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Abstract. Ganglioneuroblastoma (GNB), predominantly 
observed in children, is an uncommon malignant tumor in 
adults, with established treatment protocols notably lacking. 
The present study details the case of a 20‑year‑old woman who 
presented with a left adrenal gland mass, identified during a 
physical examination. Additionally, an unidentified mass 
was noted near the renal hilum in the preoperative evalua‑
tion. Following thorough preoperative preparation, both the 
primary adrenal gland mass and the renal hilar mass were 
surgically removed. The procedure concluded successfully. 
Pathological analysis confirmed that the left adrenal mass 
was a GNB and identified the renal hilar mass as a meta‑
static extension. Postoperative examination revealed a new 
formation at the original surgical site, later verified as a post‑
operative scar. Through the publication of a case report and 
extensive literature review, the present study aims to enhance 
our understanding of this condition, providing valuable diag‑
nostic, therapeutic and post‑recovery references for this rare 
adult disease.

Introduction

Peripheral neuroblastic tumors (pNTs) are malignant 
neoplasms originating from multipotential sympathetic 
neuroblasts, which themselves differentiate from embryonic 
primitive neural crest cells. These tumors are predominantly 

located along the sympathetic nervous tract. Classification 
of pNTs, based on the ratio of Schwann cells to neuroblasts 
and the extent of cellular maturation and differentiation, 
includes neuroblastoma (NB), ganglioneuroblastoma (GNB) 
and ganglioneuroma (GN) (1). GNB is comprised of elements 
of both malignant NBs and benign GNs, meaning that it 
has intermediate malignant potential (2). GNB features 
intermediate cell types with varying degrees of maturation, 
reflecting the biological heterogeneity of pNTs and their 
differentiation and maturation capabilities. The pathogenesis 
of GNB is commonly attributed to the abnormal develop‑
ment, maturation or regression of primitive neural crest cells 
or neuroblasts (3). GNBs are very rare, with an incidence of 
~0.5 cases per 100,000 individuals in the pediatric population. 
In the adult population, the incidence of GNB is even rarer, 
with <0.01 cases per 100,000 individuals (4). The clinical 
symptoms are non‑specific, complicating the preoperative 
diagnosis, and the definitive diagnosis relies on the postopera‑
tive pathological examination (5).

The present study reports the case of an adult female 
diagnosed with left adrenal GNB, accompanied by metastasis 
near the renal hilum. To enhance comprehension of this rare 
tumor, a comprehensive literature review was also conducted, 
focusing on the clinical manifestations and pathological 
features of GNB, and summarizing the current knowledge on 
its diagnosis, treatment and prognosis. The study aims to offer 
valuable insights for the effective understanding and manage‑
ment of this uncommon condition.

Case report

A 20‑year‑old woman, with no prior history of disease, presented 
with the incidental discovery of a left adrenal mass during a 
routine physical examination in September 2022 at The First 
People's Hospital of Yunnan Province (Kunming, China). A 
computed tomography (CT) scan revealed an oval, soft‑tissue 
density shadow in the left splenorenal space, ~5.7x4.1 cm in 
size. The mass exhibited mild arterial phase enhancement and 
persistent venous phase enhancement, with heterogeneous 
contrast (Fig. 1A). Initially, the radiologist diagnosed it as a 
left adrenal gland adenoma. The patient's overall health was 
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satisfactory, and a comprehensive physical examination was 
otherwise normal. Laboratory tests indicated plasma catechol‑
amines levels as follows: 3‑methoxytyramine, <0.08 nmol/l 
(normal reference, <0.18 nmol/l); methoxyadrenaline, 
0.12 nmol/l (normal reference, ≤0.5 nmol/l); and methoxynor‑
epinephrine, 0.3 nmol/l (normal reference, ≤0.9 nmol/l). A 24‑h 
urine specimen revealed the following: Methoxyadrenaline, 
118 nmol/24 h (normal reference, <216 nmol/l/24 h); 
methoxynorepinephrine, 179 nmol/24 h (normal reference, 
<312 nmol/l/24 h); 3‑methoxytyramine, 413 nmol/24 h 
(normal reference, <382 nmol/l/24 h); and urinary cortisol, 
32.9 µg/24 h (normal reference, 3.5‑45 µg/24 h). In a standing 
and supine position, whole‑body blood analysis showed renin 
at 99.8 (normal reference, 4.0‑38.0) and 15.0 pg/ml (normal 
reference, 4.0‑24.0 pg/ml), respectively, adrenocorticotropic 
hormone at 15.052 and 31.276 pg/ml (normal reference, 
7.200‑63.400 pg/ml), respectively, cortisol at 15.008 and 
18.108 µg/dl (normal reference, 4.260‑24.850 µg/dl), respec‑
tively, and aldosterone at 275.173 pg/ml (normal reference, 
40.000‑310.000 pg/ml) and 114.743 pg/ml (normal reference, 
10.000‑160.000 pg/ml), respectively. The adrenal function 
tests were within normal limits, except for an elevated 24‑h 
urinary 3‑methoxytyramine level and standing plasma renin 
concentration. Liver and kidney function tests showed total 
protein at 60.9 g/l (normal reference, 65‑85 g/l) and globulin 
at 19.9 g/l (normal reference, 20‑40 g/l), both slightly below 
normal, and uric acid at 420 µmol/l (normal reference, 
178‑416 µmol/l), slightly above normal. Among the tumor 
markers, the carbohydrate antigen 72‑4 level was 8.93 U/ml 
(normal reference, 0.0‑6.9 U/ml). The urinary routine indi‑
cator urinary biliogen was measured at 34 µmol/l, which 
was marginally elevated. Other parameters such as blood 
routine, electrolyte level and coagulation function were within 
the normal ranges. For enhanced preoperative planning, a 
three‑dimensional reconstruction of the preoperative mass 
area was performed. This process unexpectedly revealed 
a small‑diameter mass near the renal hilum and adjacent to 
the left renal artery (Fig. 2A and B), suggesting a potential 
metastasis from the primary tumor. However, the proximity 
of the two masses did not eliminate the possibility of multiple 
separate tumors, thereby challenging the initial adenoma 
diagnosis.

Following meticulous preoperative planning and prepara‑
tion, a laparoscopic resection of the left adrenal tumor was 
executed. Intraoperative observations corroborated the prior 
assessment of tumor metastasis. Leveraging the insights from 
the preoperative three‑dimensional reconstruction, both the 
primary adrenal mass and the adjacent renal hilum mass 
were successfully excised. The perioperative period was 
uneventful with no complications. Postoperative pathological 
evaluation confirmed the renal hilum mass as a metastatic 
lesion originating from the adrenal GNB. The excised tumor 
was bifurcated for analysis. The adrenal mass presented as an 
oval, solid entity with an intact capsule, measuring ~7 cm in 
diameter. The tumor adjacent to the renal hilum was a round 
mass, ~1.5 cm in diameter. Neither section exhibited nodules 
or bleeding, displaying a grayish‑yellow hue, with a slightly 
lobulated appearance (Fig. 2C and D). Histopathology and 
immunohistochemistry affirmed the diagnosis as intermixed 
GNB (Fig. 3). For histopathology, the specimens were 

fixed in 10% formalin solution for 14 h at room tempera‑
ture (22‑30˚C). Embedding was performed in paraffin, 
and sections were cut to a thickness of 4 µm. Hematoxylin 
(10‑30 min) and eosin (1‑3 min) were used as stains, at room 
temperature. Observations were made using a light micro‑
scope (CX43; Olympus Corporation), with a magnification of 
x40. For immunohistochemical analysis, paraffin‑embedded 
tissue sections were fixed in 10% formalin solution at room 
temperature for 14‑18 h and sectioned at a 4‑µm thickness. 
Synapsin (Syn) and glial fibrillary acidic protein (GFAP) 
were highlighted as representative in immunohistochemistry. 
The polymer method was employed to block endogenous 
HRP activity, with a 3% hydrogen peroxide solution applied 
for 10 min prior to primary antibody application to elimi‑
nate endogenous activity. The primary antibody for Syn 
(cat. no. MAB‑0742; Fuzhou Maixin Biotech Co., Ltd.) was 
used as supplied and incubated at 25˚C for 60 min. DAB 
staining revealed the cytoplasmic localization of the target 
antigen as brown, with nuclei counterstained blue with 
hematoxylin. GFAP (cat. no. MAB‑0769; Fuzhou Maixin 
Biotech Co., Ltd.) and Syn antibodies were also used for 
cytoplasmic staining. Observations were made using a light 
microscope (CX43), with a magnification of x100. The gross 
tumor specimen exhibited a partial capsule with a gray‑white 
to gray‑yellow, slightly firm texture, without visible tumor 
nodules. Immunohistochemical and hematoxylin and eosin 
(H&E) staining revealed neuroblastic components positive 
for neurofilament proteins and Nestin, with varying expres‑
sion levels of Syn, CgA, CD56 and S‑100, while GFAP was 
negative. The presence of Nestin‑positive ganglion cells 
and Schwannian stroma expressing S‑100 was noted. Under 
H&E staining, neuroblastic components did not form nodular 
structures, displaying a diffuse and small nested distribution. 
Ganglion cells and Schwannian stroma (>50%) were inter‑
spersed within. These findings led to the diagnosis of GNB 
intermixed type.

At 3 months post‑discharge, the patient returned for a 
follow‑up and a residual oval soft‑tissue density shadow, 
~3.5x2.0 cm, was detected by CT in the area of the initial surgery 
(Fig. 1B). This finding raised the possibility of recurrence. 
Consequently, a follow‑up positron emission tomography/CT 
scan was conducted, which indicated that recurrence of the 
aforementioned mass could not be discounted, although there 
was no evidence of systemic metastasis (Fig. 1C). Following 
internal discussions, it was deduced that while tumor recur‑
rence could not be entirely excluded, the likelihood of scar 
encapsulation within the surgical area was plausible. To refine 
this assessment, the opinion of an external expert in pediatric 
tumors was sought through a national multicenter consultation. 
The expert's opinion leaned towards postoperative changes 
and advised close monitoring. The patient underwent further 
follow‑ups at 7 and 12 months post‑surgery, during which 
the mass progressively diminished in size (Fig. 1D and E), 
corroborating the initial assessment. Consequently, no recur‑
rence or metastasis of the mass was observed during the 1‑year 
postoperative period. In the second year post‑surgery, it was 
recommended that the patient undergo follow‑up examina‑
tions every 3 months, and subsequently, every 6 months. The 
patient's most recent follow‑up revealed no discomfort, indi‑
cating a good recovery.
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Literature review

Previous reviews of the literature (6,7) reported ~50 cases of 
adult GNB. However, a search in the PubMed database (www.
pubmed.ncbi.nlm.nih.gov/?db=PubMed) using the terms 
‘ganglioneuroblastoma’ or ‘GNB’ combined with ‘adult’ 
yielded data inconsistent with these reports, particularly 
regarding basic information and case numbers. Data were 
modified and reorganized, excluding cases where patients 
were younger than 18 years at the onset of the disease, had 
significant missing clinical information or had mixed‑type 
tumors, resulting in the identification of 104 cases of adult 
GNB (4,6‑78) (Table I). The demographic breakdown included 
54 males and 50 females, yielding a male‑to‑female ratio of 

1.08:1. The mean age of the patients was 37.8 years (range, 
19‑88 years), with a median age of 34 years. The tumors 
appeared in various anatomical locations, with abdominal and 
pelvic involvement in 50 cases (48%), for which the adrenal 
glands were the most common site (29/50; 58%). This distribu‑
tion, with a nearly equal male‑to‑female ratio (15:14), aligns with 
recent findings by Stevens et al (79), but contrasts with those 
in the studies by Bolzacchini et al (66) and Vassallo et al (77), 
which reported a male predominance in adult adrenal GNB. 
Following the adrenal glands, other common sites included the 
retroperitoneum, abdomen, kidneys, pelvis, small intestine and 
ovaries. The intrathoracic cavity was another frequent location 
for adult GNB (23/104; 22%), predominantly the mediastinum. 
GNB in the central nervous system accounted for 19% of cases 

Figure 1. Imaging at admission and follow‑up. (A) Arterial phase imaging revealed a solid mass in the left adrenal gland, measuring ~5.7x4.1 cm in maximum 
diameter. (B) Imaging at 3 months post‑surgery indicated a solid mass in the region of the initial surgery, now measuring ~3.5x2.0 cm, suggesting the possi‑
bility of recurrence. (C) positron emission tomography‑computed tomography scans at 4 months post‑surgery showed no evidence of metastasis throughout the 
body. (D) Postoperative imaging at 7 months demonstrated a reduction in mass size compared with earlier findings, with a maximum diameter of ~2.6x2.0 cm. 
(E) At the 12‑month follow‑up, the mass exhibited further shrinkage, with a maximum diameter of ~2.6x1.8 cm. Red arrows indicate the mass.

Figure 2. Tumor specimen and preoperative three‑dimensional reconstruction. (A) Anterior view of the three‑dimensional reconstruction of the mass area: The 
yellow solid mass represents the primary tumor and the green solid mass indicates metastasis; the orange, brown and purple translucent sections represent the 
spleen, kidneys and pancreas, respectively; the red and blue sections correspond to the arteries and veins, respectively. (B) The posterior view demonstrates 
the close proximity of the metastasis to the left renal artery. (C) The excised left adrenal tumor specimen measured ~7 cm in diameter. (D) Both sections of the 
tumor exhibited no evident nodules or bleeding, presenting with a grayish‑yellow, slightly lobulated appearance.
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(20/104), most commonly affecting the brain and spinal cord. 
Additional rare sites included the neck (3/104; 3%), bones 
(3/104; 3%), parotid glands (2/104; 2%) and nose (2/104; 2%). 
Distant metastases were noted in 27 cases (26%), with localized 
infiltration in 15 cases (14%), indicating that ~40% (42/104) of 
patients experienced metastasis or dissemination. This finding 
corresponds with the research of LaBrosse et al (80). However, 
Schipper et al (7) reported a slightly higher incidence of 
metastasis or localized infiltration (56%) and purely localized 
infiltration (20%) in a study of 50 GNB cases.

Data analysis in the present study was performed using 
the R language (R Core Team), with a threshold of P<0.05 set 
for statistical significance. The analysis focused on the asso‑
ciation between seven clinicopathological factors and OS in 
patients, and concentrating on those with complete follow‑up 
data. Survival analysis was conducted using the Kaplan‑Meier 
method, with differences between categories within same 
groups assessed using the log‑rank test. The results indicated 
that factors such as patient sex, age, tumor size, primary tumor 
location, tumor pathology type and treatment regimen did 
not exhibit a statistically significant impact on OS (Fig. 4). 
However, the presence of local infiltration or distant metas‑
tasis was identified as a critical factor influencing OS rates 
(P=0.017) (Fig. 5). While traditional classification systems 
and several studies have categorized GNBn as having a poor 

prognosis and GNBi as having a favorable prognosis (81‑83), 
the present analysis revealed that the effect of different tumor 
pathology types on OS in adult patients was not significant. 
Given the importance of tumor infiltration and distant metas‑
tasis in determining patient OS, further analysis was conducted 
using χ2 tests and Fisher's exact probability tests. This analysis 
assessed the relationship between these outcomes and five clin‑
icopathological characteristics (Table II). The findings showed 
that tumor infiltration and metastasis were not associated with 
the patient's sex, age, tumor size or tumor pathological type, 
but were significantly associated with the anatomical location 
of the tumor (P=0.017) (Table II). The highest incidence of 
infiltration and metastasis was found in tumors situated in 
the abdominal cavity and pelvis, excluding the adrenal gland 
(12/16; 75%). By contrast, the infiltration and metastasis rates 
for adrenal and intrathoracic tumors were both at 50% (11/22; 
8/16), with the lowest incidence observed in central nervous 
system tumors (2/13; 15%).

Discussion

pNTs represent the most prevalent category of extracra‑
nial neoplasms in children, originating from the primitive 
neural crest. The International Neuroblastoma Pathology 
Committee revised the International Neuroblastoma Pathology 

Figure 3. Pathological and immunohistochemical analysis post‑surgical resection. (A) Neuroblast nests, varying in differentiation, were interspersed with 
fibrous vessels. Tumor cells exhibited either eosinophilic or weakly eosinophilic cytoplasm, enlarged nuclei, pale‑stained nuclei, prominent nucleoli and focal 
Homer‑Wright rosettes. Some cells were small and round with deeply stained, small nuclei and scant cytoplasm (hematoxylin and eosin; magnification, x40). 
(B) A diffuse or clustered arrangement of differentiated, mature ganglion cells was observed among proliferating small round cells and spindle‑shaped stroma 
(hematoxylin and eosin; magnification, x40). (C) Immunohistochemical staining showed synapsin positivity (magnification, x100). (D) Immunohistochemical 
staining indicated glial fibrillary acidic protein negativity (magnification, x100).
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Table I. Clinicopathological and therapeutic data of 104 cases of GNB obtained from the literature.

  Age,  Size,  Initial Outcome
First author, year Sex years Sites cm Metastasis treatment (months) Symptoms Histopathology (Refs.)

Busch et al, 1928  F 30 Retroperitoneal NA Liver RT DOD (36) NA NA (43)a

Crile et al, 1929 F 40 Neck NA None Surg DOD (several) NA NA (43)a

Hackel, 1930  F 43 Ganglion NA NA NA DOD (6) NA NA (43)a

Lewis et al, 1930 M 41 Neck NA Lung Surg DOD (several) NA NA (43)a

Schaffner M 35 Mediastinum 7.6 None Surg NA Horner's NA (8)
et al, 1937        syndrome
Butz, 1940 M 25 Adrenal NA Liver, LN NA NA NA NA (43)a

Bosse et al, 1944 M 88 Neck 5 None Surg DOD (1) Neck mass NA (43)a

Ackerman M 23 Posterior NA Local NA DOD (3.5) Chest pain NA (9)
et al, 1951   mediastinum
Gondos and M 66 Posterior 12 Multiple RT + ChT DOD (15) Chest pain NA (10)
Reingold, 1964   mediastinum  metastases
Cameron et al, 1967 F 54 Adrenal NA None Surg NED (42) Diarrhea NA (11)
Telleschi, 1971 F 72 Nasal fossa NA Local RT NA NA NA (43)a

Nyaradi et al, 1971 F 63 Retroperitoneal NA None Surg Alive (3) NA NA (43)a

Kilton et al, 1976 F 30 Paravertebral 9 LN, vein Surg + RT DOD (10) Lumbar pain NA (12)
 M 62 Retroperitoneal 12 Marrow, bone ChT DOD (7) Lumbar pain NA 
Knapp and M 30 NA NA Liver, LN Surg DOD (114) Upper NA (13)
Ruebner, 1976        abdominal pain
Feigin and M 27 Adrenal 4 Brain,  NA DOD (0) Faint NA (14)
Cohen, 1977     cerebellum
Taylor et al, 1977 M 50 Adrenal 9 NA Surg NA Diarrhea NA (15)
Mannes et al, 1979 F 28 Abdominal NA Bone, lung,  ChT NA Lumbar pain NA (16)
     LN
Lopez et al, 1980 F 33 Abdominal NA Multiple Surg + ChT AWD (23) Left upper NA (43)a

     metastases   abdominal mass
 F 44 Abdominal NA Liver,  Surg + ChT Alive (22) Right upper NA 
     kidney   abdominal mass
Zajtchuk et al, 1980 F 22 Thorax NA NA Surg + RT NED (48) NA NA (17)
 M 29 Thorax NA NA Surg + RT NED (108) NA NA 
Adam and M 29 Posterior NA Local Surg + RT AWD (168) NA NA (18)
Hochholzer, 1981   mediastinum
 F 34 Posterior NA None Surg + RT NED (8) NA NA 
   mediastinum
 F 39 Posterior NA None Surg + RT NED (96) NA NA 
   mediastinum
Cooney, 1981 M 47 Lung 4.5 None Surg NED (35) Cough NA (19)
Pearl et al, 1981 M 27 Brain 3 NA Surg + RT DOD (70) Epileptic NA (20)
Li et al, 1982 M 50 Thorax 32 None Surg Alive (48) Cough NA (21)
Hosaka et al, 1982 M 19 Skull base NA None Surg + RT AWD (96) Visual NA (22)
        impairment
Nakajima et al, 1983 F 36 Brain NA None Surg + RT NED (39) Convulsion NA (23)
Barr et al, 1986 F 26 Small bowel 2.5 LN Surg NED (18) NA NA (24)
Slaats et al, 1987 F 31 Mediastinum NA Remote Surg + ChT DOD (20) NA NA (43)a

Takahashi et al, 1988 M 21 Adrenal 8.8 LN Surg + ChT  NED (8) Abdominal pain NA (25)
      + RT
Jalleh et al, 1990 F 68 Kidney 20 Liver NA DOD (1) Lumbar mass NA (26)
Koido et al, 1991 F 39 Retroperitoneal 6 None Surg Alive (36) NA NA (43)a

Katoh et al,  M 69 Retroperitoneal NA None Surg + ChT Alive (6) NA NA (43)a

1990‑1991
Roberston M 30 Mediastinum NA Local Surg AWD (7) Abdominal NA (27)
et al, 1991        pain
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Table I. Continued.

  Age,  Size,  Initial Outcome
First author, year Sex years Sites cm Metastasis treatment (months) Symptoms Histopathology (Refs.)

Koizumi et al, 1992 F 47 Adrenal 9 Marrow NA DOD (3) Lumbar pain NA (28)
Roberts et al, 1992 F 23 Adrenal 25 None Surg NED (24) Right NA (29)
        hypochondrium 
        discomfort, 
        hypertension
Higuchi et al, 1993 M 29 Adrenal 11 Bone Surg + ChT AWD (10) NA NA (43)a

Raina et al, 1993 M 21 Spinal cord 3 Local ChT NED (24) Lumbar pain NA (30)
Fujii et al, 1994 M 50 Nasal cavity NA Local RT + ChT Alive (8) NA NA (43)a

Sibilla et al, 1995 M 42 Spinal cord NA Local Surg AWD (3) Right lower NA (31)
        extremity 
        weakness
Hiroshige et al, 1995 M 35 Adrenal 10 None Surg NED (24) Asymptomatic NA (32)
Asada et al, 1996 F 61 Thymus 4 NA Surg NA Weakness NA (33)
Mehta et al, 1997 M 22 Adrenal 9 NA Surg NA Abdominal NA (34)
        mass
Nagashima M 79 Anterior 8 None Surg + ChT NED (60) Chest pain NA (35)
et al, 1997   mediastinum 
Hochholzer F 38 Lung 3 Local NA DOD (0) Digestive tract NA (36)
et al, 1998        symptom 
        (hormone 
        secretion)
 F 20 Lung 5 None Surg NED (12) Asymptomatic NA 
Rousseau et al, 1998 F NA Adrenal NA Liver Surg + RT  NA NA NA (37)
      + ChT
Tanaka et al, 1998 M 57 Pineal 3 None Surg + RT Alive (15) NA NA (7)
Tripathy et al, 2000 F 39 Spinal cord NA None Surg NED (6) Lumbar pain NA (38)
Freeman and F 59 Lung 3 None Surg NA NA NA (39)
Otis, 2001
Yamanaka M 60 Retroperitoneal 16 LN Surg NED (3),  Asymptomatic NA (40)
et al, 2001       suicide (8)
Tanaka et al, 2002 M 63 Mediastinum NA NA NA NA NA NA (41)
Slapa et al, 2002 F 20 Adrenal 18 None Surg NED (12) Asymptomatic NA (42)
Koike et al, 2003 M 50 Adrenal 4.5 NA Surg NED (30) Asymptomatic NA (43)
Nakazato and M 32 Brain 4 None Surg NA Epileptic NA (44)
Hosaka, 2004
Gunlusoy et al, 2004 M 59 Adrenal 17 LN Surg NA Lumbar pain NA (45)
Sargazi et al, 2006 F 45 Adrenal NA NA Surg + RT AWD (59) Abdominal pain NA (46)
Kurt et al, 2007 M 53 Kidney 2 None Surg NED (34) Hematuria Intermixed (47)
Nishihara et al, 2008 F 32 Brain 3.3 None Surg + RT NED (14) Convulsion NA (48)
Neuzillet et al, 2008 F 40 Retroperitoneal NA Liver Surg + RT  AWD (3) Wilson Mikity Intermixed (49)
      + RFA  syndrome
Sabatino et al, 2009 F 60 Brain NA NA Surg + RT  NED (18) Headache NA (50)
      + ChT
Riffat et al, 2009 M 36 Parotid gland NA Local Surg + ChT NA Progressive NA (51)
        numbness
Peycru et al, 2009 F 34 Retroperitoneal 8 Local Surg + RT NED (3) Back pain Nodular (52)
Mizuno et al, 2010 M 53 Adrenal 11 Spine Surg + RT AWD (30) Frequent Nodular (6)
        micturition
Bacher et al, 2011 M 37 Bone NA Local Surg + RT  DOD (48) Bone pain Mixed (53)
      + ChT
Miele et al, 2011 M 23 Spinal cord NA None Surg + ChT NED (12) Progressive NA (54)
        dyspnea
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Table I. Continued.

  Age,  Size,  Initial Outcome
First author, year Sex years Sites cm Metastasis treatment (months) Symptoms Histopathology (Refs.)

Thakar et al, 2012 M 30 Spinal cord NA None Surg + ChT NED (3) Limb weakness NA (55)
Schipper et al, 2012 M 28 Brain 5 None Surg + ChT NED (14) Epileptic NA (7)
 F 42 Brain NA None Surg AWD (12) Headache NA 
      (partial) + 
      ChT
Tipps and M 25 Posterior 8.3 NA NA NA Polypnea NA (56)
Weidner, 2012   mediastinum
Okudera et al, 2014 F 53 Filum 3 None Surg + RT AWD (228) Bilateral lower Nodular (57)
   terminale     extremity pain
Patnaik et al, 2014 M 25 Spinal cord NA NA Surg NED (4) Bilateral lower NA (58)
        extremity pain, 
        uroschesis
Akin et al, 2014 M 34 Brain 5 NA Surg + RT AWD (12) Headache,  NA (59)
        bilateral lower 
        extremity 
        numbness
Jrebi et al, 2014 F 22 Adrenal NA NA Surg + ChT  AWD (156) Abdominal pain NA (60)
      + BMT
  F 26 Spinal cord NA NA Surg + ChT AWD (108) Back pain NA 
 M 33 Retroperitoneal  NA NA ChT DOD (36) Back pain NA 
   + mediastinum
 F 20 Pelvis NA NA Surg + ChT DOD (60) Pelvic pain NA 
Montaut et al, 2014 F 19 Adrenal 4 NA Surg NA Hearing Intermixed (61)
        impairment
Chen et al, 2014 F 21 Retroperitoneal 17 Local Surg NED (5) Lumbar pain NA (62)
Sorrentino M 23 Abdominal NA NA Surg DOD (132) NA NA (63)
et al, 2014 M 28 Adrenal NA NA Surg DOD (130) NA NA 
 M 21 Thorax NA NA Surg NED (154) NA NA 
 F 19 Thorax NA NA Surg NED (100) NA NA 
 F 20 Pelvis NA NA Surg + RT AWD (30) NA NA 
Qiu et al, 2015 F 27 Adrenal 11 Local Surg NED (5) Lumbar pain Intermixed (64)
Ding et al, 2015 F 27 Adrenal 11.4 Local Surg NA Lumbar pain NA (65)
Bolzacchini M 63 Adrenal 4.5 None Surg NA Asymptomatic Nodular (66)
et al, 2015      (complete)
Moga et al, 2016 F 20 Brain 3.2 NA NA NA Neurological NA (67)
        symptoms
Benedini et al, 2017 F 20 Adrenal 11 Local Surg NED (21) Lumbar pain Intermixed (68)
      (complete)
Bove et al, 2017 M 38 Parotid gland 4 LN Surg NED (36) Asymptomatic NA (69)
Risum et al, 2017 M 34 Retroperitoneal 8 Postcava,  Surg AWD (74) Abdominal pain NA (70)
     bone (complete) 
      + RT + ChT
Lonie et al, 2017 M 27 Adrenal 17 None Surg NA Asymptomatic Nodular (71)
      (complete)
Heidari et al, 2018 M 38 Adrenal 5.5 None Surg NED (3) Abdominal Nodular (72)
      (complete)  discomfort
Kumata et al, 2018 F 73 Adrenal 10 None Surg NED (3) Asymptomatic Nodular (73)
      (complete)
Radim et al, 2018 M 36 Retroperitoneal 14 NA Surg NED (12) NA NA (74)
      (complete)
Rajendran et al, 2019 F 23 Ovarian 7 NA Surg NA Asymptomatic NA (75)
      (complete)
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Classification in 1999, delineating pNTs into four histopatholog‑
ical types: NB, GNB intermixed type (GNBi), GN mature type 
and GNB nodular type (GNBn). Based on factors such as patient 
age, mitosis‑karyorrhexis index and cell differentiation, these 
tumors are further classified into either a favorable histology 
group or an unfavorable histology group, with implications for 
prognosis (1,84). The present case was assigned to the favorable 
histology category according to this classification. Additionally, 
NB prognosis can be predicted using the International 
Neuroblastoma Staging System (INSS) and the International 
Neuroblastoma Risk Group (INRG) staging system (85,86). 
This case was classified as stage 1 in the INSS and stage L1 
in the INRG staging, falling into the very low‑risk group (risk 
grouping of A). Consequently, in accordance with pediatric 
guidelines (1), close follow‑up was recommended without the 
administration of radiotherapy or chemotherapy.

When diagnosing GNB, its clinical presentations are 
generally non‑specific. Among the 104 reported cases, symp‑
toms predominantly arose from compression by the primary 
or metastatic lesions (8,35,47,60,62,65). Some GNB cases with 
endocrine activity presented with endocrine‑related symptoms 
such as diarrhea and malaise (4,15,36,49,77). GNBs occurring 
in the central nervous system more frequently manifested 
neurological symptoms (7,20,22,23,31,44,48,67). While labo‑
ratory tests and imaging studies provide valuable preoperative 
references, they are not definitive for diagnosis. Pathological 
examination remains essential for a conclusive diagnosis. In 
the present case, a mass in the left adrenal gland was identified 
during a routine physical examination. The CT findings and 
laboratory tests, including adrenal function, were non‑specific. 
The diagnosis was ultimately established based on the results 
of a postoperative pathological examination.

The treatment approach for GNB in adults largely mirrors 
pediatric guidelines, encompassing surgery, radiation therapy and 
chemotherapy (84). However, specific standardized guidelines 
or treatment protocols for adults are not established. Previous 
treatment strategies for adult GNB suggested that adult patients 

with distant metastases should continue radiotherapy and 
chemotherapy based on surgical resection (77). However, the 
present analysis of 24 patients with preoperative metastases and 
complete follow‑up indicated that the choice of treatment in meta‑
static patients did not influence outcomes significantly (Fig. 6). 
By contrast, radiotherapy and chemotherapy might adversely 
impact the quality of life due to more severe side effects. Recent 
reports (66,68,71‑73) have documented complete tumor resection 
in six cases, with metastases developing in two of them. Follow‑up 
outcomes showed that all six patients achieved disease‑free 
survival. Although the literature suggests that residual tumor 
does not adversely affect the prognosis in pediatric patients with 
GNB (87,88), reports in adults imply that complete resection of 
both primary and metastatic lesions is advisable, irrespective of the 
presence of metastatic lesions. For patients who cannot undergo a 
complete resection or who develop postoperative metastases, indi‑
vidualized comprehensive treatment is recommended to optimize 
survival rates. In the present case, complete surgical resection of 
the adrenal mass and metastasis was performed. The postopera‑
tive pathology and immunohistochemistry classified the case into 
a histologically favorable prognosis group. Consequently, despite 
the presence of metastases, and in line with pediatric guidelines 
and the literature analysis of previous case reports, the patient was 
advised to undergo close follow‑up without further radiotherapy 
and chemotherapy.

Regarding prognosis and follow‑up, the present analysis 
suggested that abdominal and pelvic lesions, excluding those 
of the adrenal gland, necessitate thorough preoperative exami‑
nation and vigilant postoperative monitoring. Despite a lower 
incidence of metastasis in central nervous system tumors 
(2/13; 15%), adrenal or intrathoracic tumors may portend a 
more favorable outcome, often due to their association with 
more severe clinical symptoms. The interval for recurrence 
post‑surgery varies widely, ranging from 3 months to as long 
as 192 months (57,59). Notably, a significant number of patients 
experience recurrence beyond the 2‑year postoperative mark. 
Consequently, we advocate for a rigorous follow‑up schedule: 

Table I. Continued.

  Age,  Size,  Initial Outcome
First author, year Sex years Sites cm Metastasis treatment (months) Symptoms Histopathology (Refs.)

Mousa et al, 2020 F 23 Posterior NA Bone Surg AWD (96) Chest pain Nodular (76)
   mediastinum   (partial) + 
      RT + ChT
Vassallo et al, 2021  M 22 Adrenal 4.2 None Surg NED (24) Abdominal Intermixed (77)
        pain, diarrhea
Filizoglu and  M 39 Posterior NA Multiple NA NA Chest pain NA (78)
Ozguven, 2022   mediastinum  metastases
Deslarzes et al, 2022 F 74 Adrenal 10 None Surg NED (1) Abdominal Nodular (4)
        pain, weakness
Present case F 20 Adrenal 7.5 Near the Surg NED (12) Asymptomatic Intermixed 
     renal hilum (complete)

aDue to the considerable age of some reports, they are no longer accessible. Therefore, in a few instances where the original texts were unattainable, other 
documents have been referenced. AWD, alive with disease; BMT, bone marrow transplantation; ChT, chemotherapy; DOD, died of disease; LN, lymph node; 
NA, not available; NED, no evidence of disease; RFA, radio‑frequency ablation; RT, radiotherapy; Surg, surgery.
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Figure 4. Overall survival curves for patients with different clinical and pathological factors of adult ganglioneuroblastoma. Overall survival curve for (A) sex, 
(B) age, (C) tumor size, (D) pathological type, (E) location and (F) treatment.
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Examinations every 3 months for the first 2 years, followed by 
biannual check‑ups for long‑term monitoring.

Although the existing treatment approaches and prognostic 
assessments for adults with GNB are predominantly derived 
from pediatric guidelines and associated studies, their effects 
in managing GNB in adults have shown limitations. There is 
a pressing need for more comprehensive research specifically 
focused on adult GNB. The present case report and literature 
review is vital to enrich our understanding of the disease, 
increase awareness among physicians and adult patients, alle‑
viate patients' apprehension about the disease, and ultimately, 
enhance the cure rate.
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Table II. Relationship between clinicopathological parameters 
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 Metastasis
 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
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  Male 21/40 (53) 
  Female 20/37 (54) 
Age, years  0.117
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Pathological type  0.315
  Mixed 5/7 (71) 
  Nodular 3/9 (33) 
Sites  0.017
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  Chest 8/16 (50) 
  Central nervous 2/13 (15) 



ONCOLOGY LETTERS  27:  187,  2024 11

Patient consent for publication

Written informed consent was obtained from the patient for 
publication of this case report and accompanying images.

Competing interests 

The authors declare that they have no competing interests.

References

 1. Shimada H, Ambros IM, Dehner LP, Hata J, Joshi VV, 
Roald B, Stram DO, Gerbing RB, Lukens JN, Matthay KK and 
Castleberry RP: The International Neuroblastoma Pathology 
Classification (the Shimada system). Cancer 86: 364‑372, 1999.

 2. Joshi VV: Peripheral neuroblastic tumors: Pathologic classifica‑
tion based on recommendations of international neuroblastoma 
pathology committee (Modification of shimada classification). 
Pediatr Dev Pathol 3: 184‑199, 2000.

 3. Ratner N, Brodeur GM, Dale RC and Schor NF: The ‘neuro’ 
of neuroblastoma: Neuroblastoma as a neurodevelopmental 
disorder. Ann Neurol 80: 13‑23, 2016.

 4. Deslarzes P, Djafarrian R, Matter M, La Rosa S, Gengler C, 
Beck‑Popovic M and Zingg T: Neuroblastic tumors of the 
adrenal gland in elderly patients: A case report and review of the 
literature. Front Pediatr 10: 869518, 2022.

 5. Swift CC, Eklund MJ, Kraveka JM and Alazraki AL: Updates 
in diagnosis, management, and treatment of neuroblastoma. 
Radiographics 38: 566‑580, 2018.

 6. Mizuno S, Iida T and Fujita S: Adult‑onset adrenal ganglioneu‑
roblastoma‑Bone metastasis two years after surgery: Report of a 
case. Surg Today 40: 482‑486, 2010.

 7. Schipper MH, van Duinen SG, Taphoorn MJ, Kloet A, 
Walchenbach R, Wiggenraad RG and Vecht CJ: Cerebral 
ganglioneuroblastoma of adult onset: Two patients and a review 
of the literature. Clin Neurol Neurosurg 114: 529‑534, 2012.

 8. Schaffner VD: An Unusual Intrathoracic Tumour. Can Med 
Assoc J 36: 403‑405, 1937.

 9. Ackerman LV and Taylor FH: Neurogenous tumors within the 
thorax; a clinicopathological evaluation of forty‑eight cases. 
Cancer 4: 669‑691, 1951.

10. Gondos B and Reingold IM: Mediastinal ganglioneuroblastoma 
metastasizing to scalene lymph nodes in an adult. Report of a 
case and review of the literature. J Thorac Cardiovasc Surg 47: 
430‑437, 1964.

11. Cameron DG, Warner HA and Szabo AJ: Chronic diarrhea in 
an adult with hypokalemic nephropathy and osteomalacia due 
to a functioning ganglioneuroblastoma. Trans Am Clin Climatol 
Assoc 78: 205‑217, 1967.

12. Kilton LJ, Aschenbrener C and Burns CP: Ganglioneuroblastoma 
in adults. Cancer 37: 974‑983, 1976.

13. Knapp WA and Ruebner BH: Electron microscopy of a hepatic 
ganglioneuroblastoma with special reference to long spacing 
collagen and to portal hypertension. Beitr Pathol 157: 200‑207, 1976.

14. Feigin I and Cohen M: Maturation and anaplasia in neuronal 
tumors of the peripheral nervous system; with observations on 
the glial‑like tissues in the ganglioneuroblastoma. J Neuropathol 
Exp Neurol 36: 748‑763, 1977.

15. Taylor AR, Chulajata D, Jones DH and Whitwam JG: Adrenal 
tumour secreting vasoactive intestinal peptide and noradrena‑
line. Anaesthesia 32: 1012‑1016, 1977.

16. Mannes EJ, Walsh JW, Simeone JF and Putnam SL: Case report. 
Computer assisted tomographic evaluation of a ganglioneuro‑
blastoma in an adult. J Comput Assist Tomogr 3: 120‑123, 1979.

17. Zajtchuk R, Bowen TE, Seyfer AE and Brott WH: Intrathoracic 
ganglioneuroblastoma. J Thorac Cardiovasc Surg 80: 605‑612, 1980.

18. Adam A and Hochholzer L: Ganglioneuroblastoma of the 
posterior mediastinum: A clinicopathologic review of 80 cases. 
Cancer 47: 373‑381, 1981.

19. Cooney TP: Primary pulmonary ganglioneuroblastoma in 
an adult: Maturation, involution and the immune response. 
Histopathology 5: 451‑463, 1981.

20. Pearl  GS, Mir ra SS and Miles ML: Int racerebra l 
Ganglioneuroblastoma with intracytoplasmic microtubular 
aggregates: Case report and ultrastructural study. Ultrastruct 
Pathol 2: 337‑342, 1981.

21. Li X: Surgical treatment of a large ganglioneuroblastoma of 
thoracic cavity‑a case report and review of literature (author's 
transl). Zhonghua Zhong Liu Za Zhi 4: 70‑72, 1982 (In Chinese).

22. Hosaka T, Nukui H, Koizumi H and Miyazaki M: 
Ganglioneuroblastoma of the anterior skull base with a long‑term 
follow‑up. Case report. Neurol Med Chir (Tokyo) 22: 757‑762, 
1982 (In Japanese).

23. Nakajima F, Kuwabara T and Yagishita S: Primary cerebral 
ganglioneuroblastoma. Case report. Neurol Med Chir (Tokyo) 23: 
301‑304, 1983.

24. Barr H, Page R and Taylor W: Primary small bowel ganglioneu‑
roblastoma and Friedreich's ataxia. J R Soc Med 79: 612‑613, 
1986.

25. Takahashi Y, Kuriyama M, Kawada Y, Komeda H, Horie M 
and Isogai K: Multimodality treatment of adrenal ganglioneu‑
roblastoma: A case report. Hinyokika Kiyo 34: 2149‑2154, 1988 
(In Japanese).

26. Jalleh RP, Newman PL, Jenkins MT and Sturdy DE: Primary 
renal ganglioneuroblastoma in an adult. Postgrad Med J 66: 
869‑871, 1990.

27. Robertson CM, Tyrrell JC and Pritchard J: Familial neural crest 
tumours. Eur J Pediatr 150: 789‑792, 1991.

28. Koizumi T, Kanbayashi T, Ichiyoshi T, Nakamura M and 
Moriyama S: Ganglioneuroblastoma with disseminated bone 
marrow infiltration in an adult. Intern Med 31: 1322‑1324, 1992.

29. Roberts NB, Dutton J, White MC, Winstanley J and Sells RA: 
An adrenaline‑secreting ganglioneuroblastoma with elevated 
urinary HMMA but normal metanephrine excretion. Ann Clin 
Biochem 29: 678‑680, 1992.

30. Raina V, Kamble R, Tanwar R, Singh SP and Sharma S: Spinal 
ganglioneuroblastoma‑complete response to chemotherapy 
alone. Postgrad Med J 69: 746‑748, 1993.

31. Sibilla L, Martelli A, Farina L, Uggetti C, Zappoli F, 
Sessa F, Sibilla L, Martelli A, Farina L, Uggetti C, et al: 
Ganglioneuroblastoma of the spinal cord. AJNR Am 
J Neuroradiol 16 (4 Suppl): S875‑S877, 1995.

32. Hiroshige K, Sonoda S, Fujita M, Takasugi M, Kuroiwa A and 
Inatomi H: Primary adrenal ganglioneuroblastoma in an adult. 
Intern Med 34: 1168‑1173, 1995.

33. Asada Y, Marutsuka K, Mitsukawa T, Kuribayashi T, Taniguchi S 
and Sumiyoshi A: Ganglioneuroblastoma of the thymus: An adult 
case with the syndrome of inappropriate secretion of antidiuretic 
hormone. Hum Pathol 27: 506‑509, 1996.

34. Mehta N, Tripathi RP, Popli MB and Nijhawan VS: Bilateral 
intraabdominal ganglioneuroblastoma in an adult. Br J Radiol 70: 
96‑98, 1997.

35. Nagashima Y, Miyagi Y, Tanaka Y, Miyashita M, Shigematsu S, 
Aoki I, Nakatani Y and Misugi K: Adult ganglioneuroblastoma 
of the anterior mediastinum. Pathol Res Pract 193: 727‑733, 
1997.

36. Hochholzer L, Moran CA and Koss MN: Primary pulmonary 
ganglioneuroblastoma: A clinicopathologic and immunohisto‑
chemical study of two cases. Ann Diagn Pathol 2: 154‑158, 1998.

37. Rousseau P, Bernard A, Favre JP, Arnould L, Cheynel N and 
Manuelian M: Ganglioneuroblastoma in the adult. Presse 
Med 27: 1677‑1679, 1998 (In French).

38. Tr ipa t hy  L N,  For s t e r  DM a nd  Ti mp er ley  W R: 
Ganglioneuroblastoma of the cauda equina. Br J Neurosurg 14: 
264‑266, 2000.

39. Freeman JK and Otis CN: Combined carcinoid tumor and 
ganglioneuroblastoma of the lung: A case report. Int J Surg 
Pathol 9: 169‑173, 2001.

40. Yamanaka M, Saitoh F, Saitoh H, Nisimura S, Sawada Y, 
Tsukui A, Kaimori M and Takahashi N: Primary retroperitoneal 
ganglioneuroblastoma in an adult. Int J Urol 8: 130‑132, 2001.

41. Tanaka N, Yoshida K, Imada A, Kojima H, Nakamura N, 
Yoshida Y, Hasegawa N and Abe S: A case of ganglioneuroblas‑
toma occurring in the superior mediastinum in an adult. Nihon 
Kokyuki Gakkai Zasshi 40: 378‑382, 2002 (In Japanese).

42. Slapa RZ, Jakubowski W, Kasperlik‑Zaluska AA, Szopinski K, 
Debski R, Samsel M, Polanski J and Borowicz K: Adrenal 
ganglioneuroblastoma in pregnant woman: Diagnosis with 
three‑dimensional ultrasound. Eur Radiol 12 (Suppl 3): 
S121‑S126, 2002.

43. Koike K, Iihara M, Kanbe M, Omi Y, Aiba M and Obara T: 
Adult‑type ganglioneuroblastoma in the adrenal gland treated 
by a laparoscopic resection: Report of a case. Surg Today 33: 
785‑790, 2003.

44. Nakazato Y and Hosaka N: A 32‑year‑old man with left temporal 
lobe tumor. Neuropathology 24: 261‑262, 2004.



ZHANG et al:  ADRENAL GANGLIONEUROBLASTOMA IN AN ADULT: A CASE REPORT12

45. Gunlusoy B, Arslan M, Selek E, Sural S and Ayder AR: A case 
report: Adrenal ganglioneuroblastoma in a 59‑year old man. Int 
Urol Nephrol 36: 481‑483, 2004.

46. Sargazi M, Smith ML, Worth RC and Roberts NB: A rare ganglio‑
neuroblastoma secreting dopamine and the value of its measurement 
in diagnosis and prognosis. Ann Clin Biochem 43: 73‑76, 2006.

47. Kurt E, Filiz G, Vuruskan H, Kurt M and Evrensel T: 
Life‑threatening complications of an extremely rare tumor of the 
kidney: Adult‑type primary renal ganglioneuroblastoma. South 
Med J 100: 852‑853, 2007.

48. Nishihara H, Ozaki Y, Ito T, Yoshinaga T, Tabu K, Tanino M, 
Nagashima K and Tanaka S: A case of cerebral ganglioneuronal 
tumor in the parietal lobe of an adult. Brain Tumor Pathol 25: 
45‑49, 2008.

49. Neuzillet C, Hammel P, Baudin E, Couvelard A, Elias D, Casiraghi O, 
Cazals‑Hatem D, Pelletier AL, Levy P and Ruszniewski P: 
Verner‑Morrison syndrome revealing a ganglioneuroblastoma in an 
adult. Gastroenterol Clin Biol 32: 282‑288, 2008.

50. Sabatino G, Lauriola L, Sioletic S and Puca A: Occipital 
ganglio‑neuroblastoma in an adult. Acta Neurochir (Wien) 151: 
495‑496, 2009.

51. Riffat F, Barakate M, Bridger A, Nicklin S and Smee R: 
Parapharyngeal malignant peripheral nerve sheath tumour in 
conjunction with ganglioneuroblastoma involving the mandible. 
ANZ J Surg 79: 502‑503, 2009.

52. Peycru T, Guiramand J, Tardat E, Savoie PH, Avaro JP and 
Balandraud P: Nodular ganglioneuroblastoma in adults. Can 
J Surg 52: E111‑E113, 2009.

53. Bacher U, Christopeit M, Wiedemann B, Leuschner I, Haferlach T 
and Choschzick M: Ganglioneuroblastoma infiltrating the bone 
marrow in an adult. Br J Haematol 153: 544, 2011.

54. Miele WR, Pfannl R and Kryzanski JT: Primary holocord 
ganglioneuroblastoma: Case report. J Neurosurg Spine 15: 
457‑463, 2011.

55. Thakar S, Ghosal N and Hegde AS: A cervicothoracic intramed‑
ullary ganglioneuroblastoma presenting with acute quadriparesis. 
Neurol India 60: 348‑350, 2012.

56. Ponsford Tipps AM and Weidner N: Fine‑needle aspiration of 
ganglioneuroma, maturing type (a.k.a., ‘borderline ganglioneuro‑
blastoma’) in the mediastinum of a young man: Case report and 
discussion of classification. Diagn Cytopathol 40: 906‑911, 2012.

57. Okudera Y, Miyakoshi N, Sugawara T, Hongo M, Kasukawa Y, 
Ishikawa Y and Shimada Y: Ganglioneuroblastoma of filum 
terminale: Case report. J Neurosurg Spine 21: 270‑274, 2014.

58. Patnaik A, Mishra SS, Mishra S, Das S and Deo RC: Primary 
extradural spinal ganglioneuroblastoma: A case report. Turk 
Neurosurg 24: 253‑255, 2014.

59. Akin M, Ergen SA, Oz B, Atkovar G and Sahinler I: Ventricular 
ganglioneuroblastoma in an adult and successful treatment with 
radiotherapy. Balkan Med J 31: 173‑176, 2014.

60. Jrebi NY, Iqbal CW, Joliat GR, Sebo TJ and Farley DR: Review 
of our experience with neuroblastoma and ganglioneuroblastoma 
in adults. World J Surg 38: 2871‑2874, 2014.

61. Montaut S, Mallaret M, Laguna AE, Lagha‑Boukbiza O, Entz Werle N, 
Marcellin L, Bachellier P, Imperiale A, Namer IJ, Thomas L, et al: 
Anti‑Hu‑associated brainstem encephalitis with ganglioneuroblas‑
toma in a young adult. J Neurol 261: 1822‑1824, 2014.

62. Chen BF, Rathi M, Al‑Samarrai S and Rajeswary J: First reported 
case of ganglioneuroblastoma in pregnancy and a review of the 
literature. Obstet Med 7: 128‑130, 2014.

63. Sorrentino S, Gigliotti AR, Sementa AR, Morsellino V, Conte M, 
Erminio G, Buffa P, Granata C, Mazzocco K, Garaventa A and 
De Bernardi B: Neuroblastoma in the adult: The Italian experience 
with 21 patients. J Pediatr Hematol Oncol 36: e499‑e505, 2014.

64. Qiu W, Li T, Sun XD and Lv GY: Onset of adrenal ganglioneu‑
roblastoma in an adult after delivery. Ann Surg Treat Res 89: 
220‑223, 2015.

65. Ding X, Hou Y, Ma X, Huipeng Z, Wang C and Wang Y: Adult 
adrenal ganglioneuroblastoma: A rare case report. Can Urol 
Assoc J 9: e75‑e77, 2015.

66. Bolzacchini E, Martinelli B and Pinotti G: Adult onset of 
ganglioneuroblastoma of the adrenal gland: Case report and 
review of the literature. Surg Case Rep 1: 79, 2015.

67. Moga MA, Daniilidis A, Bigiu NF, Andrei C, Dinas K and 
Festila DG: Ganglioneuroblastoma during pregnancy‑A rare 
case report. Clin Exp Obstet Gynecol 43: 265‑267, 2016.

68. Benedini S, Grassi G, Aresta C, Tufano A, Carmignani LF, 
Rubino B, Luzi L and Corbetta S: Adrenal Ganglioneuroblastoma 
in Adults: A Case report and review of the literature. Case Rep 
Endocrinol 2017: 5796236, 2017.

69. Bove A, Percario R, De Carlo A and Zappacosta B: A case report 
of the first ganglioneuroblastoma of the parotid gland of an the 
adult. Ann Ital Chir: 6, 2017.

70. Risum S, Knigge U and Langer SW: Hitherto unseen survival in an 
ALK‑positive‑patient with advanced stage adult ganglioneuroblastoma 
treated with personalized medicine. Clin Case Rep 5: 2085‑2087, 2017.

71. Lonie J, Boles R and Boldery J: Adrenal ganglioneuroblastoma 
in an adult. ANZ J Surg 89: 129‑130, 2019.

72. Heidari Z, Kaykhaei MA, Jahantigh M and Sheikhi V: Adrenal 
Ganglioneuroblastoma in an Adult: A Rare Case Report. Int 
J Endocrinol Metab 16: e63055, 2018.

73. Kumata H, Nishimura R, Nakanishi C, Inoue C, Tezuka Y, 
Endo H, Miyagi S, Tominaga T, Unno M and Kamei T: Surgical 
strategy for an adult patient with a catecholamine‑producing 
ganglioneuroblastoma and a cerebral aneurysm: A case report. 
Surg Case Rep 4: 119, 2018.

74. Radim Š, Dagmar AK, Roman Š and Vuk F: Resection of 
Abdominal, Pelvic and Retroperitoneal Tumors. Klin Onkol 31: 
230‑234, 2018.

75. Rajendran S, Jensen D and McCluggage WG: Ganglioneuroblastoma 
Arising in an Ovarian Dermoid Cyst: First report in the literature. 
Int J Gynecol Pathol 38: 103‑107, 2019.

76. Mousa AM, Shokouh‑Amiri MH, Shah LM, Garzon S and Xie KL: 
Adult‑onset ganglioneuroblastoma of the posterior mediastinum 
with osseous metastasis. Radiol Case Rep 15: 1676‑1682, 2020.

77. Vassallo L, Fasciano M, Baralis I, Pellegrino L, Fortunato M, 
Orcioni GF and Sorrentino S: A rare case of adrenal ganglio‑
neuroblastoma‑intermixed in an adult and a review of literature. 
Radiol Case Rep 16: 2351‑2356, 2021.

78. Filizoglu N and Ozguven S: Unique case of adult onset posterior 
mediastinal ganglioneuroblastoma on 68Ga DOTATATE PET/CT. 
Rev Esp Med Nucl Imagen Mol (Engl Ed) 41: 393‑394, 2022.

79. Stevens CM, Malone K, Dufrene K, McLean W, Ramesh P, 
Talbot N, Saad Aldine A and Arevalo O: Adrenal 
Ganglioneuroblastoma of Adult Onset: A Literature Review. 
Cureus 15: e33288, 2023.

80. LaBrosse EH, Com‑Nougué C, Zucker JM, Comoy E, 
Bohuon C, Lemerle J and Schweisguth O: Urinary excretion of 
3‑methoxy‑4‑hydroxymandelic acid and 3‑methoxy‑4‑hydroxy‑
phenylacetic acid by 288 patients with neuroblastoma and related 
neural crest tumors. Cancer Res 40: 1995‑2001, 1980.

81. He WG, Yan Y, Tang W, Cai R and Ren G: Clinical and biological 
features of neuroblastic tumors: A comparison of neuroblastoma 
and ganglioneuroblastoma. Oncotarget 8: 37730‑37739, 2017.

82. De Bernardi B, Gambini C, Haupt R, Granata C, Rizzo A, 
Conte M, Tonini GP, Bianchi M, Giuliano M, Luksch R, et al: 
Retrospective study of childhood ganglioneuroma. J Clin 
Oncol 26: 1710‑1716, 2008.

83. Cohn SL, Pearson AD, London WB, Monclair T, Ambros PF, 
Brodeur GM, Faldum A, Hero B, Iehara T, Machin D, et al: The 
International Neuroblastoma Risk Group (INRG) classification 
system: An INRG Task Force report. J Clin Oncol 27: 289‑297, 2009.

84. Peuchmaur M, d'Amore ES, Joshi VV, Hata J, Roald B, 
Dehner LP, Gerbing RB, Stram DO, Lukens JN, Matthay KK 
and Shimada H: Revision of the International Neuroblastoma 
Pathology Classification: Confirmation of favorable and unfa‑
vorable prognostic subsets in ganglioneuroblastoma, nodular. 
Cancer 98: 2274‑2281, 2003.

85. Brodeur GM, Pritchard J, Berthold F, Carlsen NL, Castel V, 
Castelberry RP, De Bernardi B, Evans AE, Favrot M, 
Hedborg F, et al: Revisions of the international criteria for neuro‑
blastoma diagnosis, staging and response to treatment. Prog Clin 
Biol Res 385: 363‑369, 1994.

86. Lam AK: Update on Adrenal tumours in 2017 World Health 
Organization (WHO) of endocrine tumours. Endocr Pathol 28: 
213‑227, 2017.

87. Retrosi G, Bishay M, Kiely EM, Sebire NJ, Anderson J, Elliott M, 
Drake DP, Coppi P, Eaton S and Pierro A: Morbidity after 
ganglioneuroma excision: Is surgery necessary? Eur J Pediatr 
Surg 21: 33‑37, 2011.

88. Yang S, Cai S, Ma X, Zeng Q, Qin H, Han W, Peng X and 
Wang H: Discrimination of histopathologic types of childhood 
peripheral neuroblastic tumors based on clinical and biological 
factors. Sci Rep 8: 10924, 2018.

Copyright © 2024 Zhang et a l. This work is 
licensed under a Creative Commons Attribution-
NonCommercial-NoDerivatives 4.0 International (CC 
BY-NC-ND 4.0) License.


