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ABSTRACT
Unexpected incidental findings on cross-sectional imaging are becoming more commonplace in today’s medical practice. These are likely
due to ongoing improvements in the resolution of cross-sectional imaging and our increasing use of these tests combined with an aging
population. In the case of the adrenal incidentalomas the majority of these represent benign nonfunctional adenomas and these are
believed to have no malignant potential. On the contrary adrenocortical carcinoma (ACC) is an uncommon malignancy that carries a high
mortality. Current biochemical and radiological follow-up investigations are expensive and are of limited benefit in the majority of cases of
adrenal incidentalomas. This has created a dilemma for the proper diagnostic, clinical and radiologic follow-up as well as the triggers for
surgical intervention. We present a series of three patients presenting with ACC that retrospectively arose from a small incidentally found
adrenal lesion. Three patients were identified with ACC arising from an apparently benign adrenal incidentaloma. The average size of the
original lesion was 1.6 cm whereas the average size of their adrenal tumor was 9.3 cm when they presented with ACC. Two of the three
cases were found to develop functional tumors at the time of the diagnosis of ACC. Two of the three cases underwent surgical resection.
The third patient was found to have metastatic disease at presentation and declined surgical intervention. We agree that current follow-up
guidelines result in an increasing burden on our healthcare system; with expensive biochemical testing and imaging for what in most cases
will prove to be a benign adenoma, these three cases have influenced our current strategies for follow-up. At the present time, we continue
to follow the AAES/AACE guidelines. The development of improved methods of biochemical, radiologic and tissue diagnosis may help to
improve our ability to recognize an ACC in this population at an earlier and potentially curable stage.
Keywords: Adrenal incidentaloma, Adrenocortical carcinoma, Diagnosis, Treatment, Follow-up.

INTRODUCTION
With ongoing improvements in the resolution of current radiologic
modalities, adrenal incidentalomas are being diagnosed with
increasing frequency. Current studies suggest incidental lesions
of the adrenal gland are discovered in 5 to 10% of abdominal CT
scans.1-5 Incidental masses of the adrenal gland also appear to be
more frequent in older populations.6,7 With both an aging
population and the increasing use of cross-sectional imaging,
adrenal incidentalomas represent a significant health issue. The
practice of long-term radiologic and clinical follow-up is too
expensive and of questionable benefit in the majority of cases.8
While the majority of these lesions are benign and nonfunctional
it has been reported that 16 to 47% develop endocrine
functionality6,9 and 4.7 to 10% of cases may ultimately prove to
be malignant tumors of the adrenal gland.10 This has created a

dilemma for the proper diagnostic, clinical and radiologic followup as well as the triggers for surgical intervention.
Histopathologically, the majority of adrenal incidentalomas
are benign nonfunctional adenomas and believed to have
essentially no malignant potential. 1 On the contrary,
adrenocortical carcinoma (ACC) is an uncommon malignancy
that carries a high mortality. The majority of patients with these
tumors present late with advanced disease. As a result, the
overall 5-year survival for ACC is poor.11,12 The discovery of
an ACC at the time of adrenalectomy for incidentaloma has
been associated with a much more favorable prognosis than
those cancers that are discovered clinically.11 Since complete
surgical resection offers the only chance for cure, intervening
early, on smaller tumors increases the likelihood of a potentially
curative R0 resection.
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The task of appropriately investigating and managing
patients with adrenal incidentalomas in an era of increasing
healthcare costs represents a considerable challenge. In the
instance of ACC constant surveillance may permit intervention
at an early stage and favorably affect patient survival. However,
the correct radiologic follow-up that appropriately balances
quality of care and patient outcome with costs of intervention,
radiation exposure and the risk of unnecessary surgery continues
to be debated.7,8,13 We present here a series of three patients
presenting with ACC that retrospectively arose from a small
incidentally found adrenal lesion as well as a review of the
current literature (Table 1).

depth of 3 mm. There was no evidence of lymph node metastasis
or perineural invasion. The tumor was noted to have a high
mitotic index (100 mitoses/50 HPF with atypical mitosis) and
evidence for extensive necrosis. There was evidence for venous
extension into the vena cava with a microscopically positive
margin on the IVC. The patient’s postoperative course was
uneventful. Given her positive margin she was placed on
mitotane postoperatively. She has subsequently recurred at the
tumor bed within 6 months following her surgery. At the present
time consideration for additional chemotherapeutic options is
being discussed with the patient.

CASE REPORTS

Case 2

Case 1

A 48-year-old female was being investigated for recurrent
hyperparathyroidism after undergoing a four gland parathyroid
exploration at the age of 31 years. Selective venous sampling
for PTH was required since anatomical and functional imaging
failed to localize any parathyroid disease in her neck. While
undergoing fluoroscopy during her selective venous sampling
she was noted to have a suspicious appearing mass in the upper
lobe of her right lung. A CT scan of her chest and abdomen
was done the following week supported the diagnosis of
pneumonia in the right upper lobe of the lung. However, a 7 cm
inhomogeneous mass in her left adrenal gland was noted
(Figs 2A and B). Retrospective review of her previous imaging
demonstrated an unreported small less than 1 cm homogeneous
lesion of her left adrenal gland that was present on a CT scan
done 11 months prior when she presented with a history
consistent with renal colic. Although, she did not have overt
manifestations of Cushing’s syndrome, biochemical assessment
demonstrated an elevated 24-hour urinary cortisol (439 μmol).
The rest of her biochemical screening, including 24-hour urinary
metanephrines and D-HEAS, were normal.
She underwent an open left adrenalectomy with en bloc
nephrectomy. Pathologic assessment revealed an 11 cm ACC.
She had clear surgical margins without evidence of extracapsular extension but was noted to have nuclear atypia, high
mitotic range (13 mitoses/hpf) and evidence of venous
invasion. She was placed on adjuvant mitotane therapy
postoperatively. During follow-up she developed disease
progression after presenting with recurrent clinical and
biochemical Cushing’s syndrome and was subsequently
found to have metastatic disease in both her spine and lungs.
She was placed on a palliative chemotherapy regimen of
etoposide, doxorubicin, cisplatin and mitotane. She died 3
months later.

A 33-year-old woman underwent enhanced CT scan of the
abdomen in a work-up for vague abdominal pain. She was not
found to have any abnormalities on this examination apart from
a small (9 mm) hypoattenuating tumor to her right adrenal gland,
the imaging characteristics of which appeared benign. This was
further investigated with an MRI, which also confirmed a small
1.4 cm benign appearing lesion of the right adrenal gland.
With the remaining investigations all negative, she was given
the diagnosis of irritable bowel syndrome. Her pain, however,
persisted over the next 6 months which prompted a visit to a
local emergency department and repeat imaging. At this time,
the CT scan revealed a 9 cm enhancing mass that appeared to
invade the inferior vena cava (IVC) (Figs 1A and B). Her
24-hour urinary metanephrines, 24-hour urinary cortisol, DHEAS and aldosterone/renin ratio were all normal. A
subsequent MRI demonstrated a 3.7 cm tumor thrombus
extending into the IVC to just below the take off of the middle
hepatic and right hepatic veins. The patient was noted to have a
lesion in the liver consistent with a hemangioma. There was no
evidence for metastatic disease apart from a 6 mm lesion in the
right lung which was shown to be negative on FDG-PET scan.
The patient underwent surgical resection by a surgical team,
including members from endocrine, hepatobiliary and vascular
surgery. Intraoperatively, the tumor was noted to locally invade
the diaphragm and the tumor thrombus was noted to extend
above the diaphragm approaching the right atrium. The tumor
was taken en bloc with the right kidney as well as a piece of the
right hemidiaphragm and a partial segment (1/3 circumference)
of the adjacent IVC. The tumor thrombus was extracted from
below the diaphragm.
Final pathology revealed a high-grade T4 ACC with
evidence for extraadrenal extension into the right kidney to a

Table 1: Series of three patients found to have ACC arising from an incidentally found benign appearing lesion of the adrenal gland
Case

1
2
3

Patient age

33 years
48 years
78 years

Sex

Initial
incidentaloma
size (cm)

Functional
screen at time
of initial imaging

Interval
(months)

ACC size at
presentation
(cm)

F
F
F

0.9
1
2.8

No
Yes
No

6
11
70

9
7
12

Functional

No
Cortisol
Cortisol/androgen
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Case 3
A 77-year-old female presented with a 6-month history of
progressive hirsutism and florid manifestations Cushing’s
syndrome. Her chief complaint at presentation was worsening
proximal muscle weakness over the preceding 6 months.
She was noted to have markedly elevated 24-urine cortisol (681
nmol) and a suppressed ACTH (1.8 pmol/L). Furthermore, she
had an elevated free androgen index of 15.1nmol/l and an
elevated serum testosterone of 5.9 nmol/l. CT scan and MRI

were done at this time demonstrated a large heterogeneous
appearing mass measuring 12 cm in diameter with invasion
into the liver and evidence of extension into the IVC (Figs 3A
and B). CT of her chest demonstrated several nodules in her
lungs bilaterally as well as mediastinal lymphadenopathy. These
were found to be metabolically active on FDG-PET imaging
consistent with metastatic disease. Retrospectively this patient
was known to have an incidental lesion of the right adrenal
gland on a CT scan done 6 years prior while undergoing

A

B
Figs 1A and B: Imaging findings of patient no. 1 at the time of her initial presentation with an
incidentally found lesion of her right adrenal gland which was later noted to develop into an ACC.
(A) T2- weighted MRI of an incidental lesion (1 cm) of the right adrenal gland, (B) enhanced CT
tomogram demonstrating a large heterogeneous 9 cm mass of the right adrenal gland 9 months
later. The tumor was shown to have tumor thrombus extending into the IVC. Final pathology
demonstrated this to be a high grade ACC

A

B

Figs 2A and B: Imaging findings of patient no. 2. A 48-year-old female with a history of recurrent
hyperparathyroidism was found to have an inhomogeneous mass arising from her left adrenal
gland during work-up for an apparent chest mass seen on fluoroscopy at the time of her selective
venous sampling. (A) An nonenhanced CT scan done for work-up of renal colic demonstrating a
benign appearing incidental lesion of the left adrenal gland arrow. (B) An enhanced CT scan
done 11 months later demonstrating a large mass arising from the left adrenal gland, this was
later demonstrated to be ACC
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investigations for complicated pyelonephritis. At that time, the
CT scan revealed a 2.8 cm hypoattenuating, well-circumscribed
homogenous lesion of her right adrenal gland. Biochemical
investigations were normal and a follow-up CT scan 6 months
later demonstrated a decrease in the size of the lesion (2.5 cm).
The patient was told no further investigations were required
given the obvious nonfunctioning, benign nature of this
incidentally found lesion. Given the patient’s age, her medical
comorbidities and evidence of extensive metastatic disease at
this time, the decision was made to proceed with medical
palliation.
DISCUSSION
Three factors have contributed to a steady increase in the
prevalence of incidentally discovered lesions of the adrenal
gland: (1) Our increasing reliance on diagnostic imaging;
(2) the increasing resolving power of these investigations;
and (3) a progressively aging population.3,14-17 Recent series
cite the prevalence of incidental lesions of the adrenal gland at
5% of abdominal CT scans done for other reasons.14 This is
approximately double the rate at which these lesions were
detected in older series.2,4,18,19 Adrenal lesions also appear to
be more common in older patients and may be as frequent as
7% in patients > 70 years of age.17 Autopsy series cite the rate
of incidental lesions of the adrenal gland as high as 8.7%.6 More
recent radiologic series are approaching this figure and have
identified that these lesions are likely underreported.14,21
Currently, decision-making algorithms regarding proper
management for incidentalomas are based on imaging
characteristics and tests for biochemical functionality. The
American Association of Endocrine Surgery (AAES) and
American Association of Clinical Endocrinology (AACE) have
recently published guidelines on the work-up and evaluation of
adrenal incidentalomas13 (Table 2). These guidelines have been
shown to be reasonably accurate in appropriately assigning a
diagnosis.20 These guidelines suggest that all incidentally found
adrenal lesions should be screened for biochemical functionality

A

at the time of diagnosis and then annually for up to 5 years.13
This most commonly includes a low-dose dexamethasone
suppression test and urinary or plasma metanephrines.
Determination of the aldosterone/renin ratio can be done in
hypertensive patients, while screening for sex hormone secretion
is reserved for patients with obvious clinical signs. Lesion size
and attenuation values are the two most important characteristics
in determining the likelihood that a lesion is benign. The risk
of malignancy in lesions less than 4 cm is extremely low
(< 4%), whereas the risk of malignancy increases dramatically
to approximately 25% with lesions greater than 6 cm. Small
lesions (< 4 cm) with attenuation values less than 10 HU likely
represent benign adrenocortical adenomas.22 It is currently
recommended that tumors greater than 4 cm in size or those
showing growth over follow-up should be considered for
resection.9,22 Current recommendations suggest that those
lesions that do not fill the criteria for surgical resection should
be followed radiographically with repeat cross- sectional
imaging at 3 to 6 months and 1 to 2 years.13 Further, advances
in imaging techniques MRI phase-shift characteristics and CT
washout analysis have allowed for better characterization of
equivocal cases.5,23 In a recent radiologic series imaging
characterization provided a specific diagnosis in 87% of all
adrenal masses and the diagnosis could be made at the initial
CT in 62% of cases.24
In an era that has seen the provision of high-quality medical
care become increasingly more expensive the routine practice
of long-term radiologic and endocrine biochemical follow-up
has been called into question.8 In one study, biochemical
screening of even 1 cm adrenal incidentalomas appears to be
more cost-effective than clinical follow-up.25 For this reason
routine radiologic and biochemical follow-up of incidentalomas
is what most published guidelines currently recommend26
(Table 2). However, in this recent review of adrenal
incidentalomas, Cawood et al called into question the value of
the current guidelines.8 The authors felt that guidelines relied
heavily on surgical and pathologic series that because of their

B

Figs 3A and B: Imaging findings of patient no. 3 who was found to have ACC after presenting with clinically
progressive weakness, hirsutism and features of Cushing’s syndrome. A CT scan done 6 years prior demonstrated
a benign appearing lesion of the right adrenal gland. (A) Enhanced CT scan done at 6 months follow-up of
incidentally found lesion of the right adrenal gland, (B) an enhanced CT scan done 6 years later when patient
presented with Cushing’s syndrome. At this time, a heterogeneous mass arising from the right adrenal gland
was noted along with evidence of metastatic disease in the chest
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Initial evaluation: Unenhanced CT scan +/– chemical
shift MRI (CS-MRI), if suspicious imaging features CT
washout analysis may be helpful in better characterizing
indeterminate lesions.
• If previous history of cancer and imaging nondiagnostic
may need repeat CT, CS-MRI, CT/PET.
• If nondiagnositc consideration should be given for
percutaneous biopsy.
Follow-up: Lesions > 1 cm with diagnostic imaging
characteristics of myelipoma, lipid rich adenoma,
cyst can be assigned diagnosis and require no further
radiologic follow-up. Patients with no history of cancer
and benign imaging features require 12 months follow-up,
unenhanced CT or CS-MR lesions less than 4 cm and
imaging features stable over > 1 year are likely
benign and do not need further follow-up imaging.

Initial evaluation: Nonenhanced CT benign features:
< 4 cm in size, homogeneous, regular borders, < 10 HU.
CT contrast washout study for lesions with attenuation
values > 10 HU.
Follow-up: Benign appearing by above criteria and
nonfunctional lesions require repeat CT scan in
3-6 months and annually for 1-2 years.
No guidelines for radiologic follow-up beyond 5 years.
Initial evaluation: Tumors < 4 cm monitored with follow-up
imaging.
Follow-up: Lesions that remain stable on two consecutive
imaging studies separated by at least 6 months and
remain nonfunctioning may not require further evaluation.

Imaging
Initial evaluation: Overnight 1 mg
dexamethasone suppression test,
plasm or urinary metanephrines,
hypertensive patients should be
screened for hyperaldosteronism
with renin/aldosterone ratio.
Follow-up: Biochemical F/U should
be repeated annually up to 5 years.
Initial evaluation: All patients
should have overnight 1 mg
dexamethasone suppression test
and screen for pheochromocytoma
with either plasma or urinary
metanephrines patients with
hypertension should also be
screened for hyperaldosteronism
with renin/aldosterone ratio.
Follow-up: Annual biochemical
surveillance for 4 years. No
further follow-up, if nonfunctional
beyond 4 years.
Initial evaluation: Recommend
biochemical evaluation only, if
clinically concerned adrenal lesion
is hormonally active.
Follow-up: No recommendations
given for further biochemical
follow-up.

Biochemical
evaluation

Initial evaluation: Any incidental
lesion > 4 cm without definitive
imaging characteristics of benignity
should be considered for resection

Follow-up: Lesions increasing in
size.

Initial evaluation: Suspicious
imaging features at initial
evaluation (size > 4 cm,
high attenuation values)
Hormonally active lesions.
Follow-up: Change in size > 1 cm
and/or development of hormonal
functionality.
Initial evaluation: Tumors > 6 cm,
tumors 4-6 cm in size with
suspicious imaging features,
any clinically apparent
hyperfunctioning lesion and any
suspected pheochromocytoma
should be resected.

Triggers for
adrenalectomy

No recommendations
given.

Laparoscopic and open
surgical approaches to
adrenalectomy are
acceptable. Choice
depends on available
expertise, concern
regarding possibility of
adrenal cortical carcinoma
and available resources.

Laparoscopic
adrenalectomy should
be considered in all
cases unless suspicion
of adrenal cortical
carcinoma.

Operative
management

1. Zeiger MA, et al. The American Association of Clinical Endocrinologists and American Association of Endocrine Surgeons. Medical guidelines for the management of adrenal incidentalomas. Endocr Pract 15
Suppl 1, 2009;1-20.
2. NIH state-of-the-science statement on management of the clinically inapparent adrenal mass (incidentaloma). NIH Consens State Sci Statements 2002;19:1-25.
3. Berland LL, et al. Managing incidental findings on abdominal CT: White paper of the ACR incidental findings committee. J Am Coll Radiol 2010;7:754-73.

2010

2009

AACE/AAES1

ACR incidental
findings
committee3

Year

Guideline
source

Table 2: The current guidelines for diagnosis, follow-up and management of adrenal incidentalomas
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inherent bias tend to overestimate the risk of malignancy. When
a more broad range of patients was considered the authors noted
that most cases of adrenal incidentalomas represent benign
lesions and the risk of ACC in small benign appearing lesions
is extremely low. They went on to conclude that the chance of
detecting an ACC during CT follow-up of benign appearing
incidentalomas less than 4 cm in size was similar to the chance
of inducing fatal cancer from added radiation exposure.8 Most
prospective studies are heterogeneous with respect to the length
of follow-up and many lack sufficient numbers to capture the
occurrence of an ACC amongst patients followed for a ‘true’
adrenal incidentaloma. Surgical and oncological series introduce
bias and as such likely overestimate the true prevalence of
malignancy in adrenal incidentalomas. Thus, the natural history
of ACCs occurring in incidentally discovered adrenal lesions
is uncertain.11 Most radiologic series are limited by their lack
of clinical and histopathologic confirmation of diagnosis1 so it
remains unclear whether those patients developing ACC
represent development of malignant phenotype during followup or whether a malignancy was present at the outset of
investigation.
Pathologic diagnosis of ACC remains difficult and is
typically made following surgical resection. There is currently
little role for image-guided biopsy of adrenal incidentaloma.27
Adrenal biopsy is often unable to differentiate benign from
malignant adrenal cortical lesions and often has low yield for
obtaining sufficient tissue to alter therapy. This diagnostic
modality is typically reserved for patients with a previous history
of cancer to rule out metastatic disease or when adrenal
lymphoma is suspected.28 Recent reports highlight the potential
of various biologic markers in differentiating benign adrenal
lesions from malignancy. IGF-2 is highly expressed in ACCs
and its corresponding MiRNA (mi-483-5p) is also highly
expressed in ACC specimens.29 Furthermore, IGF-2 and
Mi-483-5p may play a role in carcinogenesis and represents a
potential therapeutic target. Differential MiRNA expression has
also been demonstrated in other cancers.30,31 RNA transcriptome
work has also been demonstrated to help delineate ACCs that
are particularly aggressive.32,33 These techniques may represent
a means to better characterize indeterminate incidentalomas
assist in prognostication of resected tumors and may be helpful
in accurately staging patients with ACC.
An incidentally discovered adrenal lesion raises the
possibility of a primary adrenal cancer. Although ACC is a rare
malignancy with a prevalence of 1 to 2 cases per million,
it portends a poor prognosis and is responsible for ~ 0.2% of
all cancer deaths per year.11,31,34 The majority of cases are
diagnosed late when patients present with symptoms related to
large mass that is subsequently characterized by cross-sectional
imaging. 39 For these reasons, numerous guidelines for
follow-up have been proposed8,6,13,18,22,35 (Table 2). The three
cases reported here illustrate the challenges of such guidelines.
All three cases had benign appearing lesions on CT scanning.
In cases 1 and 2 the initial adrenal lesions were so ‘innocent’
appearing that no biochemical workup or follow-up of the lesion
was recommended. Serendipity resulted in anatomical imaging

within that year that demonstrated the aggressive and rapid
growth of the initial lesions. Case 3 followed guidelines that
deemed the lesion to be nonfunctioning and on repeat imaging
decreasing in size. Clearly this ACC progressed over the course
of the following 6 years. In all three cases one cannot help but
wonder if surgical intervention done on the initial lesion, would
have prevented the development of metastatic ACC. Yet, the
size of the lesions in cases 1 and 2 would hardly warrant surgical
intervention based on size criteria alone.
CONCLUSION
The diagnosis work-up and management of patients presenting
with an adrenal incidentaloma continues to represent a
challenging scenario. The series of patients we present here
also highlights the inherent heterogeneity of this group of
patients. Although incidentally identified lesions of the adrenal
are most commonly benign, they have the potential to represent
a rare malignancy associated with a high mortality. Current
screening tests are limited by the trade-off between being
sensitive enough to detect the rare occurrence of lethal
malignancy with the potential morbidity of recommending
unneeded surgery in patients with benign disease. Added to
that is the risk of cancer development with increased radiation
exposure on follow-up imaging. In this day and age of the need
to control health care cost and limit unnecessary radiation
exposure, some authors have proposed that no further testing
of small nonfunctioning incidentalomas is required.8 Although
we agree that current follow-up guidelines result in an increasing
burden on our healthcare system; with expensive biochemical
testing and imaging for what in most cases will prove to be a
benign adenoma, these three cases have influenced our current
strategies for follow-up. At the present time we continue to
follow the AAES/AACE guidelines. The development of
improved methods of biochemical, radiologic and tissue
diagnosis may help improve our ability to recognize an ACC in
this patient population at an earlier potentially curable stage.
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