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ABSTRACT
Ganglioneuroblastoma and neuroblastoma are malignant
catecholamine-secreting tumors arising from neural crest tissue.
Thirty-eight cases of functional retroperitoneal extra-adrenal
neuroblastoma and ganglioneuroblastoma in adults are reported
in English literature. These tumors behave more aggressively
in adults compared to children and have very poor prognosis.
We report four adults who presented with retroperitoneal extraadrenal ganglioneuroblastoma and neuroblastoma between
2008 and 2012. Median age at presentation was 28.5 years
(21-40 years). One patient was in late stages of pregnancy. Three
patients presented with local pressure effects from the tumor and
one patients manifested clinical features of catecholamine
excess. Biochemical analysis showed raised urinary dopamine excretion in all our patients. Urinary noradrenaline and
metanephrines were elevated in three cases. Computed tomography/magnetic resonance imaging/meta-iodobenzylguanidine
(CT/MRI/MIBG) confirmed stage IIB disease in one patient,
stage III disease one patient and stage IV in two cases. Preoperative biopsy confirmed diagnosis in two cases. Complete
surgical resection was performed in patient with stage II B
disease and partial surgical resection was feasible in other
cases. Histological diagnosis was ganglioneuroblastoma in two
cases and neuroblastoma in two cases. Meta-iodobenzylglunidine/radiotherapy and chemotherapy were used for residual
disease. Urinary catecholamines and metanephrines normalized after complete tumor resection but remained elevated
in residual disease. Survival for neuroblastoma was 15 and
21 months after the surgery and 29 months for ganglioneuroblastoma. One patient remains free of disease at 6 months.
Functioning ganglioneuroblastoma and neuroblastoma are
rare in adults and only one other case ganglioneuroblastoma
in pregnancy is reported in the world literature. Measurement of plasma/urinary excretion of catecholamines and
their precursors and metabolites is helpful for diagnosis of
neuroblastoma and ganglioneuroblastoma. Due to late presentation surgical resection is unlikely to be curative. Three of our
patients developed local recurrence of disease. Urinary/plasma
assay are used for monitoring disease relapse. Long-term
survival is unusual.
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introduction
Neuroblastoma and ganglioneuroblastoma are malignant
tumors that arise from primitive neural crest cells. The
incidence of neuroblastoma is approximated as 2.26 per
million person-years, with 60% of cases diagnosed before
the age of 2 years and 84% before the age of 10 years. It is
extremely rare in adults (around 0.1-0.2 cases per million
per year in the United States).1,2 Ganglioneuroblastoma in
adults is even less prevalent: there are only fifty cases of adult
ganglioneuroblastoma reported in the literature.3 In adults,
common primary sites of neuroblastoma are pelvis, abdomen
and retroperitoneum.4,5 Ganglioneuroblastoma tend to occur
in the abdomen, mediastinum, neck and lower extremities.6
Catecholamine overproduction associated with neuroblastoma was first described in 1959 by Issacs et al.7 Further
observations by Sandler in 1967 suggest that 75% of
neuroblastoma/ganglioneuroblastoma are functional, they
invariably secrete dopamine.8 Symptoms of catecholamine
production, however, do not commonly feature in the presentation of these tumors and the main presenting symptoms are
due to local pressure effects from the mass or from disseminated disease.
Neuroblastoma tend to be more aggressive than ganglio
neuroblastoma, both metastasise through lymphatic and
vascular routes, to bone, liver, skin and genitalia. Paucity of
information is available on the tumor behavior in adults and
no standard guidelines for managing adult neuroblastoma
and ganglioneuroblastoma are available at present.
We describe four patients (two males and two females,
median age 28.5 years—range 21-40 years) referred with
a retroperitoneal mass subsequently diagnosed as cate
cholamine producing retroperitoneal neuroblastoma or
ganglioneuroblastoma. One of the patients presented with
ganglioneuroblastoma in the late stages of pregnancy, only
the second case reported in the world literature. This paper
aims to raise the awareness of functional retroperitoneal

89

Kamilla Mahkamova, Barney J Harrison

(extra-adrenal) neuroblastoma and ganglioneuroblastoma
occurring in adulthood and reports the tumors’ distinct
biochemical and pathological features, which help to differentiate them from other adult malignancies that can present
in similar manner, including primary or metastatic small cell
carcinoma, lymphoma, rhabdomyosarcoma and paraganglioma. The current treatment strategies and outcome are
also discussed.
case reports
Case 1
A 36-year-old male with a 3-year history of severe back pain
was found on computed tomography (CT) to have a retroperitoneal mass measuring 10 × 9 cm and skeletal changes suspicious of metastases. Bone marrow biopsy stained positive
for CD56 and showed malignant cells with neuroendocrine
differentiation. Urinary noradrenaline, normetanephrine and
dopamine excretion was raised at 0.8, 34.4 and 55.2 µmol/
24 hour, respectively (normal ranges: noradrenaline: 0-0.49
μmol/24 hrs, normetanephrines 0-3.0 μmol/24 hrs dopamine
0-3.4 μmol/24 hrs). The initial diagnosis was of malignant
abdominal paraganglioma.
Perioperative α-adrenoceptor blockade was achieved
with phenoxybenzamine. At laparotomy a tumor invading
the posterior abdominal wall and encircling the aorta and
vena cava was partially excised leaving residual disease on
the vertebral column. Macroscopic analysis reported a 100 ×
90 × 65 mm tumor; the cut surface was brown with bright
yellow patches. Microscopy showed a malignant tumor with
evidence of widespread vascular invasion, and birefringent
yellow crystals, presumed to be rich in tyrosine. Cells were
negative for v-myc avian myelocytomatosis viral oncogene
neuroblastoma (MYCN) amplification, moderately positive
for CD56 and synaptophysin, strongly positive for neurofilament and focally positive for S-100 and microtubule
associated protein (MAP-2) in larger cells. The findings
were consistent with pure adult type neuroblastoma, owing
to the absence of characteristic cell groupings found with
paraganglioma.
At 2 months after surgery, meta-iodobenzylguanidine
(MIBG) scan confirmed widespread bone metastases.
Post-operative urinary excretion of noradrenaline, normetanephrine and dopamine remained elevated at 0.9, 45.6 and
241.4 µmol/24 hours, respectively.
Therapeutic MIBG was administered and following three
treatment sessions the patient reported improvement in his
symptoms, which were mainly lower back pain.
Several months later, he developed further metastases in
his thoracic spine and skull and required further surgery to
decompress thoracic vertebrae and resect skull metastasis.
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Localized radiotherapy to the thoracic spine was administered postoperatively.
Disease progression was demonstrated in the liver and
skeleton and following palliative chemotherapy (Etopside),
the patient succumbed to the disease 21 months after the
initial surgery.
Case 2
A 40-year-old woman complaining of left loin pain was
found on CT scan to have a 70 × 40 mm retroperitoneal
mass encasing the left renal artery and evidence of retroperitoneal lymphadenopathy. The mass was biopsied under
CT guidance which confirmed the presence of a tumor with
neuroendocrine differentiation. A 24-hour urine collection revealed normal levels of adrenaline, noradrenaline,
metanephrine and normetanephrine. Urinary dopamine was
grossly elevated on more than one occasion at 19.9, 20.9
and 13.5 µmol/24 hours (3.40-3.85 μmol/24 hrs). Metaiodobenzylguanidine scan showed vague uptake in the left
acetabulum, suggestive of metastasis.
Left nephrectomy, adrenalectomy and splenectomy
were performed; histology reported a poorly differentiated
ganglioneuroblastoma of abdominal autonomic ganglion
origin. Focal Homer-Wright rosettes were observed and
small to medium cells with scant cytoplasm were seen. The
tissue was negative for MYCN amplification. Clusters of
cells stained positive for S100, neurofilament, microtubule
associated protein-2 (MAP-2), CD56, neuron-specific enolase, prostatic acid phosphatase 9.5 and synaptophysin.
Postoperative magnetic resonance imaging (MRI) identified a left ovarian mass; this was excised and confirmed as
a metastatic tumor of neuroectodermal origin.
The patient developed local recurrence at the site of
initial surgery, MIBG scan confirmed metastatic disease in
the spine, liver, mid upper abdomen and pelvis. The patient
was offered chemotherapy but declined this in favor of
therapeutic MIBG. Her symptoms of back pain were alleviated following therapeutic MIBG, but soon after completing the treatment, she developed anemia. Bone marrow
biopsy showed infiltration by tumor cells but the patient
declined further treatment. She died 29 months after the
initial surgery.
Case 3
A 21-year-old man presented with a 1 year history of progressively worsening low back pain, constipation not relieved
by laxatives and weight loss. This was associated with
episodes of palpitations, excessive sweating and headaches.
He had no significant family history.
Clinical examination was unremarkable apart from
moderately elevated blood pressure (BP 157/77 mm Hg).
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Computed tomography of abdomen and pelvis (Fig. 1),
identified a large retroperitoneal mass extending from the
superior border of right kidney to the aortic bifurcation,
crossing the midline and associated with enlarged retroperitoneal lymph nodes.
Core biopsy of the mass confirmed the mass to be a
grade II neuroendocrine tumour—a poorly differentiated
neuroblastoma.
A 24 hour urine collection showed significantly raised
dopamine and high normetanephrine levels. Plasma normetanephrine levels were elevated (Table 1).
Meta-iodobenzylguanidine and bone marrow biopsy
ruled out distant metastatic disease.
The patient received neoadjuvant chemotherapy, which
resulted in a slight reduction of the size of the retroperitoneal mass. Laparotomy was performed after preoperative
alpha-blockade. Intraoperative findings included a tumor
mass extending from the level of the right kidney deep into
the pelvis with the tumor bulk overlying and encasing the
abdominal aorta and inferior vena cava, renal vessels and
right ureter. Infra renal resection of the tumor was performed
(approximately 50% of the tumor mass was removed).
Histology confirmed the ultrastructural features of neuro
blastoma, i.e. cluster of small round chromatin-rich cells
in a fibrocellular tissue stroma with positive immunohistochemical staining for MAP-2 and neurofilament. Evidence
of extensive vascular invasion was demonstrated.
The postoperative recovery was complicated by the
development of recurrent retroperitoneal fluid collections
managed with percutaneous drainage under CT guidance
and antibiotic therapy.
Postoperatively, the patient underwent further chemotherapy but a progressive increase in the size of the tumor
was observed on subsequent CT. The patient died from
disease 6 months after the initial surgery.

Fig. 1: Abdominal CT of patient 3 showing large retroperitoneal
mass which crossed the midline
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Table 1: Biochemical profile for Patient 3
Values

Reference
ranges
24-hour urine dopamine
7392 nmol/24 hrs 0-3400
24-hour urine methoxytyramine 5.2 μmol/24 hrs
2.4-2.8
24-hour urinary metanephrine
0.8 μmol/24 hrs
0-1.7
24-hour urinary normetanephrine 8.8 μmol/24 hrs
0-3.0
24-hour urine noradrenaline
357 μmol/24 hrs 0-490
Plasma metanephrine
187 pmol/l
80-510
Plasma normetanephrine
2025 pmol/l
120-1180
Table 2: Biochemical profile for Patient 4
Values
24-hour urine dopamine

Reference
ranges
0-3400

4929 nmol/24 hrs
(1st sample)
22746 nmol/24 hrs
(2nd sample)
11365
0-2300

24-hour urine 3methoxytyramine
24-hour urine metanephrine
612
24-hour urine normetanephrine 3786

0-1000
0-3000

Case 4
A 23-year-old primigravida, 33 week pregnant, was referred
with an incidental finding of a large retroperitoneal mass
identified on abdominal ultrasound scan after a fall. Past
medical and family histories were noncontributory. Physical
examination revealed a distended abdomen consistent with
gravid uterus and no other palpable masses. The patient was
normotensive.
Urinary dopamine levels were elevated on two occasions
and urinary normetanephrine levels were found to be above
the normal limit (Table 2).
Magnetic resonance imaging scan demonstrated a large
homogeneous soft tissue mass in the right retroperitoneal
space extending paravertebrally from the level of L2
to T9 (Fig. 2). The mass displaced the right kidney and

Fig. 2: Magnetic resonance imaging abdomen image of patient 3
showing tumor mass in right retroperitoneal space extending into thorax
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invaded the thorax through defect in the posterior aspect
of diaphragm.
As malignancy was suspected, the patient underwent
cesarean delivery at 36 weeks gestation after preoperative
administration of α-blockade. A live male infant was delivered without significant complications.
After delivery, FDG PET whole body scan showed ‘low
levels of activity in the tumor suggestive of non-aggressive
disease’. The patient underwent curative resection of the
lesion via a transthoracic approach 3 weeks after the cesarean
section. Intraoperative findings were of a lobulated tumor
mass, the main bulk situated behind the right kidney and
medially behind the inferior vena cava. A separate tumor
nodule was excised from the thoracic aspect of the diaphragm.
The tumor (17 × 13 × 5 cm, 540 g with the diaphragmatic
nodule measuring 8 × 5 × 3 mm) consisted of primitive
neuroblasts and ganglion cells, i.e. ganglioneuroblastoma
of origin from the sympathetic chain.
Postoperatively, plasma dopamine levels were within the
normal range. The patient is under life-long follow-up and
monitored with 6 monthly plasma normetanephrines and
dopamine and 6 monthly MRI scans.
Discussion
Literature search for adult (over 16 years of age) retroperitoneal (extra-adrenal) neuroblastoma and ganglioneuroma
using Medline, Embase and PubMed identified 26 cases
of histologically diagnosed retroperitoneal neuroblastoma
(including one of renal origin)4,5,9-24 and 12 cases of ganglioneuroblastoma (including 2 renal and 1 paravertebral in
origin).6,25-32 In the neuroblastoma group, the median age
was 32 (16.1-56). There were 9 males and 17 females. In
the ganglioneuroblastoma group, there were 6 males and
6 females with median age 46.5 (26-69).
From the literature review it is difficult to infer the
proportion of catecholamine-producing retroperitoneal
neuroblastoma and ganglioneuroblastoma and the nature
of the secreted bioamines due to insufficient data. In 8 of
26 cases of adult retroperitoneal neuroblastoma, 24-hour
urine excretion of catecholamines and their metabolites
were measured. The levels were found to be elevated in five
of these cases.9,11,12,15,17 Vanillylmandelic acid (VMA) and
urinary metanephrine levels were most commonly specified
as being raised.
Assay of urinary catecholamines and their metabolites
was performed in 5 out of total of 12 cases of ganglioneuroblastoma. The levels were elevated in 2 out of 5 patients.6,27
Raised VMA levels were found in one of the cases, and in
the second case no further details as to the nature of raised
urinary catecholamines were provided.
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All of the patients in our case series demonstrated raised
urinary dopamine excretion. Patient 2 had an exclusively
dopamine secreting ganglioneuroblastoma, whereas Patient
1 and Patient 3 presented with noradrenaline-producing
neuroblastoma.
In previous studies involving 144 children7,33-40 diag
nosed with neuroblastoma or ganglioneuroblastoma at
different anatomical sites, the proportion of catecholamine
secreting tumors varied between 75 and 100% depending
on the case series, they were invariably dopamine secretors.
Elevated urinary excretion of noradrenaline/total metanephrines/VMA was described in at least 65% of cases. A case
of adrenaline secreting ganglioneuroblastoma is reported.41
This pattern of urinary bioamine excretion may suggest
a diagnosis of paraganglioma/pheochromocytoma and this
was the initial diagnosis for Patient 1 and Patient 3. In addition, dopamine secretion by pheochromocytoma is rare and
often an indication of malignancy.42
One of our patients, Patient 3 with a noradrenaline- producing neuroblastoma had clinical features of catecholamine
excess, which is more indicative of pheochromocytoma.
Noradrenaline-secreting neuroblastoma produce hypertension in a minority of cases.43 To explain this, Sadler and
Ruthven8,44 proposed that noradrenaline is metabolically
degraded in tumor tissue or peripherally and only tiny quantities of free noradrenaline are liberated into the circulation. It
would however seem prudent that when biopsy or surgical
resection is to be performed in patients with noradrenaline
producing tumors, pre-procedure α-adrenoceptor blockade
is used as a means to avoid hypertensive crisis.45
Histological diagnosis of neuroblastoma and ganglioneuroblastoma is confirmed by the typical appearance of
small round cells with hyperchromatic nuclei and scanty
cytoplasm, divided by fibrovascular stroma, neuroblastomas
often exhibit typical Homer-Wright rosettes formations).
Abortive pseudorosettes may be seen in undifferentiated
neuroblastoma.
Negative immunohistochemical staining for leukocyte
antigen (CD45), muscle markers and cytokeratins and positive neural markers CD 56, chromogranin A, synaptophysis,
neurophilament and neuron specific enolase help to differentiate neuroblastomas from other tumors of non-neuronal
origin.20
Meta-iodobenzylguanidine is sensitive in detecting distant soft tissue and bony metastasis of neuroblastoma. Metaanalysis of seven pediatric study series reported sensitivity
greater than 76% (76-100%). Meta-iodobenzylguanidine is
recommended for the initial staging of the disease and for
reassessment following treatment.46
The treatment protocols for adult neuroblastoma and
ganglioneuroblastoma are adapted from pediatric guidelines
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and guided mainly by disease stage and histological features
of the tumor. Staging is in accordance with the International
Neuroblastoma Staging System (Table 3).47
Adults with retroperitoneal neuroblastoma/ganglioneuroblastoma tend to present with advanced stage disease and
metastasis to multiple different sites more frequently than
pediatric cases.13 Of 26 patients with retroperitoneal neuro
blastoma one patient had stage I disease, one patient had
stage II disease, 8 had stage III disease and 16 had stage IV
disease. In 12 cases of ganglioneuroblastoma, 4 were known
to have metastatic spread. Even localized disease appears
to follow a more aggressive course in adults compared with
children.5,13,19,25,48
Patients with localized disease (stage I and II) are treated
with surgical resection of the tumor. Survival data are only
available from pediatric studies reporting 90% 3-year eventfree survival.49,47
Recurrent or disseminated disease (Stage III and IV)
warrants treatment with chemotherapy and/or radiotherapy.
Surgery still has a role in advanced disease, aggressive surgical intervention in children as initial treatment is reported
to have a favorable effect on the prognosis.4
Combination chemotherapy with multiple cytotoxic
agents can achieve significant regression of the tumour in
children,50,51 but in adults the results are more disappointing.
Although, chemotherapy rendered beneficial responses in
some adult patients’ numbers, there is no significant impact
on overall survival.4,19,22,25,52
In selected patients with recurrent or refractory disease,
I131MIBG therapy may be appropriate. An on-going clinical trial reports overall (complete and partial) response rates
around 36% and significant increase in overall survival for
neuroblastoma patients (49% at 1 year and 29% at 2 years).
The significant complication of therapeutic MIBG therapy
is hematologic toxicity. Myelosuppression was observed at

higher doses (15 mCi/kg or higher), with 50% of subjects
requiring hematopoietic cell transfusion.53
Scarce data are available to draw any conclusions on the
efficacy of radiotherapy in adults with neuroblastoma and
ganglioneuroblastoma.
Urinary or plasma assay of catecholamines and their
metabolites are used to monitor response to the therapy and
for relapsed disease. Dopamine appears to be a more reliable
indicator of persistent disease/relapse.
A more favorable prognosis is associated with younger
age, localized disease (stage I and II) at presentation and the
type of tumor. Patients with ganglioneuroblastoma have a
better prognosis compared to those with neuroblastoma.
The average survival for our patients with neuroblastoma
was 13.5 months after the initial surgery and 29 months for
ganglioneuroblastoma with one patient with ganglioneuroblastoma remains free of disease following surgery.
From the literature review, 21 out of 26 cases (80.8%) of
adult retroperitoneal neuroblastoma had follow-up of more
than 12 months. At 12 months, 15 out of 21 (71.4%) patients
were alive with or without disease. For adult retroperitoneal
ganglioneuroblastoma, data for 12 months survival was available for 8 patients (66.7%). Four patients remained alive at
1 year (50%), though one of the deaths was due to suicide
rather then the disease.
The survival rates at 2 and 3 years cannot be accurately
estimated from the literature review due to insufficient
follow-up. Five patients with neuroblastoma presented with
recurrent/metastatic disease within 2 to 3 years. The overall
survival is very poor.
Learning points
•

Neuroblastoma and ganglioneuroblastoma are a very
rare cause of retroperitoneal tumor in adults but should
be considered in the differential diagnosis.

Table 3: International neuroblastoma staging system
Stages
Stage I

Disease involvement
Localized tumor with complete gross excision, with or without microscopic residual disease; representative ipsilateral lymph
nodes negative for tumor microscopically (i.e. nodes attached to and removed with the primary tumor may be positive)
Stage II A Localized tumor with incomplete gross excision; representative ipsilateral nonadherent lymph nodes negative for tumor
microscopically
Stage II B Localized tumor with or without complete gross excision, with ipsilateral nonadherent lymph nodes positive for tumor.
Enlarged contralateral lymph nodes must be negative microscopically
Stage III
Unresectable unilateral tumor infiltrating across the midline, with or without regional lymph node involvement; or localized
unilateral tumor with contralateral regional lymph node involvement; or midline tumor with bilateral extension by infiltration
(unresectable) or by lymph node involvement. The midline is defined as the vertebral column. Tumors originating on one
side and crossing the midline must infiltrate to or beyond the opposite side of the vertebral column.
Stage IV
Any primary tumor with dissemination to distant lymph nodes, bone, bone marrow, liver, skin, and/or other organs, except
as defined for stage 4S.
Stage IV s Localized primary tumor, as defined for stage 1, 2A, or 2B, with dissemination limited to skin, liver, and/or bone marrow
(limited to infants younger than 18 months).5 Marrow involvement should be minimal (i.e. <10% of total nucleated cells
identified as malignant by bone biopsy or by bone marrow aspirate). More extensive bone marrow involvement would be
considered stage 4 disease. The results of the MIBG scan, if performed, should be negative for disease in the bone marrow.
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•

Biochemical diagnosis is based on elevated 24-hour
urinary catecholamines/metanephrines, particularly
dopamine and their metabolites. Normal catecholamine
and metanephrine levels do not exclude neuroblastoma/
ganglioneuroblastoma.
Only a minority of these patients will manifest clinical
features of catecholamine excess.
Alpha-blockade is advised for patients with noradrenaline-producing tumors.
Meta-iodobenzylguanidine is very sensitive for localizing and assessing the extent of the disease.
No specific protocols are available for treating adults
with neuroblastoma/ganglioneuroblastoma; pediatric
treatment guidelines are currently used.
There is only one prior report of neuroblastoma occurring
in pregnancy, as in this second case, treatment consisted
of elective cesarean section prior to tumor resection. No
apparent negative effects on the fetus were observed in
either case.
Treatment consists of surgical resection, more advanced
disease requires chemo/radio/MIBG therapy. The prognosis for the adults with retroperitoneal neuroblastoma
remains poor with current therapeutic strategies.

•
•
•
•

•

•
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