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Background: The aim of this study is to investigate origin, gross features, microscopic features, 

immunohistochemical properties, and differential diagnosis of adrenal cortical adenoma (ACA) 

in patients $20 years old.

Methods: The clinicopathological features of 116 cases of ACA and the immunohistochemical 

features of 50 cases of ACA were evaluated, and the relevant literature was reviewed.

Results: In our cohort, 76.72% (89/116) of the cases were functional, and 27 cases had non-

functional, benign adrenal adenomas. ACA presented as an island tumor with an envelope, and 

the mean tumor size was 3.6 cm (range 1–5 cm), with a mean tumor weight of 9.28 g (range 

5–113 g). The shape of the tumor cells was consistent, and mitosis was rarely observed. Forty of 

the 46 patients with cortisol-secreting ACA had tumors containing granule cells. Primary aldos-

teronism was observed in 43 cases. Thirty-eight cases had endoscopically visible tumors, with 

clear cells and lipid-rich cytoplasm arranged in irregular patches or strips. Cortisol-producing 

ACAs were associated with atrophy of the non-tumorous cortex. Adrenocortical adenomas 

displayed positive immunohistochemical staining for MELAN-A, Syn (46 of 50 cases of ACA), 

NSE (44 of 50 cases of ACA), Vim (42 of 50 cases of ACA) and Ki-67 ,5% (24 of 50 cases 

of ACA; the remaining 26 cases were negative for Ki-67).

Conclusion: Prediction of endocrine syndrome in functional ACA was possible based on its 

structure and morphologic features, which could prevent an unanticipated postoperative crisis. 

However, a clinical study is needed to validate these findings.

Keywords: adrenal cortical adenoma, pathological features, immunohistochemical staining, 

pathological analysis

Introduction
Primary adrenal cortical adenomas (ACAs) are common. Based on a summary of 25 

autopsy studies, the prevalence of these tumors was approximately 6%.1,2 More than 

85% of adrenal neoplasms, incidentally discovered by imaging techniques, ultimately 

clinically proved to be adenomas.3 However, adenomas are difficult to recognize in 

practice because many patients are asymptomatic, or they present with only non-specific 

symptoms. With recent advances in imaging techniques and new methods of hormone 

determination, the detection of ACA will continue to improve in the future.4

Only a few reports have been published regarding the pathology of ACA.5 The 

differences between malignant and benign adrenal disease,6,7 the characteristics of 

functioning and non-functioning adenomas,8,9 and the distinction between patients 

with bilateral and unilateral adrenal incidentalomas10 have been described, but little 

is known about the differentiation of adult and pediatric ACAs.
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In this study, we reviewed a series of 116 adult ACAs 

treated at our institution over the last 6 years. General infor-

mation, preoperative examinations, immunohistochemical 

properties, follow-up information, and symptoms and signs 

related to hormonal hypersecretion were analyzed. Fur-

thermore, the origin, gross features, microscopic features, 

pathologic diagnosis, and differential diagnosis of ACA 

(patients $20 years old) were investigated.

Materials and methods
Patients
Patients with ACA who were admitted to Liaocheng Hospital 

and other hospitals between 2006 and 2012 were reviewed. 

The presence of ACA was confirmed in all 116 patients by 

pathology, and all of the patients provided informed consent 

to be included in this study. Eighty cases were obtained from 

our hospital, and 36 cases were received from the surround-

ing counties and cities.

Methods
Analysis was performed in all cases by a standardized Envi-

sion method, using 10% formalin-fixed paraffin-embedded 

tissue sections that were approximately 4 µm in thickness. 

Hematoxylin and eosin-stained slides from all of the cases 

were thoroughly reviewed by two investigators. A compre-

hensive list of macroscopic and histologic observations was 

noted and recorded as follows: tumor size (greatest dimen-

sion in centimeters); tumor weight (in grams); location of the 

tumor (right or left); and the presence of capsular invasion. 

For the 50 cases with suspicious diagnoses, immunohis-

tochemical staining, using a hypersensitive two-step method, 

was recommended for further confirmation of ACA. Immu-

nohistochemical analysis of melan-A, CK (AE1/AE3), Syn, 

Vim, CgA, NSE, S-100, P16, and Ki-67 was performed. In 

addition, we reviewed detailed patient histories, the patients’ 

demographics (sex and age), physical examination findings, 

and the symptoms and signs related to hormonal hyperse-

cretion. We also recorded the macroscopic and microscopic 

pathologic features of the tumors. Follow-up data included 

current patient and disease status.

Results
Clinical data
One hundred and sixteen patients who were diagnosed with 

ACA and hospitalized in the Department of Urology of 

Liaocheng Hospital (Liaocheng, People’s Republic of China) 

and in other hospitals between January 2006 and December 

2012 were included in this retrospective study (68 women, 

48 men). Study protocols involving human materials were 

approved by the institutional ethics committee of Liaocheng 

Hospital. The median age of the 116 patients was 50.8 years 

(range 26–79 years; male:female, 1:1.417), and only one case 

was present in a patient younger than 30 years old. Unilateral 

incidentalomas were present on the left side in 56 patients 

and on the right side in 60 patients, all of which were island 

tumors with envelopes. The tumors ranged in size from 0.5 

to 22.0 cm, and the size distribution of the present series 

peaked at 1.5–4.0 cm (94.8%, 110/116). Biochemical and 

baseline hormonal evaluations revealed that 76.7% (89/116) 

of the tumors were functional (hyperaldosteronism 37.1% 

[43/116], hypercortisolism 39.7% [46/116]).

The duration between disease onset and diagnosis 

ranged from 2 months to 6 years. Forty-six patients with 

cortisol-producing adenomas exhibited symptoms, including 

headache and/or dizziness (38/46), central obesity and san-

guineous temperament (24/46), muscle weakness (22/46), 

purple skin striae or ecchymosis (14/46), edema (16/46), 

and dwarfism (12/46). Forty-three patients had symptoms 

and signs of primary aldosteronism, eg, headache and/or 

dizziness (35/43), myasthenia gravis or periodic paralysis 

(23/43), polydipsia/polyuria (12/43), tic (5/43), and blurred 

vision (5/43). In the non-functional adenoma group, 20 

patients were asymptomatic, and tumors were discovered 

incidentally over the course of work-ups or during treatment 

for unrelated disorders. The remaining seven patients pre-

sented with other clinical features, such as abdominal pain 

or other non-specific complaints.

All of the cases received follow-up exams (from 5 months 

to 5 years). No recurrence or metastasis was found in any of 

the 116 pathologically confirmed benign adenomas.

Pathological examinations
Gross examination: solitary masses in the unilateral adrenal 

gland occurred in 116 cases of ACA. The tumors were oval, 

flat, and round; they contained an envelope and appeared 

aurantium or brown on the cut surface with a soft texture. 

The tumors ranged in size from 0.5 to 22.0 cm, with a mean 

tumor weight of 9.28 g (range 5–113 g). One hundred and 

twelve (96.55%) tumors were #50 g in weight.

Microscopic features: ACAs were covered with a fibrous 

capsule, and the adrenal cortex was compressed at the periph-

ery in some cases. The tumors were composed of different 

proportions of clear cells and compact cells, and the tumor 

cells were slightly larger than normal cortical cells. The cell 

shape was consistent, and mitosis was rare. Scattered irregu-

lar nuclei, hyperchromatic cells and giant cells were observed 
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in some adenomas. The tumor cells were arranged in nests, 

cords or trabecular shapes, with rare solid areas, rich blood 

sinuses and smaller numbers of interstitial cells.

Cortisol-producing ACAs were associated with atrophy 

of the non-tumorous cortex. In contrast, the non-tumorous 

adrenal cortex was not atrophic in glands harboring an 

aldosterone-producing ACA (Figure 1A), and they occasion-

ally exhibited hyperplastic changes, especially in the zona 

glomerulosa layer (paradoxical hyperplasia). There was no 

obvious morphological difference between non-functional 

and functional ACAs, although the latter lesion can cause 

primary aldosteronism or hypercortisolism.11 Primary 

aldosteronism was observed in 43 cases, and there were 

38 cases of endoscopically visible tumors containing clear 

cells, with increased amounts of lipofuscin in the cytoplasm 

arranged in irregular patches or strips (Figure 1B). Forty of 

the 46 patients with cortisol-secreting ACAs presented with 

granule cell tumors, and the cells were densely arranged 

in small mesh or fasciculate patterns, with cell cords 

exhibiting sinus gap shapes and blood sinus segmentation 

(Figures 1C and D).

Immunohistochemical results
Fifty cases had suitable material for immunohistochemical 

evaluation. None of the adenomas showed S-100 or CgA 

expression; however, Syn staining was positive in 92% 

(46/50) of cases tested, NSE (+) staining was observed in 

88% (44/50) of cases, and Vim (+) staining was found in 84% 

(42/50) of cases. All samples were positive for melan-A, and 

24 cases displayed Ki-67 staining ,5% (+).

Discussion
The incidence of adult ACA is low. In our study, most of the 

patients were in the third to fifth decades of life, and they were 

predominantly female. Adrenal cortical neoplasms in the 

pediatric population are rare, and it is estimated that approxi-

mately 25 cases of pediatric adrenal cortical neoplasms occur 

in the United States per year. In an American study, 83 cases 

of pediatric adrenal cortical neoplasms were found, represent-

ing 0.13% of the 60,732 benign and malignant primary neo-

plasms diagnosed in pediatric patients, ranging in age from 

4 months to 19 years old (mean 7.6 years; median 4 years).12 

No biphasic age distribution was observed, with 53% of the 

Figure 1 Aldosterone-producing and cortisol-producing adenoma.
Notes: (A) Aldosterone-producing adenoma (hematoxylin and eosin [HE] ×100). (B) Aldosterone-producing adenoma (HE ×400). (C) Cortisol-producing adenoma 
(HE ×200). (D) Cortisol-producing adenoma (HE ×400).
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cases occurring in children younger than 5 years old and 

37% of the cases occurring in those older than 10 years old. 

Only 10% of the cases occurred in children between the ages 

of 5 and 10 years old.12 Although girls were affected more 

frequently than boys, sex did not prove to be a statistically 

significant predictor of an adverse patient outcome.12

ACA is a benign tumor of the adrenal cortical cells. 

The pathogenesis of adrenocortical adenomas is currently 

obscure. Some researchers believe that adenoma nodules are 

formed from adenomatoid hyperplasia and that the formation 

of hyperplastic nodules by ACTH gradually transforms these 

hyperplastic nodules into independent functional nodules. 

Depending upon the ability of these tumors to produce 

hormones, they were divided into non-functional and func-

tional ACAs. Clinical symptoms were usually associated 

with tumor size, the position of the tumor, and the secreted 

hormone. The synthesis and secretion of hormones in the 

tumor often fluctuated, and the symptoms were not obvi-

ous when secretion levels were low. Non-functional adult 

adrenal cortical neoplasms accounted for 23.28% (27/116) 

of the cases in our cohort, and 19.3% (16/83) of the studied 

pediatric population displayed non-functional lesions.

Forty-six patients had symptoms and signs of Cushing’s 

syndrome, eg, central obesity, moon face, buffalo hump, 

headache and/or dizziness, sanguineous temperament, 

muscle weakness, purple skin striae or ecchymosis, edema, 

and dwarfism. The 43 patients with primary aldosteronism 

presented with headache and/or dizziness, myasthenia gravis 

or periodic paralysis, polydipsia/polyuria/polydipsia, tic, and 

blurred vision. Therefore, ACAs were mostly found due to the 

presentation of clinically related symptoms. The serendipitous 

discovery of an adrenal tumor (adrenal incidentaloma) is a 

byproduct of modern technology. The routine use of sophisti-

cated radiological techniques, such as abdominal ultrasound, 

computed tomography, and magnetic resonance imaging, has 

revealed a problem that is increasingly recognized in current 

medical practice. Of 27 patients with non-functional adrenal 

adenomas, seven patients had abdominal pain or other non-

specific complaints unrelated to the suspicion of adrenal 

disease, and the remaining 20 adenomas were discovered 

inadvertently in the course of other work-ups.

Identification of ACA and adrenal nodular hyperplasias: 

occasionally, it was difficult to distinguish ACA from adrenal 

nodular hyperplasias. Generally, the latter was composed 

of bilateral multiple nodules, there were no fibrous septa 

between the nodule and the surrounding tissue, and diffuse 

hyperplasia of the adrenal cortex adjacent to the nodule 

was observed. In contrast, ACAs usually presented as 

well-circumscribed and encapsulated solitary neoplasms, 

and the non-neoplastic adrenal glands demonstrated cortical 

atrophy to a different extent. The ACA cells were larger than 

normal cortical cells, and there were no differences between 

these cells regarding intracytoplasmic lipid content, nuclear 

morphology or the presence/absence of lipofuscin.

The distinction between aldosterone-producing and 

cortisol-producing adrenal cortical neoplasms: Peppelman 

et  al13 showed that CD56 is expressed in adrenal cortical 

neoplasms and concluded that CD56 immunohistochemistry 

could not distinguish between aldosterone- and cortisol-

producing ACAs.

While this finding might be true, the authors also stated 

that “the distinction between aldosterone-producing and 

cortisol-producing adrenal cortical neoplasms is hardly possi-

ble by conventional histology”. However, some scientists14–16 

suggested that aldosterone-producing and cortisol-producing 

adenomas could be distinguished by assessing the status 

of the non-tumorous adrenal cortex on hematoxylin and 

eosin stained slides. Lack believed that cortisol-producing 

ACAs were associated with atrophy of the non-tumorous 

cortex due to the negative feedback–suppression effects 

of the hypothalamic–pituitary axis. In contrast, the non-

tumorous adrenal cortex is not atrophic in glands harboring 

an aldosterone-producing ACA, and it occasionally exhibits 

hyperplastic changes, especially in the zona glomerulosa 

layer (paradoxical hyperplasia).

The real challenge lies in distinguishing aldosterone-

producing adenomas from non-functioning ACAs that also 

display a normal adjacent cortex. Because the ultrastructural 

features of aldosterone-producing adenomas are unique, this 

distinction could be made reliably by electron microscopy. 

Aldosterone-producing cells contained mitochondria with 

lamellar-type or plate-like cristae, whereas glucocorticoid-

producing and non-functioning adenoma cells contained 

mitochondria with tubulovesicular cristae. The endoscopic 

manifestation of the aldosterone-secreting ACA that we 

observed was consistent with the above results.

Importantly, assessment of the non-tumorous adrenal cor-

tex is a critical function of the surgical pathologist, which could 

have acute clinical implications, yet it is often overlooked. 

Even the gross identification of atrophy of the non-tumorous 

adrenal cortex in a gland with a dominant cortical adenoma 

should prompt the surgical pathologist to determine whether 

the patient has been diagnosed with Cushing’s syndrome. If the 

surgical pathologist recognizes the atrophy, then timely contact 

with the relevant clinician could prevent the unanticipated 

postoperative crisis of acute Addison’s disease.17
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Distinguishing ACAs from carcinomas can pose a 

difficult diagnostic problem, even if clinical imaging and 

cellular morphology are taken into account. The major dif-

ferential diagnostic criteria for ACA and adenocarcinoma 

include capsular invasion, vascular envelope presence, and 

metastasis. Metastatic disease is the most reliable evidence 

of malignancy. In a few cases, especially when a smooth 

envelope was observed, a small number of irregular tumor 

nuclei was scattered throughout the sample, and hyperchro-

matic cells or tumor giant cells were observed in specimens. 

Due to improper treatment or slices of poor quality, it was 

difficult to determine whether invasion of the capsule and 

of the blood vessels occurred. Sometimes capsular invasion 

can be difficult to recognize because the expanding capsule 

might be a pre-existing adrenal capsule.

Invasion of adjacent soft tissue, the kidney or the liver 

is a definitive sign of malignancy. Criteria for the diagno-

sis of adrenal cortical carcinoma were recently proposed 

by Weiss’ group. Weiss’ criteria18 are useful because of 

their reliance on histologic features. These features include 

1) high nuclear grade; 2) mitotic rates .5 per 50 high-power 

fields; 3) atypical mitotic figures; 4) eosinophilic tumor cell 

($75% of tumor); 5) diffuse architecture ($33% of tumor); 

6) confluent necrosis; 7) vena cava invasion (smooth muscle 

in wall); 8) sinusoidal invasion (no smooth muscle in wall); 

and 9) capsular invasion. Three or more of the nine criteria 

were indicative of an adrenal cortical carcinoma. The major 

criteria for adrenal cortical carcinomas included high mitotic 

rate, atypical mitoses, and vena cava invasion, whereas two 

or fewer would be more suggestive of the presence of an 

adenoma. Therefore, tumor weight $90 g, tumor size $6 cm, 

confluent necrosis, mitotic rate .5 per 50 high-power fields 

and invasive growth could be useful in the diagnosis of adre-

nal cortical carcinomas. Three or more of the five criteria 

would be indicative of an adrenal cortical carcinoma, one to 

two criteria indicate borderline tumors, and the absence of 

any criteria indicates a benign tumor. All 116 cases met these 

criteria, and 110 cases displayed tumor sizes of 1.5–4.0 cm 

in diameter. Our results are in agreement with those reported 

by Terzolo et al.19

It was reported18 that pediatric ACA patients, ranging in 

age from 4 months to 19 years old (mean 7.6 years; median 

4 years), can have tumors that weigh up to 500 g; however, 

some tumors may weigh as much as 2,413 g. Most carcinomas 

in adults are .100 g, and adrenal cortical carcinomas weigh-

ing ,50 g are extremely uncommon, whereas adenomas 

generally weigh 50 g or less. Most of the cortical adenomas 

in our series were small, with cortical adenomas  ,50 g 

accounting for 96.55% of the cases. Our findings are also in 

accordance with those of the aforementioned studies.

Adrenal cortical neoplasms in pediatric patients are more 

difficult to diagnose and to differentiate from adenomas and 

carcinomas. Wieneke et al12 undertook an outcome-based 

analysis study of 83 adrenal cortical neoplasms to deter-

mine whether adult clinical and histological features could 

be applied to pediatric patients. Only 31% of histologically 

malignant tumors behaved in a clinically malignant fashion. 

Features associated with an increased probability of malig-

nant clinical behavior included tumor weight (.400 g), 

tumor size (.10.5 cm), vena cava invasion, capsular and/or 

vascular invasion, extension into periadrenal soft tissue, 

confluent necrosis, severe nuclear atypia, .15 mitotic 

figures/20 high-power fields and the presence of atypical 

mitotic figures. Vena cava invasion, necrosis, and increased 

mitotic activity (.15 mitotic figures/20 high-power fields) 

independently suggested malignant clinical behavior in 

multivariate analysis.

Functional adult adrenal cortical neoplasms accounted 

for 76.72% (89/116) of the lesions in our cohort, and 80.7% 

(67/83) of the pediatric population had functional lesions. In 

contrast to tumors in the adult population, tumors in children 

were more often hormonally functional, with clinical evi-

dence of virilization, Cushing’s syndrome, mixed endocrine 

syndromes and, rarely, feminization or Conn’s syndrome.12 

Furthermore, feminizing tumors in adults are fatal, which is 

a fate not shared by pediatric patients, although deaths from 

such tumors have been reported in this population. As men-

tioned earlier, virilizing tumors secreting adrenal androgens 

are most common in children, and the reported prevalence is 

20%–30% of all adrenocortical tumors.20,21 Purely feminizing 

tumors are very rare. While a functional tumor can be indica-

tive of poor outcomes in adult patients, the same conclusion 

cannot be extrapolated to the pediatric population.12

Application of immunohistochemistry  
in diagnosis and differential diagnosis
Immunohistochemical determinants that were useful in 

differentiating ACA from carcinoma included melan-A, 

inhibin A and calretinin. These tumors were usually positive 

for melan-A by immunostaining.22 Tartour et al23 noted that 

immunohistochemical studies have demonstrated positive 

immunostaining of CK (AE1/AE3), Vim, CgA, Syn, NSE, 

and S-100 in adrenal cortical tumors to different degrees. 

These adrenal cortical hyperplasia cells were usually posi-

tive for CK by immunostaining in a belt-like distribution; 

however, CK was usually negative in these adrenal cortical 
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carcinomas, and a variable degree of expression in the inten-

sity of CK immunostaining of ACA was observed, indicating 

prompt CK loss during the process of adrenocortical tumor 

carcinogenesis.

CgA only appeared in the cytoplasm of the adrenal 

medulla and pheochromocytoma. Syn and NSE were posi-

tive in adrenal tumor cells with neuroendocrine differentia-

tion, but they were negative in normal adrenal cortex cells. 

CD56 immunohistochemistry is not an adequate marker for 

discriminating between adrenal aldosterone-producing and 

cortisol-producing adenomas.13 In addition, Ki-67 expres-

sion was not detected in the normal adrenal cortex adjacent 

to the neoplasm, and it was weakly positive in some of the 

adenomas. Wachenfeld et al24 reported that a Ki-67 index 

greater than 5% was a good marker for malignancy in adre-

nocortical neoplasms. Szajerka et al25 previously reported that 

the difference in Ki-67 expression by immunohistochemis-

try between adrenocortical carcinomas and adenomas was 

statistically significant (P,0.05), and it provided an objec-

tive criterion for differential diagnosis, with higher Ki-67 

expression in patients with adrenal carcinoma suggesting 

an unfavorable prognosis. There were no differences in the 

expression of Ki-67 among the adult patients with tumors 

diagnosed as cortisol-secreting, aldosterone-secreting, and 

non-functional neoplasms, suggesting that these tumor cells 

might be consistent in their biological behavior, although 

differential endocrine functions exist.

Currently, specific immunohistochemical markers of 

adrenal cortical tumors have not been found. According to 

the melan-A, CK (AE1/AE3), Vim, CgA, Syn, NSE, S-100 

and Ki-67 staining performed in this study, some of the 

biological characteristics of cortical tumors were identified, 

and although we did not make a specific diagnosis of adre-

nocortical tumor, these features could be used to differentiate 

whether a tumor is derived from the adrenal gland (the cortex 

or medulla) or from other parts of the body.

In summary, it is possible to predict the endocrine syn-

drome of functional ACA based on the structure and mor-

phologic features of the tumor. In combination with clinical 

endocrine detection, the diagnosis of a given adenoma can 

be determined with greater accuracy. Immunohistochemical 

staining is an important parameter for the differential diag-

nosis of adenoma and adenocarcinoma of the adrenal cortex. 

Compared with the pediatric population (,20 years old), 

there were different pathologic criteria for adrenal cortical 

neoplasms in the adult population. For example, adult ACAs 

were lighter, generally weighing 50 g or less. Although the 

incidence of non-functioning adenomas tended to increase, 

no significant difference was observed, likely due to the small 

sample size; thus, our ability to draw definitive conclusions 

was limited.
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