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Abstract. Adrenal neuroblastoma (NB) is very rare in adults. 
According to the literature, <100 cases have been reported 
worldwide to date, with >90% of the patients aged <10 years. 
As the early symptoms of the disease are not obvious, distant 
metastasis has often already occurred when the patients develop 
clinical symptoms. This lack of obvious symptoms may lead 
to misdiagnosis and inadequate treatment. Imaging and labo‑
ratory examinations are crucial for the diagnosis of NB, but 
reaching a definitive diagnosis prior to surgery is challenging, 
as the final diagnosis ultimately depends on histopathological 
examination. The aim of the present study was to report the 
rare case of a 40‑year‑old woman with adrenal left NB who 
underwent tumor resection. No tumor recurrence was observed 
at the 3‑month and 1‑year postoperative follow‑up, but a repeat 
computed tomography at the 3‑year postoperative follow‑up 
indicated metastases; the patient refused further treatment 
and eventually succumbed to the disease within 1 month. The 
aim of the present case was to emphasize the importance of 
individualized therapy and long‑term, close follow‑up of the 
patients. The clinical characteristics and treatment of this case 
of adrenal NB were also summarized and analyzed in order to 
raise clinical awareness of this rare disease.

Introduction

Adrenal neuroblastoma (NB) is a tumor of the autonomic 
nervous system originating from primordial neural crest cells. 
The occurrence of NB is common in children but very rare 
in adults, and the clinical manifestations are non‑specific (1). 
NB is highly malignant, usually characterized by invasive 
growth and propensity for organ metastasis. Compared with 

pediatric patients, the prognosis of adult patients with NB is 
poor (2). The most common primary site in adult patients (aged 
18‑60 years) is the central nervous system (39%), followed by 
the retroperitoneum (17%). The most common manifestations 
of adrenal NB in adults are the presence of an abdominal mass, 
abdominal pain, or other clinical manifestations caused by 
tumor growth and metastasis, such as spinal cord compression 
and hypertension (3).

Case report

In June 2016, a 40‑year‑old female patient was admitted to the 
Affiliated Hospital of Guizhou Medical University (Guiyang, 
China) with complaints of intermittent lower left back pain and 
progressive pain in the lower right abdomen for >3 months. 
The patient had a history of nephrolithiasis for 10 years and 
rheumatoid arthritis for 1 year, for which she received no 
treatment. On admission, the patient had a height of 160 cm, 
a weight of 70 kg and a blood pressure of 127/96 mmHg. No 
obvious abnormalities were identified on physical examina‑
tion. Urine analysis showed hematuria. No abnormality 
was identified in the remaining laboratory tests. Computed 
tomography (CT) examination (Fig. 1A and B) revealed the 
presence of a neoplastic lesion in the left suprarenal gland, 
sized ~5.3x5.0x4.3 cm. Following discussion with the patient 
and her family, laparoscopic radical tumor resection was 
recommended. The surgery was successful. Intraoperatively, 
the adrenal tumor was found to be surrounded by an adipose 
tissue capsule and it was mobile. Finally, the tumor was 
completely removed and sent to the Department of Pathology. 
The results of the pathological examination of the surgical 
specimen (Fig. 2A‑D) included the following: H&E staining 
of the tumor revealed round cells of different sizes, with little 
cytoplasm, deep staining and diffuse nuclear distribution, as 
well as a small number of lymphocytes in the fibrous stroma; 
in addition, the cancer cells were arranged in nest‑like solid 
sheets. Immunohistochemical examination revealed that the 
tumor cells were positive for synaptophysin, CD56, CD99 and 
chromogranin A, partially positive for S‑100 and Ki‑67 (80%), 
and negative for other markers, such as leukocyte common 
antigen, cytokeratin 5/6 and P63.

The final diagnosis was adrenal NB. Due to personal and 
family‑related issues, the patient did not undergo further anti‑
tumor therapy, such as radiotherapy or chemotherapy. There 
were no obvious abnormalities on imaging and laboratory 
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examinations at the 3‑month postoperative follow‑up, and no 
tumor recurrence was observed on imaging examination at 
the 1‑year postoperative follow‑up. However, a repeat CT at 
the 3‑year postoperative follow‑up revealed pulmonary metas‑
tasis. The patient refused chemotherapy and targeted therapy, 
and finally succumbed to the disease within 1 month.

Discussion

Adrenal NB in adults is rare, and imaging plays an important 
role in the diagnosis, staging, curative effect evaluation and 
long‑term follow‑up of patients with NB (4).On CT examina‑
tion, NB manifests as a round cystic, solid, or irregular solid 
mass with uneven density, necrotic areas and patchy calcifica‑
tion in the center, with vascular entrapment and vasodilation 
in or around the tumor (5). The typical manifestations of NB 
on magnetic resonance imaging (MRI) examination include 
calcification, necrosis, hemorrhage and cystic degeneration. In 
a previous study, MRI revealed inhomogeneous signal inten‑
sity, low signal intensity on T2‑weighted imaging (T2WI) and 
high signal intensity on T2WI (6). Metaiodobenzylguanidine 
(MIBG) enters cells through the norepinephrine transporter (7), 
providing a sensitive and specific method of evaluating 
cartilage and bone tumors. NBs produce catecholamine 
metabolites, which can be used for the biological diagnosis 
of NB. The abnormal level of catecholamines secreted by NB 
can be detected by examining the levels of plasma epinephrine 
and norepinephrine (8); However, as this test lacks specificity, 
it should be limited to cases with unclear symptoms and 
should not be used for routine screening (9). The definitive 
diagnosis of NB ultimately depends on histopathological and 
immunohistochemical examination.

The International Neuroblastoma Risk Group (INRG) 
staging system (10) has been developed for statistical and clin‑
ical risk stratification of different subgroups of patients with 
NB. The classification is based on age at the time of diagnosis, 
INRG tumor stage, histological classification, tumor differen‑
tiation, DNA ploidy, MYCN oncogene locus and copy number 
status of chromosome 11q. In the INRG staging system, the 
degree of local disease is determined by the presence of 
image‑defined risk factors (L1 and L2, respectively), whereas 
Phase M is used for widely spread disease. According to the 
5‑year event‑free survival (EFS), Patients with 5‑year EFS 
>85%, >75% to ≤85%, >50% to ≤75%, or <50% were classified 
as very low, low, intermediate, or high risk, respectively. The 
INRG classification system greatly promotes the comparison 
of risk‑based clinical trials conducted in different parts of 
the world and the development of international collaborative 
research (10).

There is currently no unified standard for the treatment 
of adult NB. In the present case, laparoscopic resection of 
the tumor was performed, but no adjuvant chemotherapy 
or radiotherapy were administered postoperatively. 
Laparoscopic surgery has the advantages of less trauma and 
quick recovery after surgery, which is superior to traditional 
laparotomy (11). Owing to the rarity of adult NB, there is 
a lack of chemotherapeutic drugs for standard treatment; 
however, radiotherapy is recommended if the disease 
progresses after surgery and chemotherapy. For high‑risk 
patients, active comprehensive treatment, including surgical 

resection, high‑dose chemotherapy combined with stem 
cell rescue, radiotherapy and biological/immunotherapy 
can improve patient prognosis (12). In a Memorial‑Sloan 
Kettering retrospective study of 30 patients with advanced 
NB, >50% of the patients were treated with high‑dose 
induction chemotherapy after surgery to achieve optimal 
results (13). Surgical resection is the main treatment for 
low‑risk patients. Alternative combination chemotherapy 
includes cyclophosphamide, carboplatin, cisplatin, etopo‑
side, teniposide and doxorubicin (14). Compared with 
cisplatin alone, the biological coupling of cobalt sulfur 
nanoparticles and cisplatin led to a 57‑78% reduction in 
NB cell proliferation (15). It has been demonstrated that 
the anaplastic lymphoma kinase (ALK) gene is associated 
with NB susceptibility, and that changes in MYCN gene 
status may also lead to changes in ALK (16). ALK muta‑
tions in patients with NB indicate a poor prognosis and are 
accompanied by a corresponding invasive phenotype (16). 
Therefore, ALK is considered to be an important oncogene 
in NB and a target for targeted therapy (17). A retrospective 
study demonstrated that the majority of adult NBs lacked 
MYCN amplification (18).

The prognosis of NB originating from the adrenal glands is 
poor, while that of NB originating from the thoracic vertebrae 
is more favorable, with an overall survival rate 38% higher 
compared with that of adrenal NB (19), which may be due to 
the lower risk of metastatic spread, non‑amplification of the 
MYCN oncogene and overall favorable molecular biological 
characteristics. Metastasis is the most important factor in 
determining the prognosis of patients with NB. If recurrence 
or progression is suspected, comprehensive evaluation should 
be made in combination with CT, MRI, 123I‑MIBG scintig‑
raphy and positron emission tomography‑CT scans (20). The 
prognosis of patients with NB aged >18 months with MYCN 
amplification, 1p deletion and 17q increase is poor. Preventing 
and reducing metastasis is the main clinical challenge in the 
treatment of NB (21).

The results of Wevers et al (22) showed that the 
high‑throughput plate microfluidic model of the human 
blood‑brain barrier may be used for drug screening. Due to 
the expression of human transferrin receptor on brain endo‑
thelial cells and the potential to support receptor‑mediated 
transcellular interaction, it is of particular significance 
in drug targeted therapy. Identifying feasible therapeutic 
targets is a major challenge in the treatment of adult NB. 
Drug discovery is a complex and multidisciplinary process. 
Efficient and high‑throughput screening can be used to inves‑
tigate hundreds of thousands of compounds every day, which 
can greatly reduce the cost and time of researchers (23). In 
recent years, some studies have shown that the microfluidic 
brain microvascular chip device can directionally control 
cell proliferation under conditions of unidirectional flow. 
These cell systems exist in the vascular beds of surrounding 
tissues, such as kidneys or lungs, and verify the barrier 
function of our brain microvascular chips by measuring 
the permeability of fluorescent dextran and human mono‑
clonal antibodies to further study the molecular transport 
mechanism of fluorescence‑labeled biological products, 
viruses or nanoparticles across cells (24). At present, organic 
compounds in the human brain can be used to simulate the 
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modeling, downstream analysis and application of various 
diseases. Human brain organic compounds provide a plat‑
form for studying the effects of substance or drug abuse on 
the central nervous system. The brain organic compounds 
of patients can be implanted with high throughput to test a 
large number of drugs and identify the most beneficial drugs 
for patients, which provides a new idea for the treatment of 
adrenal diseases, such as adrenal NB in adults (25).

In conclusion, adrenal NB in adults is clinically rare and 
highly malignant. Preoperative staging, surgical resection 
and postoperative adjuvant therapy can help prolong patient 
survival. When there is suspicion of adult NB, the feasibility 
of surgical treatment should be comprehensively evaluated in 

combination with imaging, laboratory and pathological exami‑
nations, in order to avoid a missed diagnosis or misdiagnosis.

Acknowledgements

Not applicable.

Funding

The present study was supported by the National Natural 
Science Foundation of China (grant no. 81660263) and 
Doctoral Fund of Affiliated Hospital of Guiyang Medical 
College, (Guiyang, Guizhou, China; grant no. C‑2012‑6).

Figure 1. Abdominal CT examination. (A) An abdominal CT scan revealed a sizeable soft tissue density shadow in the left adrenal area, with uniform density 
and clear boundaries with surrounding tissue structures. (B) Abdominal CT with contrast enhancement revealed that the size of the tumor in the left adrenal 
area was ~5.3x5.0x4.3 cm. Following contrast‑enhanced scanning, the tumor exhibited obvious inhomogeneous enhancement; the parenchyma of the tumor 
was obviously enhanced, while the low‑density area was not enhanced, and multiple strips of blood vessels were identified in it.

Figure 2. Histopathological examination of the resected specimen. (A) On H&E staining of tumor sections, pathological mitotic figures were observed, and 
the tumor cells were arranged in nests separated by slender fibers. Immunohistochemical staining of the tumor revealed that the tumor cells were positive for 
(B) CD56, (C) Ki67 (80%) and (D) synaptophysin. All magnifications, x200.
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