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Abstract. Evaluation of the malignant potential of a pheochro-
mocytoma (PCC) remains controversial. PCC is regarded as a 
neuroendocrine tumor (NET), and the classification of NETs 
has gradually been defined over the last decade, particularly 
for gastroenteropancreatic NET. The present study describes a 
case of locally advanced, carcinoma‑like, nonfunctional PCC, 
which may be regarded as neuroendocrine carcinoma (NEC) 
rather than a malignant PCC. A 72‑year‑old man was referred 
to Saitama Red Cross Hospital (Saitama, Japan), presenting 
with a 2‑month history of right flank pain. Computed tomog-
raphy revealed a right adrenal gland tumor, which measured 
6.0 cm in diameter, invading the hilum of the right kidney, liver 
and inferior vena cava (IVC). Radical surgery was performed 
with en bloc resection of the right kidney, and adjacent parts 
of the liver and IVC. Immunohistochemical examination 
demonstrated that all of the resected tissues were positive 
for cytokeratin AE1/AE3, chromogranin A, synaptophysin, 
cluster of differentiation 56 and Ki-67, and the specimen had 
a Ki‑67 index of 80%. A diagnosis of carcinoma‑like PCC or 
NEC of the adrenal gland was confirmed. Reports of NEC of 
the adrenal gland are extremely rare in the literature, and clas-
sification of PCC as a NET has not yet been fully discussed. 
The present case may therefore contribute to the classification 
of NETs in the adrenal gland.

Introduction

Pheochromocytoma (PCC) is regarded as a form of neuroendo-
crine tumor (NET) (1,2). PCC and NETs are extremely similar 
in terms of tumor cell origin, clinical and pathological features, 
and malignant potential (1,2). PCC arises from chromaffin cells 

in the adrenal medulla and typically produces catecholamines, 
resulting in characteristic symptoms, including hypertension, 
hyperglycemia and headaches (1). PCC without symptoms or 
secretion of catecholamines, which has been generally termed 
nonfunctional PCC, is extremely rare (3).

PCC has malignant potential similar to other NETs (4). 
Generally, ~10% of all PCC cases develop metastases in other 
areas of the body such as lymph node, bone, liver and lung, 
and are commonly diagnosed as malignant at the time that 
metastases appear (1,4). It is difficult to diagnose malignant 
PCC prior to the appearance of metastases due to the simi-
larity of pathological features between benign and malignant 
PCC (5,6). Thus, the diagnosis of malignancy and classifica-
tion of PCC have remained under discussion.

The present case described a 72‑year‑old man with locally 
advanced, carcinoma‑like, nonfunctional PCC of the adrenal 
gland, which appeared to be more similar to a neuroendocrine 
carcinoma (NEC) than a malignant PCC. The current study 
also discussed the malignant potential of PCC and NETs, and 
examined the potential application of the gastroenteropancre-
atic NET (GEP‑NET) classification to the adrenal gland in 
evaluation of malignancy.

Case report

A 72‑year‑old man, who was followed up for non‑muscle‑invasive 
bladder cancer [urothelial carcinoma, grade 3>2, pT1, according 
to World Health Organization (WHO) 1973 classification 
system (7)] with no recurrence or metastasis for 2 years, was 
referred to Saitama Red Cross Hospital (Saitama, Japan) in 
August 2012, presenting with a 2‑month history of right flank 
pain. A computed tomography scan (Aquilion; Toshiba Medical 
Systems Co., Ltd., Otawara, Japan) revealed a right adrenal 
tumor, measuring 6.0 cm in diameter, with an irregular and 
partially nodular outline. The tumor extended to the inferior 
vena cava (IVC), hilum of the right kidney and liver (Fig. 1). 
Iodine‑123 metaiodobenzylguanidine (MIBG) scintigraphy 
results were negative, and all serum adrenal hormone levels 
were within normal limits; however, a slightly elevated level 
of the tumor marker neuron‑specific γ‑enolase (25.7 ng/ml; 
normal range, <10 ng/ml) was observed. These imaging and 
laboratory findings suggested the presence of adrenal gland 
cancer without metastasis. Radical surgery was performed with 
en bloc resection of the tumor by removing the right kidney, 
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and adjacent areas of the liver and IVC. The specimen was 
fixed with 20% formalin and embedded in paraffin. Sections 
(3‑µm thick) were cut and stained with hematoxylin and eosin. 
Immunohistochemistry was performed using the avidin-biotin-
peroxidase-complex method with antibodies against cytokeratin 
(CK) AE1/AE3 (mouse monoclonal antibody, diluted 1:1; Nich-
irei Biosciences Inc., Tokyo, Japan), chromogranin A (rabbit 
polyclonal antibody, diluted 1:1; Nichirei Biosciences Inc.), 
synaptophysin (mouse monoclonal antibody, diluted 1:1; cata-
logue number 27G12; Nichirei Biosciences Inc.), cluster of 
differentiation (CD) 56 (mouse monoclonal antibody, diluted 
1:1; catalogue number 1B6; Nichirei Biosciences Inc.) and Ki-67 
(rabbit polyclonal antibody, diluted 1:1; catalogue number SP6; 
Nichirei Biosciences Inc.). Pathological examination revealed 
that the tumor cells were arranged in cord‑like and alveolar 
patterns, and exhibited a high nucleus‑to‑cytoplasm ratio with 
abundant nuclear chromatin. Immunohistochemical staining 
was positive for CKAE1/AE3, chromogranin A, synaptophysin, 
CD56 and Ki-67. The mitotic count was 27/10 high‑power fields 
(HPFs), and the Ki‑67 index was 80% (Fig. 2). The pathological 
diagnosis was confirmed as carcinoma‑like PCC or NEC of 
the right adrenal gland. The tumor also invaded the IVC and 
metastasized to the lymph nodes surrounding the IVC. Adjuvant 
chemotherapy for this type of tumor is not known to be effec-
tive (8); therefore, the patient was observed postoperatively and 
experienced no recurrence after 9 months with follow-ups every 
3 months. Informed consent was obtained from the patient for 
publication of the present case report.

Discussion

NETs may appear in a number of locations in the body, and 
are commonly observed in the lungs, pancreas and gastro-
intestinal tract  (9). NETs originate from neuroendocrine 

cells, and the overproduction of hormones within the tumor 
results in characteristic symptoms, which are dependent 
on the unique effect of each hormone (2). NETs have been 
considered as malignant tumors as they are able to metasta-
size long after treatment (10). However, a number of different 
organ‑specific diagnostic systems have been developed for 
each NET origin; therefore, the staging and grading of NETs 
remains unclear (11).

PCC also has specific grading systems for malignancy. The 
diagnosis of malignant PCC prior to the appearance of metas-
tases is considered difficult due to the histological similarities 
with benign PCC (5,6). There are certain grading systems, 
including Pheochromocytoma of the Adrenal Scaled Score (5) 
and Grading system for Adrenal Pheochromocytoma and Para-
ganglioma (6), used to characterize the malignancy of PCC (4,5). 

Figure 1. Abdominal contrast‑enhanced computed tomography showing a 
right adrenal tumor (6.0 cm in diameter) (A) suspected of invading the adja-
cent liver, and (B) extending into the posterior of the inferior vena cava and 
the hilum of the right kidney.

Figure 2. A histopathological diagnosis of neuroendocrine carcinoma of the 
adrenal gland was confirmed based on (A) H&E staining (magnification, x20), 
and immunohistochemical staining positive for (B) chromogranin A (mag-
nification, x40), (C)  synaptophysin (magnification, x40) and (D) Ki-67 
(magnification, x40). H&E staining revealed that the polygonal tumor cells 
had a high nucleus-to-cytoplasm ratio with abundant nuclear chromatin, 
and were arranged in cord-like and alveolar patterns. The mitotic count was 
27/10 high-power fields, while the Ki‑67 index was 80%. H&E, hematoxylin 
and eosin.
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Generally, scoring systems are very useful for risk assessment, 
particularly for predicting the probability of recurrence or 
metastasis. However, they are a little cumbersome as diagnostic 
tools to discriminate malignancy from benign tumor in a clinical 
setting, since they require 12 or 6 pathological factors for their 
individual scoring systems. Furthermore, these scoring systems 
fully depend on the pathological findings, and this is the cause 
of variance in judging each feature among pathologists (12). 
Therefore, they have not yet had a significant impact on changes 
in pathological diagnosis and follow‑up management. Previous 
studies have suggested that the Ki‑67 index may be valuable in 
the diagnosis of malignant PCC (13-15). The classification using 
the Ki‑67 index alone may be considered as simple and easy to 
apply in the clinical setting. However, the majority of malignant 
PCCs exhibit lower Ki-67 index than general malignant tumors, 
and setting a clear cut-off value within a narrow range (<5%) 
appears to be difficult (16). The cut-off value of Ki-67 index 
remains controversial. Therefore, a Ki-67 index‑based clas-
sification of PCC would require careful consideration prior to 
application.

NEC is a rare form of NET with a high grade of malig-
nancy (17). However, the definition of NEC remains unclear 
due to its rarity and diversity (17). NECs include a number of 
different tumors that originate in various organs and occasion-
ally co-exist with another malignancy such as adenocarcinoma 
or urothelial carcinoma in the same specimen, which makes it 
difficult to clearly categorize (18). However, to the best of our 
knowledge, the majority of NEC cases are small cell carcinoma 
(SCC), and ~95% of all SCCs originate from the lungs (19). 
Therefore, extrapulmonary NECs are extremely rare.

In 2010, the WHO advocated a simple and high‑impact 
classification of GEP‑NETs (17). The classification system 
categorized GEP‑NET into three groups according to mitotic 
count and Ki‑67 index as follows: ii) NET grade 1 (low‑grade 
malignancy); ii) NET grade 2 (intermediate‑grade malig-
nancy); and iii) NEC (high‑grade malignancy, described as 
carcinoma) (17). NEC is defined by a mitotic count of >20/10 
HPFs or a Ki‑67 index of >20% (17). This classification system 
is simple and has been proven useful for predicting survival; 
therefore, it has been gradually accepted in pathology, digestive 
internal medicine and surgery (20). NETs in various organs 
share a number of common pathological features; therefore, 
whether the GEP‑NET classification can be applied to other 
organs is now under careful consideration (12).

The present case was considered to be more similar to NEC 
of the adrenal gland than malignant PCC. Although the tumor 
localization and the immunohistochemical staining indicated 
that this tumor had arisen from the adrenal medulla, the tumor 
lacked several clinical features of PCC, such as an accumula-
tion on iodine-123 MIBG scintigraphy and overproduction of 
catecholamines. Scintigraphy using iodine‑123 MIBG, which 
mimics noradrenaline, is generally able to detect PCC (1), but 
the current case demonstrated negative results. Nonfunctional 
PCC, which refers to non-secreting PCC in the present study, 
is known to exist, but is extremely rare (3). Nonfunctional 
PCC, which may be associated with succinate dehydrogenase 
subunit B mutations  (3), has not yet been clearly defined. 
Certain authors understand that nonfunctional PCC means 
“PCC without any symptoms”, regardless of the overexpres-
sion of catecholamine, and it may be occasionally described 

as asymptomatic PCC or unsuspected PCC. Furthermore, a 
number of oncocytic PCCs may be regarded as nonfunctional 
PCC, and nonfunctional adenomas that are not resected or 
biopsied may contain nonfunctional PCCs. Therefore, it is 
not possible to clearly state the definite number of cases of 
“nonfunctional (non-secreting) PCC”, and only a few studies 
have reported cases of nonfunctional or non-secreting 
PCC (21-23). Altogether, nonfunctional PCC itself is extremely 
rare, and malignant change or anomaly of nonfunctional PCC 
is no longer inconceivable; therefore, the present case may not 
be classified as malignant PCC.

NEC may also be diagnosed following identification of 
distinctive immunohistochemical staining, including chromo-
granin A, synaptophysin and CD56. NEC is reportedly strongly 
positive for CKs such as CK18, AE1/AE3 and CAM 5.2, while 
PCC is typically negative (24,25). In the present case, all CK 
and neuroendocrine markers were positive. This pathological 
finding provided support for the diagnosis of NEC, and the 
tumor in the present case appears to be different from the 
malignant PCC generally observed among 10% of all PCCs. 
Furthermore, the present case of carcinoma-like PCC may be 
regarded as a type of SCC of the adrenal gland. However, SCC 
may account for a large number of NEC cases. Therefore, the 
tumor in the present case was preferably described as NEC of 
the adrenal gland, since PCC is a form of NET.

To the best of our knowledge, only 2 cases of NEC of the 
adrenal gland have been reported (26,27). If the GEP‑NET 
classification system is applied to adrenal medulla tumors, 
then PCC would be equivalent to NET grade 1, malignant 
PCC would be equivalent to NET grade 2 and carcinoma‑like 
tumors (as in the current case) would be equivalent to NEC. 
The versatility of this NET classification requires further 
examination and clarification in future investigations.

In conclusion, the current study presented an extremely rare 
case of carcinoma‑like, nonfunctional PCC, which may have 
been considered as more similar to NEC of the adrenal gland. To 
the best of our knowledge, there are currently no reports clearly 
indicating that NECs are the same as carcinoma‑like PCC. 
However, small cell carcinoma may account for a large number 
of NEC cases, and carcinoma‑like PCC may be a form of small 
cell carcinoma of the adrenal gland; this appears different from 
the malignant PCC generally observed among 10% of all PCCs. 
Therefore, the tumor in the present case was diagnosed as a 
carcinoma‑like PCC, but was preferably described as NEC of 
the adrenal gland. Such cases are extremely rare, and conclusive 
evidence was not available in the current case; however, it is 
considered that these findings will contribute to further investi-
gation of malignancies in the adrenal gland.
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