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Abstract. Ganglioneuroma, a rare neural crest‑derived tumor, 
exhibits a benign profile in contrast to other neuroblastic tumors 
(neuroblastoma/ganglioneuroblastoma). Ganglioneuromas 
can be found anywhere autonomic ganglia are located, 
mostly abdominal/pelvic sites followed by the adrenal glands 
(one‑third of cases), mediastinum/thorax and cervical area. 
Affecting especially children more than 10  years of age, 
Ganglioneuroma is either asymptomatic or may cause local 
compressive effects; rarely inducing nonspecific abdominal 
complains or arterial hypertension related to oversecretion 
of epinephrine/norepinephrine/dopamine. Despite a good 
prognosis, adrenalectomy is necessary in order to rule out a 
malignancy. Open procedure represents the standard thera‑
peutic option; alternatively, centers with large laparoscopic 
pediatric experience and good stratification protocols have 

reported successful procedures. High uptake of I123‑MIBG is 
associated with a more severe outcome in cases with increased 
mitotic index. In neuroblastic tumors, neuron‑specific 
enolase >33 ng/ml, age at diagnosis <49 months, and blood 
vessel invasion indicate a poor prognosis. Concurrent 
extra‑adrenal/adrenal ganglioneuroma is associated with 
a more severe prognosis; post‑surgical complications are 
more frequent in non‑adrenal vs. adrenal ganglioneuroma. 
Exceptionally, immune‑mediated paraneoplastic neurologic 
syndromes have been reported: anti‑N‑methyl‑D‑aspartate 
receptor encephalitis and opsoclonus‑myoclonus‑ataxia 
syndrome. ROHHAD syndrome is the underlying cause 
in 40‑56% of cases of neuroendocrine tumors including 
ganglioneuroma; 70% of tumors are diagnosed within the 
first 24 months after hypothalamic obesity onset, associ‑
ated with a severe prognosis due to hypoventilation, sleep 
apnea, and dysautonomia. Recently, the PKB/AKT/mTOR/S6 
pathway was identified as a tumorigenic pathway in pediatric 
ganglioneuroma, not in neuroblastoma; mTOR inhibitors are a 
potential option for pre‑operatory tumor shrinkage. Pediatric 
adrenal ganglioneuroma has a good prognosis if adequately 
treated; its recognition requires adrenalectomy. Further devel‑
opment of specific biomarkers is needed. In the present article, 
we aimed to introduce a review of the literature involving 
adrenal ganglioneuroma based on a practical, multidisci‑
plinary perspective of prognostic factors.
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1. Introduction

Adrenal tumors in children are associated with a broad range 
of presentations most of which have an aggressive profile such 
as neuroblastoma, poorly differentiated pheocromocytoma 
and adrenocortical carcinoma  (1). Mostly benign features 
are found in pure cystic lesions  (2). Neuroblastoma, 
ganglioneuroma and neuroblastoma‑ganglioneuroma (also 
called ganglioneuroblastoma) originate from neural crest 
progenitor cells/sympathogonia (including adrenal medulla), 
so called neuroblastic tumors, together representing the most 
frequent extracranial solid pediatric tumors. At the end of the 
aggressive spectrum, there is neuroblastoma, while at the other 
end exhibiting generally considered benign features there is 
ganglioneuroma (3). Adrenal medulla is also the origin of 
pheochromocytomas with different grades of differentiation 
and associated malignant potential and also composite 
pheochromocytoma, a distinct rare entity (4,5).

Ganglioneuroma, a benign tumor of neuroblastic type, 
originates from the autonomous sympathetic nervous system, 
either central or peripheral; thus, the sites can be anywhere in 
relationship to the presence of autonomic ganglia such as the 
adrenals, retroperitoneum, mediastinum/thorax, and cervical 
area (4,5). Ganglioneuroma is considered to be a tumor with 
the least aggressive profile among all neuroblastic tumors 
since it exclusively has mature cells; it is also the rarest tumor 
of this category (6). One‑third of ganglioneuromas are located 
at the adrenal level (7). Ganglioneuromas are typically found 
in patients over 10 years of age; they are asymptomatic or they 
are associated with compressive local effects (7).

Surgery is required when a clear identification of 
the ganglioneuroma cannot be done in the absence of a 
post‑operative histological report or when the tumor is large or 
is associated with local compressive symptoms (8). Overall, a 
very good prognosis is described (8).

The largest meta‑analysis concerning ganglioneuroma, 
regardless of age, was published in  2021 (including 
published cases on PubMed between 1995 and 2018); they 
found 364 cases; 65.7% were adults; female predominance 
(62%); incidental detection in 24.5% of all cases; and 
most frequent sites were abdomen/pelvis (66.2%) followed 
by adrenal ganglioneuroma (32.1%). Post‑operative 
complications were the rarest after adrenalectomy (1%) 
when compared to head, neck and thorax location; and no 
recurrence was reported confirming the benign behavior 
independent of age (9).

2. Aim of the review

We aimed to introduce a review of the literature involving 
adrenal ganglioneuroma based on practical, multidisciplinary 
perspective of prognostic factors.

This is a narrative, PubMed‑based review of literature 
focused on practical points regarding ganglioneuroma and 

prognostic factors. We cited 73 papers published within the last 
10 years (published between 2021 and 2012). The researched 
key words in different combinations included ‘ganglioneuroma’, 
‘neuroblastoma’, ‘pediatric’, ‘children’, ‘adrenal’, ‘outcome’, 
‘prognostic’. The criteria of inclusion were practical and clinical 
relevance. We only included full length, original, English 
language published papers with various degrees of statistical 
power due to the rarity of the tumor.

3. Presentation of an adrenal ganglioneuroma

Adrenal ganglioneuromas usually lack specific signs 
and symptoms. It has a negative endocrine profile, but it 
has the potential to mimic other adrenal cancers when 
it comes to imaging findings; thus, the importance of its 
removal in order to obtain post‑operative pathological 
identification (10). Non‑specific abdominal distention and 
complaints which are not directly regarded as a marker 
of poor prognosis have been described; oversecretion of 
epinephrine/norepinephrine/dopamine is exceptional; also 
high blood pressure is extremely rarely associated (11,12). 
Exceptionally, immune‑mediated paraneoplasic neurologic 
syndromes have been reported including: NMDAR 
(anti‑N‑methyl‑D‑aspartate receptor) encephalitis and 
opsoclonus‑myoclonus‑ataxia syndrome (13).

At imaging evaluation, a cutoff of 3 cm has been suggested 
between large and small adrenal ganglioneuroma with 
respect to different behaviors (14). High uptake of I123‑MIBG 
(metaiodobenzylguanidine) is associated with a poor prog‑
nosis as seen in neuroblastomas and ganglioneuromas with 
increased mitotic index; while some tumors, regardless of 
whether they are ganglioneuromas or neuroblastomas, are 
I123‑MIBG‑negative. In addition, false‑positive results are due 
to focal nodular hyperplasia (15,16).

One study on pediatric and adult ganglioneuromas showed 
that 27 out of 53 were adrenal tumors. Overall, the age interval 
was between 1.7 years and 64 years (mean of 31 years), the 
median tumor size was 8 cm. A negative hormonal profile was 
confirmed and two‑thirds of the adrenal ganglioneuromas were 
incidentally detected (17). Another large study on 345 subjects 
with neuroblastic tumors (24.6% were ganglioneuromas 
and 75.4% were neuroblastomas) demonstrated that the 
most important factors for malignancy prediction were: 
A pre‑operatory level of serum neuron‑specific enolase higher 
than 33 ng/ml, an age at diagnosis younger than 49 months, 
and blood vessel invasion (18).

4. Syndromic circumstances

Rapid Obesity with Hypoventilation, Hypothalamic 
dysf unct ion  a nd Autonom ic  Dysregu la t ion  a nd 
NEuroendocrine Tumor [ROHHAD(NET)] syndrome or 
ROHHAD syndrome is an exceptional rare syndrome, 
first described in 2007, with a high risk of fatal outcome 
in children aged between 2 and 4 years (19,20). It consists 
of hypothalamic obesity similar with monogenetic obesity 
syndromes, psychiatr ic conditions, hypoventilation 
complicated with pulmonary hypertension, sleep apnea, and 
dysautonomia following obesity within a few years (21,22). In 
addition, tumors originating from the neural crest including 
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ganglioneuroma have been reported, indicating that 40‑56% 
of patients develop a neuroendocrine tumor including a 
ganglioneuroma and 70% of them are detected within the 
first 24 months after the onset of obesity (23,24). No specific 
marker is an adequate prognostic predictor under these 
severe circumstances and the genetic background is still 
unknown (25). The initial evidence of ROHHAD syndrome 
is rapidly progressing obesity in a previous healthy child (24).

Limited data concerning the association between pediatric 
ganglioneuroma and papillary thyroid cancer or multiple 
endocrine neoplasia (MEN) type 2A syndrome are available to 
date (26). In addition, a report of Turner syndrome for a patient 
with ganglioneuroma is probably incidental (27). One girl with 
constitutional 11q interstitial deletion syndrome was reported 
with concurrent adrenal neuroblastoma and prevertebral 
ganglioneuroma (28). A case of a 13‑year female with adrenal 
ganglioneuroma and a syndrome of hereditary spherocytosis was 
previously published, probably also an accidental association (29). 
Neurogenic tumors of different locations include a large range 
of Schwann cell originating tumors with or without neuroblastic 
differentiation, and ganglioneuromas need to be differentiated 
from schwannomas or neurofibromas, also associated with 
classical features of neurofibromatosis type 1 syndrome (30,31). 
A few cases of gastrointestinal ganglioneuromatosis associated 
with the presence of neurofibromatosis type 1, MEN type 2B 
syndrome and Cowden syndrome (PTEN gene mutation) have 
been reported (32).

5. Extra‑adrenal ganglioneuroma

Extra‑adrenal ganglioneuroma may be present in a patient 
as a single neuroblastic tumor or, rarely, synchronously in 
two different locations; concurrent adrenal and non‑adrenal 
ganglioneuromas are associated with a more severe prognosis 
than a single adrenal mass (33). Cervical ganglioneuromas 
originate from Schwann cells of cervical sympathetic ganglia 
or are related to vagus/hypoglossal nerves; they need to be 
differentiated from head and neck tumors of soft tissue (34). 
The confirmation comes after tumor removal and consecutive 
histological report, as seen in adrenal ganglioneuroma (35). 
Excision is necessary despite the slow rate of growth, because of 
compressive local symptoms such as Claude‑Bernard‑Horner 
syndrome (ptosis, myosis, facial anhidrosis and flushing) (36).

The prognosis is good but surgery is needed first because 
of the many alternative diagnoses concerning cervical masses 
(carotid body tumor, ectopic parathyroid, ectopic thyroid) that 
cannot be identified without adequate pathological examination 
and second, due to tumor‑related vagus/hypoglossal nerve 
damage or Horner syndrome (which otherwise has been 
described also as a complication of neoplasia removal) risk 
which may aggravate the overall clinical picture and associated 
permanent damage (37,38). Resection of head and neck, pelvis or 
mediastinal ganglioneuromas has a higher risk of post‑operative 
complications when compared to adrenal ganglioneuromas 
while the presentation depends on the local anatomy (39).

6. Ganglioneuroma as adrenal incidentaloma

The imaging findings of an adrenal ganglioneuroma as an 
incidentaloma is not rare, resulting less from tumor‑related 

complications, but more from non‑tumor associated elements 
that require an abdominal ultrasound or an abdominal 
computed tomography/magnetic resonance imaging (40,41). 
The examination of adrenal glands represents a standard 
routine procedure during abdominal ultrasound both in 
children and adults (42). The detection of an asymptomatic 
adrenal ganglioneuroma may be conducted later during adult 
life, but generally adult tumors that are diagnosed as a true 
adrenal incidentaloma (non‑functioning tumor with a low rate 
of growth, without suspected malignancy) are not referred for 
surgery by endocrinologist since the incidence of an adrenal 
incidentaloma is age dependent and they generally involve a 
low index of suspected aggressive behavior (43,44).

A study on 1,784 patients admitted between 2002 and 2015 
for adrenalectomy showed that for 1.9% of the patients who 
were confirmed with ganglioneuroma (mean age of 33.4 years) 
that pre‑contrast Hounsfield units (HU) at pre‑operative 
computed tomography and higher post‑contrast phase 
attenuation are suggestive for a ganglioneuroma in association 
with well‑shaped margins  (3). Nevertheless, an adrenal 
incidental finding in the pediatric population requires a 
complete endocrine panel of investigation and subsequently 
the patient is referred for adrenalectomy as there is no ‘true’ 
incidentaloma (a tumor underlying a cortical adenoma) at this 
segment of age (44).

7. Pediatric adrenalectomy

Subtotal adrenal resection is performed by some centers; 
otherwise, it is not a standard of approach (3). A study of 
808  patients with neuroblastic tumors who underwent an 
adrenalectomy between 2000 and 2010 identified 162 cases 
of ganglioneuroma (20%); 70% of the ganglioneuromas 
had complete removal, the others had a subtotal resection 
that seemed safe for a median follow‑up of 44 months after 
surgery (3). Since the degree of tumor differentiation cannot 
be exactly known before adrenalectomy (meaning that the 
tumor may be a neuroblastoma or a ganglioneuroblastoma), 
complete excision is encouraged (45).

A retrospective study in 2020 on 50 subjects (6/50 
were ganglioneuromas) with a mean age of 4.8 years who 
underwent an adrenalectomy between 2007  and  2017 
showed that the decision of surgery (laparotomy, which was 
more frequently used vs. laparoscopy) was based on tumor 
size at imaging assessment and image defined risk factors 
(IDRFs) (46). In one study from the Mayo Clinic focusing on 
pediatric surgery between 1993 and 2012, surgery performed 
for different endocrine conditions found in 241 cases aged 
less than 19 years, one case of ganglioneuroma  (47). The 
adrenalectomies performed for various tumors were either 
laparoscopic or open (47).

Minimal access adrenal surgery (MAAS) is the standard 
for pediatric adrenal surgery in centers with large experience 
in laparoscopy (48). A multi‑centric, retrospective European 
study between 2002 and 2013 included 68 children with a 
mean age of 5.2 years (3/68 were ganglioneuromas); 92.6% 
of the studied population had a trans‑peritoneal access 
and 7.4% had a retro‑peritoneal access while conversion to 
open approach was not needed (49). Laparoscopic approach 
represents a good alternative to standard open approach 
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in children, but it requires a specific pediatric experience 
independent of tumor pre‑operative features (50). Anterior 
vs. retroperitoneal approach is indicated in large tumors and 
in subjects with smaller retroperitoneal space (51). Currently, 
the open technique is recommended, but minimally invasive 
surgery may be used based on the surgeon's experience and 
pre‑operative risk stratification assessments (52).

8. Advanced biomarkers

Recently, the protein kinase B (PKB)/AKT system 
was detected as a tumorigenic pathway in pediatric 
ganglioneuroma and mechanistic target of rapamycin (mTOR) 
inhibition may help (53). The AKT/mTOR/S6 mechanism is 
related to ganglioneuroma, not neuroblastoma (54). Potential 
use of mTOR inhibitors is yet to be determined, possibly as 
pre‑operative medication to reduce the tumor size in order 
to facilitate complete neoplasia surgical removal  (53,54). 
Moreover, transcription factor insulinoma‑associated protein 1 
(INSM1) was found to be positive in aggressive neuroblastomas 
and ganglioneuromas, and its role as a prognostic factor is yet 
to be determined (55).

Other poor prognostic biomarkers are limited to the 
aggressive profile of neuroblastomas, not ganglioneuroma. 
These include epithel ia l‑mesenchymal t ransit ion 
(EMT)‑related pre‑mRNA processing factor 19 (Prp19) (56). 
The Bcl‑2 gene, related to programmed cell death, 
encodes an oncoprotein that has been suggested to help the 
differentiation between ganglioneuroma/neuroblastoma based 
on Bcl‑2 immunostaining, but currently it is not considered a 
relevant prognostic marker (57). However, when it comes to 
neuroblastoma, an aggressive neural crest‑derived tumor with 
an overall survival rate of less than 50%, several abnormal 
signal transduction pathways have been identified including: 
TP53, ALT, ADAM22, ATRX, GAL, RAS/MAPK, KLHL13, 
β3‑adrenergic receptor, and TWIST1 (58,59). HuC/D, an RNA 
binding protein, may be a marker of neuroblastic cells but not a 
distinctive factor between neuroblastoma/ganglioneuroma (60). 
Tyrosine hydroxylase (TH) has been used as a sympathoadrenal 
marker for tumors originating from the neural crest, and 
currently Phox2B has been confirmed to be a better marker 
especially for undifferentiated neuroblastoma and cases with 
negative TH expression (61).

Another novel imaging biomarker is the use of the 
apparent diffusion coefficient (ADC) derived from magnetic 
resonance quantitative analysis in cases with neuroblastic 
tumors to improve the assessment in the absence of surgery or 
pre‑operatively (62).

9. Future considerations

Several aspects are still an open subject concerning the field 
of ganglioneuroma. One is related to the complex panel of risk 
factors related to tumor appearance. Whether or not maternal 
and intra‑fetal exposure to different endocrine disruptors may 
be a contributor to early tumorigenesis is yet unknown (63). 
There is also a need for developing scoring systems for 
adequate management which is a relatively difficult issue since 
the level of statistical evidence is heterogeneous due to the 
rarity of the tumor (64). Another aspect is the fact that, except 

for symptomatic or hormonally active cases and situations 
where imaging follow‑up shows a certain rate of tumor growth, 
tumor removal may not seem imperious; however, until 
complete histological evaluation and profiling of the lesion 
are conducted, a malignancy cannot be otherwise excluded. 
Thus, the importance of, not only a positive diagnosis, but 
also of a differential diagnosis as provided after surgery in 
adrenal as well as non‑adrenal ganglioneuroma cases, must be 
stressed (65).

In regards to pediatric adrenalectomy, the skill and 
experience of the surgeon represent the key factors by which 
to select the procedure. Thus, there are no clear‑cut general 
recommendations (66‑68). In contrast to this, the same procedure 
in adults has an excellent outcome using the laparoscopic 
approach which is preferred in most situations, except for very 
large, potentially malign, invasive adrenal masses (66‑68). It 
is well known that the term ‘adrenal incidentaloma’ which is 
mostly associated with an adrenocortical adenoma in adults, is 
controversial in children as tumors such as ganglioneuroma may 
embrace this scenario; however, tumor removal seems essential 
in this situation, in contrast to adult adrenal incientaloma, which 
requires in most cases just a periodic endocrine assessment and 
serial imaging follow‑up (69‑71).

10. Conclusions

Pediatric adrenal ganglioneuroma represents a tumor with a 
good prognosis if adequately treated. However, its recognition 
requires adrenalectomy which is associated with a good 
outcome when compared to other surgical procedures for 
non‑adrenal ganglioneuromas. A syndromic context makes the 
overall outcome more severe. Further development of specific 
biomarkers is needed.
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