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Abstract 

Background We present one of only seven reported cases of a catecholamine-secreting adrenal neuroblastoma 
in an adult. The case is used as a platform to discuss key biochemical, genomic and imaging considerations that are 
central to the successful, targeted management of catecholamine-secreting adrenal tumours.

Case presentation A 63-year-old male was urgently reviewed at a tertiary hospital endocrinology outpatient clinic 
for a 12 cm right-sided adrenal incidentaloma. Plasma normetanephrine and 3-methoxytyramine levels were approxi-
mately 10 times the upper limit of normal at 9272 pmol/L (< 900) and 1023 pmol/L (< 110), respectively.

The adrenal mass appeared to be inseparable from the liver on imaging, and thus was suspected to be an invasive 
malignant phaeochromocytoma. FDG positron emission tomography (PET)/CT demonstrated moderate to intense 
metabolic activity within the right adrenal mass. [68 Ga]Ga-DOTATATE (Ga-TATE) PET-CT demonstrated patchy, heter-
ogenous somatostatin receptor (SSTR) expression in the adrenal lesion, at most Krenning 3 (intensity above liver).

The patient underwent a right adrenalectomy and segment 6/7 liver resection. Histopathology revealed a 130 mm 
diameter neuroblastoma of the differentiating subtype with a low Mitosis-Karyorrhexis Index. There was lymphovas-
cular invasion and tumour focally present at the resection margin, but no tumour in one periadrenal lymph node, 
and no tumour invasion in the adherent liver. Immunohistochemistry revealed ALK positivity (+ 3) and wild type ATRX.

At nine months following adrenalectomy, the plasma normetanephrine level has reduced to 991 pmol/L (< 900). Post-
operative GaTate PET/CT shows no definite abnormal SSTR-expressing lesions in the surgical bed or elsewhere. The 
patient has completed adjuvant radiotherapy and is a candidate for ALK-targeted therapy if required for recurrence 
in the future.

Conclusions Neuroblastomas may be misdiagnosed as phaeochromocytomas given the ability to secrete catecho-
lamines and similarities in radiological appearance. Differentiating neuroblastomas from phaeochromocytomas 
and paragangliomas (PPGL) is critical, but clinically difficult. Genomics are central for management; diagnosing ALK-
positive neuroblastoma triggers consideration of ALK-targeted therapy, which is not relevant for PPGL. A critical eye 
is required for the accurate diagnosis and management of malignant adrenal incidentalomas.
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Background
Neuroblastomas are undifferentiated tumours originat-
ing from sympathetic ganglia, and may be mistaken for a 
phaeochromocytoma or paraganglioma (PPGL). We pre-
sent the case of a catecholamine-secreting adrenal neu-
roblastoma in an adult, one of only seven such reported 
cases [1–7].

Adrenal incidentalomas are found in 2% of the popu-
lation [8]. It was previously thought that up to 10–15% 
of adrenal incidentalomas were associated with hormone 
excess [8, 9].  A recent study, however, of incidentalo-
mas greater than 1 cm in diameter found 28.2% of adre-
nal incidentalomas were functional [10]. Around 2% of 
adrenal incidentalomas are adrenal cortical cancers, and 
other less common tumours may present a complex and 
confounding clinical picture [8].

Neuroblastoma is a very rare cause of an adrenal inci-
dentaloma in adults. While also rare, PPGLs are more 
likely to occur in adults and originate from the adrenal 
chromaffin cells and autonomic ganglia respectively. We 
will describe the genomic features of neuroblastomas, 
how this differs from PPGLs, and key genomic and imag-
ing considerations for successful therapy.

Case presentation
A 63-year-old male was urgently reviewed at a tertiary 
hospital endocrinology outpatient clinic for a 12  cm 
right-sided adrenal incidentaloma. This was identified 
on a chest computed tomography (CT) scan performed 
to investigate weight loss. He was a heavy smoker (59 
pack-year history), with chronic obstructive pulmonary 

disease, schizophrenia and depression. His mental health 
was stable, and medications included clozapine and 
venlafaxine.

The patient had asymptomatic hypertension with 
a systolic blood pressure of 134 − 163  mmHg. He 
reported no palpitations or headaches. Plasma norme-
tanephrine and 3-methoxytyramine (3-MT) levels were 
approximately 10 times the upper limit of normal at 
9272  pmol/L (< 900) and 1023  pmol/L (< 110), respec-
tively. Plasma metanephrine levels were unremark-
able. A 24-h urine collection was concordant, with an 
elevated normetanephrine:creatinine ratio of 2.6  mmol/
mol (< 0.25), 3-MT:creatinine ratio of 2168micromol/mol 
(< 197), and metanephrine:creatinine ratio of 0.17 mmol/
mol (< 0.10). The aldosterone:renin ratio, 1 mg dexameth-
asone suppression test, serum sodium, serum potassium 
and DHEA-S levels were unremarkable (Table 1).

A dedicated contrast adrenal CT scan confirmed a 
right adrenal mass measuring 12.2 cm × 9.7 cm × 10.7 cm. 
There was heterogeneous post-contrast enhancement 
with enhancing solid areas and non-enhancing necrotic 
and cystic areas. It was not consistent with a lipid-rich 
adrenal adenoma, with low absolute and relative contrast 
washout estimated at 39% and 28%, respectively. The 
adrenal mass was thought to be inseparable from the liver 
on imaging (Fig. 1), and thus suspected to be an invasive 
malignant phaeochromocytoma. FDG positron emis-
sion tomography (PET)/CT demonstrated moderate to 
intense metabolic activity within the right adrenal mass 
and an intensely-avid right inguinal node, raising concern 
for metastasis. On  [68Ga]Ga-DOTATATE (Ga-TATE) 

Table 1 Biochemistry prior to and following adrenalectomy

Cr Creatinine, DST Dexamethasone suppression test

Pre-operative Post-operative Reference range

Plasma
 Normetanephrine 9272 pmol/L 991 pmol/L  < 900 pmol/L

 Metanephrine 368 pmol/L −  < 500 pmol/L

 3-methoxytyramine 1023 pmol/L 134 pmol/L  < 110 pmol/L

24-h urine
 Normetanephrine:Cr 2.6 mmol/mol 0.26 mmol/mol  < 0.25 mmol/mol

 Metanephrine:Cr 0.17 mmol/mol 0.05 mmol/mol  < 0.10 mmol/mol

 3-methoxytyramine:Cr 2168 μmol/mol −  < 197 μmol/mol

Other functional testing
 1 mg DST 61 nmol/L −  < 50 nmol/L

 Salivary cortisol 2.3 nmol/L − 3 − 35 nmol/L

 24-h urine cortisol 161 nmol/L (volume 2180 mL) −  < 280 nmol/L

 Aldosterone:renin ratio 34 −  < 71

 Sodium 138 mmol/L − 135 − 145 mmol/L

 Potassium 4.4 mmol/L − 3.5 − 5.2 mmol/L

 DHEA-S level 0.3 μmol/L − 3.0 − 10.5 μmol/L
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Fig. 1 A FDG (left panel) and GaTate (right panel) maximum intensity projections (bottom) and upper abdominal axial slice demonstrating 
a moderate to intensely FDG-avid right adrenal lesion (red arrows) with corresponding patchy, peripheral somatostatin receptor expression 
on GaTate (orange arrows), as well as a single intensely FDG-avid right inguinal lymph node (blue arrows). B Contrast adrenal CT demonstrating 
measurements of the large right adrenal mass (rulers)
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PET-CT, the adrenal lesion demonstrated patchy, het-
erogenous somatostatin receptor (SSTR) expression, at 
most Krenning 3 (intensity above liver). An echocardio-
gram was unremarkable.

The patient was commenced on alpha-blockade with 
phenoxybenzamine. It was initiated at 10 mg twice daily, 
then uptitrated to 30 mg twice daily to achieve a systolic 
blood pressure of 100-110 mmHg.

Given the patient’s comorbidities and high mortality 
risk with attempted surgery, a multidisciplinary team dis-
cussion recommended an excisional inguinal node biopsy 
to exclude metastases. The inguinal node biopsy showed 
reactive tissue only.

Given suspected hepatic invasion, the patient then pro-
ceeded to a right adrenalectomy and segment 6/7 liver 
resection (Fig.  2). Histopathology revealed a 130  mm 
diameter neuroblastoma of the differentiating subtype 
with a low Mitosis-Karyorrhexis Index. There was lym-
phovascular invasion and tumour focally present at the 
resection margin, but no tumour in one periadrenal 
lymph node and no tumour invasion in the adherent liver 
(Fig.  3). Immunohistochemistry revealed ALK positivity 
(+ 3) and wild type ATRX.

Post-operatively, phenoxybenzamine was ceased, and 
he recovered well after a brief period of inotropic support. 
At nine months following adrenalectomy, the plasma nor-
metanephrine level has reduced to 991  pmol/L (< 900), 
with persistent minor elevation attributed to venlafax-
ine. The 24-h urine normetanephrine:creatinine ratio is 
0.26 mmol/mol (< 0.25), and the metanephrine:creatinine 
ratio is 0.05  mmol/mol (< 0.10). Post-operative GaTate 
PET/CT shows no definite abnormal SSTR-expressing 
lesions in the surgical bed or elsewhere. The patient has 
completed adjuvant radiotherapy and is a candidate for 

ALK-targeted therapy if required for recurrent or meta-
static disease in the future.

Discussion and conclusions
Neuroblastic tumours arise from sympathetic ganglion 
cells, comprising of neuroblastomas (immature, malig-
nant), ganglioneuroblastomas (intermediate), and gan-
glioneuromas (mature). Neuroblastomas usually affect 
children, being extremely rare in adults. The most com-
mon sites for adult-onset neuroblastoma are adrenal, 
abdominal paraspinal, and mediastinal [11].

Clinical presentation of adult neuroblastoma is varia-
ble; the most common symptoms are abdominal pain and 
sequelae from impingement on neighbouring viscera. 
However, neuroblastoma may also present as adrenal 
incidentalomas and may secrete catecholamines, aldos-
terone or adrenocorticotropic hormone (ACTH) [1]. 
Medications may also increase plasma metanephrine lev-
els [12], including venlafaxine taken by our patient, which 
has been reported to increase normetanephrine to more 
than four-fold the upper limit of normal [13–15]. Isolated 
elevations in metanephrine or normetaphrine levels at 
least three-fold the upper limit of normal, however, are 
unlikely to be false positives. This should prompt further 
investigations to detect a PPGL or neuroblastoma [16].

Neuroblastomas may be misdiagnosed as phaeochro-
mocytomas given the ability to secrete catecholamines. 
They may also have similar radiological features, includ-
ing heterogeneous contrast uptake on CT and poorly-
defined margins [17]. They are usually identified in the 
retroperitoneum or pelvis [17]. To date, all reported cases 
of catecholamine-secreting adrenal adult neuroblasto-
mas have been very large, ranging in size from 8  cm to 
24.1  cm. The resected neuroblastoma described in this 
case was 15 cm in diameter (Fig. 2).

Interestingly, the neuroblastoma described here had 
biochemical and imaging profiles suggestive of a pseu-
dohypoxic subtype phaeochromocytoma; there were 
elevated normetanephrine and 3-MT levels but normal 
metanephrine levels, together with both FDG and SSTR-
avidity on nuclear imaging.

Surgery is the primary treatment for localised disease, 
with adjuvant chemotherapy and radiotherapy offered 
depending on stage, histology, grade and genetic prog-
nostic factors [1]. A high proportion of adult patients 
– up to 75% of cases in one series [11] – present with 
metastatic disease. Thus, there is an imperative for 
genomic testing in these patients to evaluate for targeted 
systemic treatment options.

The genomic landscape of adult neuroblastoma dif-
fers from paediatric tumours. For example, a published 
cohort analysis of 26 adult neuroblastoma patients who 
had varying methods of genomic testing describes 42% Fig. 2 Right adrenal mass, with partial liver resection
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with activating ALK mutations and 58% with ATRX 
loss-of-function mutations [11]. Both of these muta-
tions occur less frequently in paediatric tumours, which 
are more commonly driven by MYCN-amplification [11, 
18]. The high frequency of ALK-mutations in adult neu-
roblastoma offers the potential for targeted therapy with 
ALK-inhibitors for patients with metastases or recurrent 
disease, as is available for our patient.

There may be additional mutations in adults as yet 
unrecognised due to rarity of the condition and lim-
ited available tumour genomic data. Further research 
is required to investigate genomic differences between 
adult and paediatric cases, and understand why adult 
neuroblastomas carry a worse prognosis than paediatric 
neuroblastomas [11].

Including this case, only seven cases of catechola-
mine-secreting adrenal neuroblastoma in adults have 
been described in the literature [1–7]. Prior to surgical 

resection and histological review, the differentials for this 
case included pseudohypoxic subtype phaeochromocy-
toma, and composite phaeochromocytoma. There are no 
established clinical or radiological criteria to distinguish 
catecholamine-secreting neuroblastoma from PPGL. 
Histology was critical for this case given adjuvant therapy 
for neuroblastoma differs from PPGL, with the former 
treated with radiotherapy. Surveillance and genetic test-
ing also differ between the two pathologies. Diagnosing 
ALK-positive neuroblastoma triggers consideration of 
ALK-targeted therapy, which is not relevant for PPGL. 
A critical eye is required for the accurate diagnosis and 
management of malignant adrenal incidentalomas.

Abbreviations
3-MT  3-Methoxytyramine
ACTH  Adrenocorticotropic hormone
ALK  Anaplastic lymphoma kinase
ATRX  Alpha-thalassemia mental retardation X-linked

Fig. 3 Resected neuroblastoma histology, demonstrating A Low-power view of the tumour with nests of small blue primitive-appearing 
cells floating within an oedematous and fibrillary background, B Medium power view demonstrating a variety of tumour cells ranging 
from small- and primitive-appearing (neuroblasts, yellow arrow) to larger cells with moderate amounts of eosinophilic cytoplasm and large nuclei 
(ganglion cells, black arrow) against a neurofibrillary background, C Higher power view demonstrating morphology of tumour cells in different 
stages of maturation from neuroblasts (blue arrow) to ganglion cells (black arrow), D Nests of undifferentiated neuroblasts against a haemorrhagic 
background, and E Pseudo-Rosette formation: arrangement of tumour cells around a central area filled with neurofibrillary processes
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CT  Computed tomography
Ga-TATE  [68 Ga]Ga-DOTATATE
MYCN  V-myc myelocytomatosis viral-related oncogene, neuroblastoma 

derived
PPGL  Phaeochromocytoma and paraganglioma
PET  Positron emission tomography
SSTR  Somatostatin receptor
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