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Abstract
Incidental adrenal masses are common, with most representing benign, nonfunctional cortical adenomas. The diagnostic approach should
consist of a biochemical evaluation for hormonal hypersecretion, as well as an assessment of the risk of malignancy (primary adrenal cancer
vs metastasis from another site). The size and appearance of the adrenal tumor on imaging studies are critical to management decisions.
Computed tomography (CT) or T1 weighted chemical shift magnetic resonance imaging (MRI) can usually diagnose a cortical adenoma
based on characteristics related to intracellular lipid content. However, 30% of cortical adenomas are lipid-poor, and will be classified as
indeterminate on CT or MRI. Fluorodeoxyglucose-positron emission tomography (FDG-PET) is a useful method of further characterizing an
indeterminate adrenal mass, particularly in an oncology patient in whom identification of an adrenal metastasis will affect disease stage and
therapy. FDG-PET has been found to have a sensitivity of 93 to 100% and a specificity of 70 to 100% for the identification of an adrenal
malignancy in both oncology and non-oncology patient populations. Indications for adrenalectomy include all functional adrenal tumors,
known or suspected primary adrenal cancers that appear resectable, adrenal tumors > 4 cm, and isolated adrenal metastases.
Keywords: Adrenal tumor, PET, incidentaloma.

ASSESSMENT OF THE ADRENAL INCIDENTALOMA
Incidentally discovered adrenal tumors are common,
occurring in approximately 4% of patients undergoing an
imaging study for another reason and in up to 8.7% of
autopsy studies.1,2 The differential diagnosis of an adrenal
incidentaloma includes benign or malignant, functional or
nonfunctional, primary adrenal tumors or metastases. Most
incidentalomas are benign, nonfunctional cortical adenomas,
even in patients with a known extraadrenal malignancy.3
Other benign adrenal masses include hemorrhage, cysts,
infectious or inflammatory lesions, myelolipomas,
ganglioneuromas, and angiomyolipomas. Adrenalectomy is
indicated for all functional adrenal tumors and for known
or suspected primary adrenal cancers that appear resectable.
Adrenalectomy is also recommended for nonfunctional
tumors that are larger than 3 to 4 cm, tumors that are growing
in size, or isolated metastases in the setting of adequate
treatment of the primary site.
The evaluation and management of a patient with an
incidentally discovered adrenal tumor requires answering
the following two questions:
1. Is the tumor functional; i.e. does it elaborate hormones
of the adrenal cortex or medulla in an unregulated and
potentially harmful fashion?
2. Could it be cancer?
All adrenal tumors must be evaluated for hormonal
hypersecretion. Biochemical evaluation involves testing for

pheochromocytomas, cortisol-producing tumors, and in a
patient with hypertension, aldosterone-producing tumors.4
Testing for virilizing or feminizing tumors is not routinely
done unless patients have signs or symptoms associated with
excess production of these hormones. The identification of
pheochromocytomas and cortisol-producing tumors is
particularly important since biopsy or manipulation of an
unsuspected pheochromocytoma may lead to hemodynamic
instability and death.5,6 Resection of an unrecognized
cortisol-secreting tumor may lead to a potentially fatal
postoperative Addisonian crisis. Adrenal tumors that
elaborate virilizing or feminizing hormones or multiple
hormones are more likely to be malignant.
In addition to the number and type of hormones
elaborated, the risk of malignancy is also based on tumor
size, imaging characteristics, and whether the patient has a
known extraadrenal malignancy. Features suggestive of
malignancy include margin irregularity, invasion into
adjacent organs or blood vessels, local or regional
lymphadenopathy, growth over time, lesion heterogeneity,
and hemorrhage or necrosis. 7 In addition, other
characteristics specific to particular imaging modalities have
been described, and are discussed in detail below. The
identification of an adrenal metastasis in an oncology patient
is particularly important because it usually affects the disease
stage and therapy. Tumors that most commonly metastasize
to the adrenal gland are lung cancer, melanoma, and breast
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cancer.8,9 While most adrenal tumors can be diagnosed based
on routine biochemical work-up and computed tomography
(CT) or magnetic resonance imaging (MRI), additional
imaging, testing, or surgery is sometimes necessary to
definitively characterize the lesion. This paper will review
the features of standard cross-sectional imaging and discuss
the utility of positron emission tomography (PET) scanning
for adrenal neoplasms.
CROSS-SECTIONAL IMAGING
CT and MRI are both used to evaluate adrenal lesions based
on their water and lipid content. CT is the most common
initial imaging test used to evaluate an adrenal tumor, and
is the most common study on which adrenal incidentalomas
are discovered. Benign cortical adenomas have low
Hounsfield unit (HU) values on noncontrast CT due to their
high intracellular lipid content. Different threshold values
of HU have been evaluated in various studies, with lower
threshold values having higher specificity but lower
sensitivity for the identification of a benign lesion, and
higher threshold values having higher sensitivity but lower
specificity. A large, pooled analysis of 10 studies evaluating
a total of 495 adrenal lesions found a threshold value of 10
HU to have 98% specificity and 71% sensitivity for the
identification of a benign adrenal lesion, and is in common
use at the present time.10 The reason for the relatively low
sensitivity of this criterion is that approximately 30% of all
adrenal adenomas are lipid-poor, and thus will have HU
>10 on noncontrast CT. 11 Lesions that have >10 HU
measured on noncontrast CT are considered indeterminate
and require further investigation.
Researchers have sought to improve the diagnostic
capability of CT by observing the enhancement pattern of an
adrenal tumor to intravenous contrast, and measuring the
percent washout of the contrast. Different studies have looked
at different criteria, but, in general, greater than 50 to 60%
washout of contrast at 5 to 15 minutes after enhancement is
predictive of a benign adenoma with a sensitivity of 88 to
100% and specificity of 92 to 100%.12-15 Of note, such a
delayed contrast-enhanced technique is not routinely done
for the scan on which an adrenal tumor is incidentally
discovered. However, this type of scan can sometimes identify
a lipid-poor adenoma, since the washout features of cortical
adenomas seem to be independent of lipid content and lipidpoor adenomas demonstrate the same washout pattern as lipidrich adenomas.14
MRI is also frequently used to evaluate adrenal tumors.
The technique of T1-weighted chemical shift MRI, also
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known as opposed phase imaging, has been found to be the
most useful, and detects intracellular lipid by comparing
in-phase and out-of-phase spin-echo or gradient-echo
sequences. The high lipid content of benign cortical
adenomas causes signal loss on chemical shift MRI.16
Rarely, adrenocortical carcinomas, or metastases from
liposarcoma, hepatocellular carcinoma, or renal cell
carcinoma may also exhibit this pattern.23 Both qualitative
and quantitative methods have been used to describe the
degree of signal loss on the out-of-phase images. These
include comparing the signal loss of the adrenal mass with
the signal loss of the spleen, liver, or muscle, and calculating
a signal intensity index using the formula [Signal intensity
(in-phase) – Signal intensity (out-of-phase)]/[Signal intensity
(in-phase)] × 100%.17-19 Multiple studies have been done
evaluating both qualitative and quantitative methods, with
both methods yielding acceptable results for the
identification of a benign cortical adenoma.19,20
PET SCANNING
When cross-sectional imaging is indeterminate for the
characterization of an adrenal tumor, fluorodeoxyglucose
positron emission tomography (FDG-PET) may yield
additional useful information. PET scanning, which is
widely used in the field of oncology, has been studied for
its usefulness in characterizing an indeterminate adrenal
tumor as either benign or malignant based on its glucose
metabolism. The chief advantage of PET is that it provides
a noninvasive option for the evaluation of these tumors as
well as the entire body for metastatic disease. Patients with
widespread metastatic disease are generally treated with
systemic therapy, whereas patients with a solitary adrenal
metastasis may be candidates for adrenalectomy. Figures
1A to C show a CT scan, PET scan, and pathologic specimen
of a patient who underwent laparoscopic left adrenalectomy
for a solitary melanoma metastasis.
A variety of isotopes have been used for PET scanning;
18
F-fluorodeoxyglucose (18F-FDG) is the isotope most
commonly used for the evaluation of the indeterminate
adrenal tumor. PET scanning using FDG is based on the
premise that malignant lesions have increased glucose
metabolism. A fasting patient is injected with FDG and
images are acquired about 1 hour later. More recently, PET/
CT scanners have been used to correlate the functional
imaging information obtained from the PET scan with a
precise anatomic location identified by CT, and fused images
are possible.
Both qualitative and quantitative methods have been
used to define a PET positive adrenal tumor, and the optimal
approach is still under debate. Qualitative methods are based
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Figs 1A to C: (A) Computed tomography (B) 18F-fluorodeoxyglucose
positron emission tomography (C) Pathologic specimen from a 69 year
old woman with a history of an extremity melanoma resected 12 years
prior who underwent laparoscopic left adrenalectomy for an isolated
melanoma metastasis

on a visual assessment of the FDG uptake of the tumor
compared to either background or an adjacent organ, most
commonly the liver. Quantitative methods depend on
defining a region of interest (ROI) and measuring a

standardized uptake value (SUV) or calculating a
standardized uptake ratio. Critics of quantitative methods
contend that SUV measurements are variable due to the
placement, size, and shape of the ROIs, partial volume
effects, and other factors including patient body habitus,
plasma glucose concentration, image noise, and image
reconstruction methods.21,22 Different studies have used
different methods for defining an adrenal tumor as PET
positive, making comparisons between studies difficult
(Table 1).
Qualitative assessment of FDG uptake is straightforward,
and involves a visual assessment of the FDG uptake in the
adrenal tumor as less than, equal to, or greater than liver or
background. Some studies use the criterion of adrenal uptake
either equal to or greater than liver to define a PET positive
adrenal tumor,23 while other studies use the more restrictive
criterion of adrenal uptake greater than liver.24-26 This can
be further expanded to express moderately or markedly
increased uptake.25,26 The sensitivity and specificity of this
approach is similar regardless of whether the patient has a
known extraadrenal malignancy or not, and ranges from 86
to 100% and 75 to 100%, respectively (Table 1).8,23-27
Quantitative assessment of FDG uptake involves
measuring either a mean or maximal SUV from a region of
interest drawn over the lesion, or calculating a standardized
uptake ratio (SUR). Studies evaluating threshold SUVs for
the distinction of a benign from a malignant adrenal tumor
usually generate receiver operating characteristic (ROC)
curves to identify the threshold values with the best
sensitivity and specificity; thus, these threshold SUVs vary
from study to study.23,25,26 In addition to evaluating the
absolute value of the SUV of an adrenal tumor, a ratio can
be calculated between the adrenal SUV and liver SUV. A
SUR of >1 was found to have 100% sensitivity and 97%
specificity for the identification of a malignant adrenal tumor
in patients with a known extraadrenal malignancy in one
large study evaluating 165 adrenal tumors,25 while a SUR
of 1.45 was deemed as the appropriate cutoff in another
study evaluating patients with no prior history of cancer.28
Interestingly, while this ratio is quantitative, the comparison
of adrenal to liver SUV is reminiscent of the qualitative
comparison of FDG uptake in these organs by visual
assessment. Overall, quantitative methods in both oncology
patients and those without a prior history of cancer yield
similar sensitivities of 95 to 100% and specificities of 70 to
100% for the characterization of an adrenal mass as
malignant (Table 1).8,11,24-26,28
Regardless of whether a qualitative or quantitative
method is used to characterize adrenal masses on PET scan,
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Table 1: Results of large series of adrenal tumors evaluated by 18F-fluorodeoxyglucose positron emission tomography (18F-FDG PET)

Reference

Patient
population

N

Benign

Malignant Qualitative*
vs quantitative
analysis

Definition of
PET positive

Sensitivity

Specificity

Yun 200123

Oncology

50

32

18

Qualitative

100%

94%

Jana 200624

Oncology

80

50

30

Qualitative

Adrenal uptake
equal to or greater
than liver
Adrenal uptake
greater than liver
SUVmax >3.4
SUVavg >3.1
SUV >3.1

93%

96%

95%
95%
98.5%

86%
90%
92%

100%

97%

100%

94%

Ratio of adrenal
to liver SUV >1

100%

97%

Adrenal uptake
markedly greater
than liver
Ratio of adrenal
to liver SUV >1.8

86%

75%

100%

100%

SUVmax >3.4

100%

70%

Ratio of adrenal to
liver SUV > 1.45

100%

88%

Adrenal uptake
greater than
background
Adrenal uptake
equal to or greater
than liver
No cutoff
specified

100%

100%

94%

83%

Metser 200611
Boland 200925

Tessonnier
200826

Groussin
200928

Maurea 200127

Han 20078

Oncology
(all but 8)
Oncology

No prior history
of cancer

No prior history
of cancer

Mixed oncology
and non-oncology
population
Mixed oncology
and non-oncology
population

175

107

68

165

139

26

SUVmax†
SUVavg ‡
SUV of adrenal
tumor
Qualitative

12

Average of 2
SUVmax of
adrenal tumor
Adrenal SUVmax
compared to
liver SUVmax
Qualitative

22

Adrenal SUVmax
compared to
liver SUVmax
SUVmax

41

77¶

29

43

54

36

18

Adrenal SUVmax
compared to
liver SUVmax
Qualitative

105

41

64

Qualitative

SUVmax

Adrenal uptake
greater than liver
Adrenal
SUV >2.31

*Qualitative analysis: adrenal uptake of 18F-FDG visually compared to liver or background uptake
† Maximum standardized uptake value (SUV) of the adrenal tumor
‡ Average SUV of the adrenal tumor
¶ 12 tumors were nonadrenocortical lesions and not included in the final analysis

it appears to be useful, and appears to improve the diagnostic
accuracy over CT alone. By combining the noncontrast CT
data with the PET data, the sensitivity and specificity for
the diagnosis of a malignant adrenal mass in a patient with
a known extraadrenal malignancy increases to 100% and
98 and 99%, respectively.11,25
As with any test, there will be false positive and false
negative results when using PET scanning to evaluate an
adrenal tumor for malignancy (Table 2). The most common
benign adrenal tumor that can be PET positive is a
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pheochromocytoma.23,29 Other benign adrenal masses that
can be PET positive include some adrenal adenomas (both
functional and nonfunctional), adrenal hemorrhage,
inflammatory lesions, infectious lesions, oncocytomas, and
myelolipomas with hypermetabolic adenomatous and
hematopoietic elements.8,25,30-34
Causes of false negative PET results, i.e. malignant
tumors that are incorrectly classified as benign, include small
tumors and necrotic tumors, as well as non-FDG avid
metastases such as those from renal cell carcinoma or
JAYPEE
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Table 2: Causes of false positive and false negative 18F-fluorodeoxyglucose positron emission tomography (18F-FDG PET) scan results in
the evaluation of an adrenal mass for malignancy

Causes of false positive adrenal masses on PET (benign lesions that take up 18F-FDG):
• Pheochromocytomas
• Some adenomas, particularly those that are functional
• Adrenocortical oncocytomas
• Adrenal hemorrhage
• Myelolipomas with hypermetabolic adenomatous and hematopoietic elements
• Inflammatory lesions
• Infectious lesions
Causes of false negative adrenal masses on PET (malignant lesions that show less intense 18F-FDG uptake than most malignant lesions):
• Small tumors
• Necrotic tumors
• Metastases from neuroendocrine tumors
• Metastases from renal cell carcinoma

CONCLUSION

Fig. 2: Algorithm for the evaluation of an incidentally discovered adrenal
tumor incorporating 18 F-fluorodeoxyglucose positron emission
tomography (PET)

neuroendocrine tumors.11,23,35 Small tumors are thought to
be at risk for underestimation of the calculated SUV due to
partial volume effects, thus leading to false negative
results.35

In summary, PET scanning with FDG is a useful adjunct to
the noninvasive evaluation of a patient with an incidentally
discovered adrenal tumor. In Figure 2 we propose an
algorithm for the evaluation of adrenal incidentaloma. The
initial evaluation begins with biochemical testing and noncontrast CT. Patients with functional tumors, or overt or
suspected adrenal malignancy should be referred for surgical
resection. If the adrenal tumor is nonfunctional and
indeterminate (noncontrast HU >10), then the next step
depends on whether the patient has a known extraadrenal
malignancy. In oncology patients, an FDG-PET scan is a
reasonable next step, with the advantages of providing a
noninvasive option for these patients with the ability to
image the entire body and identify potential other sites of
metastatic disease. In a patient with no prior history of
cancer, the management of the adrenal tumor depends on
its size and imaging characteristics; recent clinical practice
guidelines advocate adrenalectomy for tumors > 4 cm.4
Tumors < 4 cm should be evaluated by MRI or delayed
enhanced CT with measurement of percent washout of IV
contrast. These techniques may be able to identify a lipidpoor cortical adenoma. If these tests are nondiagnostic, the
next step should be tailored to physician and patient
preference, and can include FDG-PET, short (3 months)
interval follow-up CT or MRI, or adrenalectomy. Other than
for diagnosing a metastasis to the adrenal gland, we do not
advocate percutaneous biopsy because the results are rarely
useful and the technique may be associated with substantial
morbidity or mortality in the case of pheochromocytoma.
FDG-PET is a good noninvasive option, and a negative scan
has been shown to be highly suggestive of a benign lesion
with good sensitivity and specificity.
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