaining cases were managed medically. Recurrence was observed in 35
patients (8%), with 27 (7%) requiring surgery. Recurrence rates were notably

associated with the tumor site (p=<0.0001). Highest recurrence rates (%) were



observed with tumors in the thymus (42.9%), liver (40%), gastrointestinal system
excluding the appendix (20%), parathyroid (16.7%), adrenal gland (14.6%) and
bronchopulmonary sites (10.9%). No statistical differences were associated with

recurrence (%) after positive margins at primary operation (p=0.07).

Adjuvant treatment, either chemo or radiotherapy was administered to 48 index
patients (12%). Overall, 94% of patients survived, with 86% (n=378) having no
evidence of disease, 8% (n=37) were alive with disease at follow up and 29 (6%) died
of progressive disease. Overall survival was reassuringly excellent, but certain tumor

sites, especially liver and thymus, were associated with significant mortality (Figure 2).

In univariate analysis, large tumor size was associated with a higher mortality
(p=0.018), also positive margins at primary operation (p<0.001), and metastatic
disease (<0.0001) were notably associated with poorer prognosis. There were no
significant differences found in survival (%) depending on patient age (p=0.74) or sex
(p=0.33). We also noted no significant difference(s) in recurrence rate (%) according
to sex or age (p=0.60 for both). In multivariable analysis, only metastatic disease was
a significant predictor of mortality (p=0.04) and large tumor size for recurrence
(p=0.01). In subgroup analysis, there were 28 mortalities among 343 patients with
extra-appendiceal NET lesions while only one death was reported in 159 appendiceal
NETs, p<0.001). Also, mortalities were significantly more common in those with

metastatic (46%) vs. localized disease (2.3%), p<0.001 — Figure 3).



Tumor site Number of patients (%)  Mortality (%)
Appendix 159 (30.5) 1 (0.6)
Extra-appendicular tumors 363 (69.5) 28 (8.2)
Adrenal gland 100 (19.2) 7 (7.3)
Pancreas 99 (19.0) 6 (6.4)
Bronchus / lungs 71 (13.6) 2(3.1)
Thyroid gland 32 (6.1) 0
Parathyroid gland 12 (2.3) 0
Liver 9(1.7) 3 (50.0)
Thymus 8 (1.5) 5 (62.5)
Other gastrointestinal site(s) 8 (1.5) 2 (25.0)
Localized tumor 442 (91.9) 10 (2.3)
Metastatic disease 39 (8.1) 16 (41.0)
Total 522 29 (5.8)

Table 1: NET tumor sites and reported mortality (%)

. Discussion

Pediatric NET are typically very rare tumors that in most cases are benign in nature.
In this systematic review study, the overall survival rate was 93.2%. Ankestjerne et al.
recorded a zero-mortality rate in their report from Denmark covering the study period
1995-2020 [4]. The appendix is the most common site of origin for pediatric NET
tumors which is compatible with prior limited pediatric reports [4,23,57]. This
systematic review study shows that anatomical tumor site is the most important

prognostic factor for patients. In multivariable analysis, metastatic disease was the



only significant prognostic factor. Recurrence of tumor is also highly dependent on the

tumor site origin, both of which were also recorded by Degnan et al. [19].

Certain anatomical sites such as the thymus gland and liver are associated with poorer
prognosis. In the adult population the survival rate of thymus NET is highly dependent
on histological stage and are more often higher-grade lesions, with the 5-year survival
varying from 30-100% depending on the histology [58]. NET of the liver are rare also
in the adult population and therefore clinical characteristics and survival outcomes are
still not fully understood. Li et al. assessed a SEER database and found that poorly
differentiated tumor grades and no surgery were associated with poorer prognosis, as
well as patient age and unmarried status [59]. The survival of adult patients with
pancreatic neuroendocrine tumors has increased over time, with no clear reasons [60].
A large population-based study using SEER data suggested that the functional status
of the tumor is an independent prognostic factor. In a separate study authors report
that overall survival in all cases was 28 months [60]. In our current study we observed
an overall survival of 94%, which may be influenced in part by sparsity of individual
data in several papers on pancreatic NET. Similarly, the observed poorer survival with
liver and thymus gland NETSs, are likely based on a small number of index patients,
which may increase the risk of bias. Appendiceal NET tumors in the pediatric age
groups in this current systematic review study and now more recent published work

continues to carry an excellent prognosis reaffirming our investigative findings [61,62].

Virgone et al. comprehensively reviewed the Italian TREP database comprising
patients harboring extra-appendicular NET tumors for the study time period 2000-2020
[55]. They reported that localized disease and complete surgical resection were major

prognostic features. In our current study we did not find any significant difference(s)



with recurrence (%) associated with positive margins found at primary operation.
However, our data have shown that positive margins and metastatic disease were

associated with higher mortality.

The need for adjuvant treatment in the pediatric population is rare [23]. Virgone et al.
claimed that it is difficult to accurately determine the effects of multimodal therapies
including chemotherapy or somatostatin analogs on survival [55]. Some 12% of index

patients in the current study appeared to receive adjuvant treatment.

The size of NET tumor in this systematic review study was notably associated with
tumor recurrence (%). Venara et al. in a publication in 1998 noted that tumor size alone
did not seem to be a reliable outcome predictor in adrenal cortical NET tumors [54].
Degnan et al. in 2017 recorded from their retrospective study analysis and review of
45 cases that tumor size independently corresponded with recurrence (%) and
metastases [19]. However reassuringly in appendiceal NET tumors, appendectomy is
associated with excellent long-term survival, regardless of tumor size. Similar

favorable outcomes were reported in 2016 in a study from de Lambert et al. [63].

In this systematic review we found that there were no significant differences in
recurrence rates (%) depending on sex or patient age. Ankestjerne reported a female
predominance [4] as did Degnan et al. specifically with regard bronchial NET [19].
However, with regard appendiceal NET neoplasms male vs female gender rates were
equivalent and with extra-appendiceal tumor sites there was a predominance in the
male population [19]. In this current systematic review study some 52% of index cased
were female. We found in this report there were no significant differences noted in

tumor location dependent on patient sex.



To the best of our knowledge, this is the first comprehensive systematic review study
seeking to better understand the unique characteristics and behavior of NET tumors
in the pediatric population. We fully acknowledge there are certain inherent limitations
to the current study including variations in after care follow up of patients, methods of

data reporting, and incomplete data on individual patients.

. Conclusion

NETs are rare tumors in the pediatric population with predominantly a favorable
outcome. Probably due to improved diagnosis, the incidence and prevalence rates
appeared to have increased. Complete surgical resection (RO) is crucial, as positive
surgical margins may predispose to mortality. Similarly, larger tumor size, metastatic
disease burden and certain anatomical tumor sites are associated with worse

outcome(s).
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