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Abstract
Adrenocortical carcinomas are extremely rare aggressive tumors arising from the adrenal cortex.
Histopathologically, differential diagnosis between adrenocortical carcinoma and pheochromocytoma is often
difficult. We report two autopsy cases of adrenocortical carcinoma. The first case was a 20-year old man. He had
abdominal discomfort and increasing swelling of the lower legs. Computer tomography (CT) detected a tumor of 16
cm in diameter at the right retroperitoneum space and multiple liver nodules. Although he was treated with
chemotherapy, he died of the cardiovascular failure accompanying inferior vena cava tumor embolism after 4 days of
initial chemotherapy. The second case was a 57-year old woman. She felt easy fatigability. Abdominal
ultrasonography and CT detected a tumor of 20 cm in diameter at the left retroperitoneum space and multiple liver
nodules. She was also treated with chemotherapy and mitotane. However, she died 13 months after the initial
diagnosis. Autopsies were conducted in both cases. Histologically, both tumors were composed of polygonal shaped
cells with marked atypia. Immunohistochemically, both showed positive for synaptophysin, carletinin, inhibin, melan
A and steroidogenic factor 1 and negative for chromogranin, suggesting that both tumors were adrenal cortex origin.
Moreover, both cases were categorized into malignancy according to Weiss criteria. Thus, we diagnosed both cases
were aderenocortical carcinoma. We report here two autopsy cases of aggressive advanced adrenocortical
carcinoma, emphasizing the utility of the immunohistochemical panel.
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Introduction
Adrenocortical carcinoma is a rare and highly aggressive
malignancy and poor prognosis. Some patients show hormone excess,
such as Cushing’s syndrome and virilization, or local mass effect. The
tumor stage and complete surgical resection are the most important
factor on survival. Currently, the European Network for the Study of
Adrenal Tumours(ENSAT) classification (2008) is commonly used
[1,2]. In recent reports, overall survival remains low with a stagedependent 5-year survival of 15% for stage IV [3].
The distinction whether the tumor arising from adrenal cortex or
medulla can generally be conducted by both clinical and morphologic
features. On the other hand, some reports have showed that this
distinction is occasionally difficult because both tumors have the
similar in imaging and morphologic feature. In addition, the both
tumors often show similar immunohistochemical findings. However, it
is important to distinguish between adrenocortical carcinoma and
malignant pheochromocytoma to determine the medical treatment
regimens.
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We report the two autopsy cases of aggressive advanced
adrenocortical carcinoma, emphasizing the utility of the
immunohistochemical panel, such as synaptophysin, chromogranin,
carletinin, inhibin, melan A and steroidogenic factor 1 (SF-1).

Case Reports
Case 1
A 20-year old man had abdominal discomfort and increasing
swelling of the lower legs. His height was 170 cm, and his weight was
110 kg (body mass index 38.1). On physical examination, abdominal
distention, abdominal mass and marked edema of lower legs was
observed. Computer tomography (CT) detected a tumor of 16 cm in
diameter at the right retroperitoneum space with tumor embolism in
the vena cava and multiple liver nodules (Figure 1). Laboratory finding
showed slight anemia (Hb: 10.5 g/dL), liver dysfunction (AST/ALT:
125/191 U/mL, ɤ-GTP: 276 IU/L), a serum lactate dehydrogenase
(LDH) of 1,804 IU/L and a serum dehydroepiandrosterone sulfate
(DHEA-S) level of 1,550 µg/dL. His serum adrenocorticotropic
hormone (ACTH) level was low. Urinalysis showed an increased
urinary cortisol and androgen metabolites. Liver biopsy was
performed for the histological diagnosis. Although malignant tumors,
such as a malignant pheochromocytoma and adrenocortical
carcinoama, were suspected, it was difficult to make a definitive
diagnosis in the liver biopsy specimen. Although the further
examination was required, since disease progression was rapid, the
chemotherapy to a malignant pheochromocytoma according to CVD
(cyclophosphamide, vincristine and dacarbazine) protocol was
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performed under sufficient informed consent. After 4 days of
chemotherapy, the patient died of the cardiovascular failure
accompanying inferior vena cava tumor embolism and prerenal failure
in 1 month after the initial diagnosis. An autopsy was performed 3.2
hours after death. The right adrenal tumor was adhered to right kidney,
liver and inferior vena cava. Microscopically, direct invasion to liver
and inferior vena cava, but not right kidney, was observed. The
yellowish brown tumor, measuring 25 × 15 × 11 cm, weighing 2,250 g
showed a thick fibrous capsule and extensive necrosis (Figure 1). On
histological examination, the tumor was composed of malignant cells
with abundant amounts of eosinophilic cytoplasm (Figure 1).

Figure 3: Immunohistochemical staining of Case 1. The tumor cells
are strongly positive for synaptophysin (a), calretinin (c) and
steroidogenic factor 1 (SF-1) (f). Inhibin (d) and melan A (e) shows
patchy in the carcinomatous areas. However, the tumor cells are
negative for chromogranin (b).

Figure 1: Case 1: a) Computer tomography showed a tumor of 16
cm in diameter at the right retroperitoneum space with tumor
embolism in the vena cava. b) Macroscopic findings of adrenal
tumor: on the cut-surface, the tumor shows a solid growth pattern,
yellowish, tumor with massive necrosis. The tumor shows a thick,
fibrotic capsule, with invasion to the extra-capsular area (arrow)
and the inferior vena cava (arrow head). No normal adrenal tissue
was identified. c, d) Adrenocortical carcinoma histological
appearance; the tumor cells are arranged in several architectural
patterns, including trabeculae and alveolar nests. The tumor is
composed of a proliferation of large and polygonal shaped cells
having enlarged irregular vesicular nuclei.
The tumor cell nuclei showed high-grade atypia, including
pleomorphic and bizarre. The mitoses were observed by high rate and
atypical mitosis was also scattered. Immunohistochemically, the tumor
cells were diffusely positive for synaptophysin, carletinin, and focally
positive for Inhibin, melan A and SF-1, whereas they were negative for
chromogranin (Figure 3).

Ki-67 proliferative index was approximately 40%. The histological
finding of adrenal tumor was applied to the nine all Weiss histological
criteria (Table 1) [4].
Case 1

Case 2

Nuclear grade FurhmannIII / IV

+

+

Mitotic rate 5/50 HPF

+

+

Abnormal mitoses

+

+

25% clear cells

+

+

1/3 diffuse architecture

+

+

Necrosis

+

+

Venous invasion

+

+

Sinusoid invasion

+

-

Capsular invasion

+

+

Total Weiss score

9

8

Table 1: Weiss system for our two cases.
These findings were consistent with adrenocortical carcinoma. The
final pathological diagnosis was adrenocortical carcinoma stage .

Case 2
A 57-year old woman had easy fatigability. On physical
examination, acnes on her face and eruptions on her face were
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observed. The blood pressure was normal. Abdominal ultrasonography
and CT detected a tumor of 20 cm in diameter at the left
retroperitoneum space and multiple liver nodules (Figure 2).
Furthermore, a thoracic CT scan demonstrated several nodules in the
lung. Laboratory finding showed a serum cortisol level of 744 µg/mL, a
serum DHEA-S level of 1,800 µg/dL, a serum testosterone level of 11.6
ng/mL and a serum LDH of 1,944 IU/L. Her serum ACTH level was
low. There was no remarkable increasing of tumor markers. The videoassisted thoracic surgery (VATS) of right lung and liver tumor biopsy
were performed for the histological diagnosis. On microscopic
examination, the both tumors were composed predominantly of
eosinophilic atypical cells with solid pattern. These tumor cells showed
high nuclear atypia, high mitotic rate and atypical mitotic figures.
Immunohistochemically, almost all of the tumor cells were diffusely
positive for synaptophysin. Immunoreactivity of chromogranin was
not detected in the tumor cells. These findings suggested metastatic
adrenocortical carcinomas. The patient started mitotane and
chemotherapy according to EDP (etoposide, doxorubicin, and
cisplatin) protocol and continued treatment at a dose of 1.5 - 4.5g/day
with plasma mitotane level monitoring. After 4 courses of
chemotherapy, the subsequent CT scan revealed a progression of
disease. After 5 courses, the patient preferred to stop the treatment for
the malaise. The patient died of uncontrolled tumor 13 months after
the initial diagnosis. An autopsy was performed 2 hours after death.
The left adrenal tumor of 19 × 12 × 12 cm, weighting 1,480 g, was
adhered to left kidney. Macroscopically, the adrenal tumor had the
yellow cut surface with areas of haemorrhage and necrosis (Figure 2).
Microscopically, the tumor was surrounded by a fibrous capsule and
the invasion to other organs was not observed (Figure 2).

melan A, whereas they were negative for chromogranin. Ki-67
proliferative index was approximately 30% (Table 2).
Case 1

Case 2

Synaptophysin

+

+

Chromogranin

-

-

Calretinin

+

+

Inhibin

+

+

Melan A

+

+

Steroidogenic factor 1

+

+

Table 2: Immunohistochemical Staining Results for our cases.
Among the criteria of Weiss for adrenocortical carcinoma, all
criteria expect sinusoidal invasion were observed (Table 1).
Futhermore, the metastatic sites of lung and liver showed same
histological findings. As the results, the final pathological diagnosis
was adrenocortical carcinoma stage IV.

Discussion
Adrenocortical carcinoma is a relatively rare disease with an
incidence of 0.5-2 in 1,000,000 people, accounting for only 0.02% of all
malignant tumors [5-6]. General findings of adrenocortical carcinoma
are summarized (Table 3) [4-8]. The recent improvement in diagnostic
imaging has increased the frequency of detecting adrenal
incidentalomas. Nevertheless, in many cases, the adrenocortical
carcinoma has become a large tumor mass and is progressive by the
time of diagnosis or surgery. Adrenocortical carcinomas are typically 5
cm or larger in size. However, many reports described that the tumors
are ≥ 10 cm in greatest diameter and weigh significantly higher at
about 600 g by the time of diagnosis or surgery [9]. Furthermore, the
tumors have often spread to remote parts of the body by the time of
diagnosis, such as the liver (48-85%), lung (30-60%), lymph node
(7-20%), and bone (7-13%) [10]. Our two cases also had liver
metastasis when initial diagnosis.
Age distribution

bimodal: first peak in 4th-5th decade, second
peak in childhood

Gender

male to female ratio, 1 to 1.5

Presenting
symptoms

Figure 2: Case 2: a) Computer tomography showed a tumor of 20
cm in diameter at the left retroperitoneum space. b) Macroscopic
findings of adrenal tumor; the adrenal tumor had the yellow cut
surface with areas of haemorrhage and necrosis. c, d)
Adrenocortical carcinoma histological appearance; the majority of
tumor was occupied by cells with eosinophilic cytoplasm and highgrade atypia, including pleomorphic and bizarre nuclei.
The majority of tumor was occupied by cells with eosinophilic
cytoplasm and high-grade atypia, including pleomorphic and bizarre
nuclei. High mitotic rate and atypical mitosis were observed.
Immunohistochemically, the tumor cells were diffusely positive for
synaptophysin, carletinin and SF-1, and focally positive for Inhibin and
J Clin Exp Pathol
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signs

and abdominal pain, palpable mass, fatigue,
weight loss and intermittent low-grade fever

Histopathological findings*

3 or more, as in Weiss system

Immunohistochemical fidings
Calretinin

positive

Chromogranin

negative

Inhibin

positive

Melan A

positive

Synaptophysin

positive

SF-1

positive
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Outcome

5 year survival: below 20%

Table 3: General findings of adrenocortical carcinoma.
Functioning tumors account for 59.3-62% of all cases, which
produce cortisol (30-40%), androgens (20-30%), estrogens (6-10%), or
aldosterone (2-2.5%) [5,10-11]. A mixed pattern of hormone
production is seen in 24%-35% of patients. The diagnosis of
adrenocortical carcinoma is characterized by an elevation of blood
DHEA-S and urinary 17-KS levels, both of which are not specific
markers. Thus, histopathological examination is important to confirm
the diagnosis.
It has been reported that in histopathological examination of
adrenocortical tumors, cellular atypia, infiltration, and mytosis, which
are typically used for histopathological differential diagnosis in other
organs, are not necessarily useful indicators, and histopathological
differentiation between benign and malignant adrenal cortical tumors
is often difficult. A scoring system called the Weiss criteria has
frequently been used in differentiating benign from malignant adrenal
cortical tumors [4,12-13]. The adrenocortical carcinoma should be
differentiated from malignant pheochromocytoma of the adrenal
medulla. Histopathologically, alveolar or trabecular growth pattern
and the presence of intracytoplasmic hyaline globules are
morphological features characteristic to pheochromocytoma, which,
however, are not specific and observed also in adrenal cortical lesions.
Sangoi et al. reported that a misleading clinical presentation lead to
erroneous preoperative diagnosis of pheochromocytoma in 14% of
adrenal cortical tumors [8]. Case 1 could not reach definitive
pathological diagnosis in a pretreatment biopsy specimen obtained
from the liver metastatic lesion. Chemotherapy used generally for the
treatment of malignant pheochromocytoma was administered, but
autopsy
revealed
adrenocortical
carcinoma.
Various
immunohistochemical studies have been conducted to investigate
immunoprofiles of adrenal cortical lesions and pheochromocytoma
[14-20]. Adrenal cortical tumors usually show that calretinin, inhibin,
and melan A are positive and chromogranin is negative in many cases.
In contrast, in pheochromocytoma, chromogranin is positive and
calretinin, inhibin, and melan A are negative. Synaptophysin has been
reported to be positive in both lesions. In our study, synaptophysin,
calretinin, Inhibin and melan A were positive in both of the two cases.
These results were the same as that of the previous reports. Sangoi et al.
attempted to differentiate between adrenal cortical tumors and
pheochromocytoma using SF-1. SF-1 participates in the development
of steroidogenic tissues and regulation of steroid biosynthesis, a
nuclear receptor belonging to the NR5A subgroup that is involved in
the development of gonads and adrenal glands [8]. They reported that
immunostaining of SF-1 as well as chromogranin, calretinin, inhibin,
and melan A would lead to more effective differentiation between
adrenal cortical tumors and pheochromocytoma. In our cases, both
tumors were diffusely positive for SF-1. In Case 1, it was difficult to
distinguish between adrenocortical carcinoma and malignant
pheochromocytoma in the liver biopsy specimen without
immunohistochemical examination of SF-1. We also suggest that SF-1
is a useful immunohistochemical marker to determine primary
adrenocortical tumors.
Chemotherapy mainly consisting of mitotane has been the mainstay
of treatment for patients with progressive adrenocortical carcinomas
[21]. The pharmacological activities of mitotane have been attributed
to cytotoxicity against adrenocortical cells and tumor shrinkage of
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adrenal cortical carcinomas due to the inhibition of steroid synthesis
[22,23]. In contrast, no therapy for progressive malignant
pheochromocytoma has been established, although some studies have
demonstrated the efficacy of chemotherapy such as the CVD regimen
[24,25].
Many cases of adrenocortical carcinoma have progressed by the
time of detection or are surgically unresectable. There is concern that
advanced cases may necessitate the pathological examination of biopsy
specimens. The medical treatment regimens of adrenocortical
carcinoma and malignant pheochromocytoma are different. Therefore,
it is important to distinguish both malignant tumors. We have shown
that using these immunohistological panels is useful in distinguishing
adrenocortical carcinoma from malignant pheochromocytoma.
We reported two autopsy cases of advanced adrenocortical
carcinoma. As we showed here, adrenocortical carcinoma is highly
aggressive tumor. Also, only morphological findings may be difficult
for making pathological diagnosis. Thus, immunohistochemical panels
we showed here, as well as clinical information, are useful for
pathological diagnosis for adrenocortical carcinoma.
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