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Abstract Adrenocortical carcinoma (ACC) is often diag-
nosed incidentally. However, significant difficulties persist in
diagnosing the rare ACC among the very common benign
adrenal tumors, which are present in up to 5 % of the popula-
tion. Due to the very low prevalence of ACC, prospective
studies are impossible to conduct. Two recent studies took
the approach of reviewing preexisting adrenal tumors prior
to the diagnosis of ACC. These data challenge current con-
cepts of diagnosis and surveillance of incidentally discovered
masses. Oncocytomas (benign and malignant) represent an
entity that can be difficult to be diagnosed by radiographic
characteristics and even histologically. However, some recent
data provides insight into their appearance in imaging proce-
dures. With regards to ACC specific imaging, which could be
applied for differential diagnosis of adrenal tumors, surgery
planning and surveillance several radionucleotides have been
evaluated over the last decades showing promising results. Of
particular interest, these substances can potentially be used for
therapy as well.

Imaging Evaluation of Adrenal Tumors

The management of adrenal tumors is a public health chal-
lenge of growing importance, as these tumors are detected
with increasing frequency in a population that has widespread
access to advanced imaging technology. The prevalence of
incidentally discovered adrenal masses on CT examinations
has been reported to be 0.35–5.0 % [1]. Biochemical testing is
necessary to distinguish between functional and non-
functional adrenal masses. In hormonally non-functioning tu-
mors, it is a major diagnostic challenge to differentiate be-
tween benign and malignant lesions, as the perceived risk of
malignancy defines the necessity of surgical intervention. In
non-oncological patients, adrenocortical carcinoma (ACC) is
thought to be the most frequently observed adrenal malignan-
cy with a prevalence of up to 4–6 % depending on size and
appearance [1]. However, this is likely a significant overesti-
mate as more recent unbiased imaging approaches found a
prevalence of 0–1 % [2, 3]. Currently, tumor size and a low
lipid content of an adrenal mass and the velocity of the wash-
out of contrast medium are probably the best criteria for diag-
nosing ACC. Benign adrenocortical adenomas usually have a
high content of lipids, resulting in a low attenuation coefficient
on unenhanced CT (<10 Hounsfield units (HU)). In a retro-
spective analysis of CT scans from 51 patients with ACC and
25 patients with benign adrenal tumors, the median
unenhanced HU value was 34 (range 14–74) in ACCs. A
cutoff value of 21 HU revealed a sensitivity of 96 % and
specificity 80 %. One hundred percent sensitivity was reached
at a threshold of 13.9 with a specificity of 68 % [4]. On de-
layed contrast-enhanced CT, adenomas typically exhibit rapid
washout of contrast medium, whereas non-adenomatous tu-
mors display delayed washout of contrast material [5, 6].
However, despite these highly useful criteria, a significant
number of adrenal incidentalomas (around 30 % of tumors
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>3 cm) are not reliably characterized by these standard imag-
ing procedures and these tumors are largely considered an
indication for surgery. However, based on histopathology,
the majority of these cases are benign adenomas [7]. Fine-
needle biopsy should be avoided in adrenal incidentalomas,
as it is often non-informative and potentially hazardous with
regards to the diagnosis ACC [8]. Furthermore, several tu-
mors, including carcinomas of the lung, breast, kidney, and
melanoma, frequently metastasize into the adrenal glands and
adrenal metastasis may be the first indication of a yet un-
known malignancy. A recent retrospective analysis assessed
imaging characteristics of adrenal tumors preceding the diag-
nosis of ACC. In this case series, 10 % of tumors demonstrat-
ed initial imaging characteristics in CT or MRI that were sug-
gestive of a benign tumor. Twenty-five percent of tumors were
small lesions <2 cm, and the growth pattern showed high
variability with long-term stability of size over up to 8 years
in single cases [9]. Another study provided comparable re-
sults, even including some tumors arising in patients that
had recent CT scans not showing any adrenal tumor, proving
a rapid de novo growth in some patients [10]. One main con-
clusion from these data is the great variation in time to pro-
gression to the clinical diagnosis of ACC. In addition, the
current recommendations of following at least some
incidentalomas with suspicious features for up to 2 years
might only identify 50 % of ACC. Taken the rarity of ACC
among adrenal incidentalomas, caution needs to be applied.
On a population basis, imaging procedures for the initial dif-
ferential diagnosis and surveillance might incur more harm
(e.g., XRT induced cancers, psychological stress) and costs
than benefit in identifying the rare ACCs. Employing these
potentially risk-baring procedures for determining the further
differential diagnosis of an adrenal tumor should only be con-
ducted in a selected population of patients. While it might
certainly be possible to definitively diagnose the underlying
pathology of every adrenal mass (e.g., in the theoretical setting
of surgery for every patient with an incidentally discovered
adrenal mass), clinical practice and future guidelines need to
apply a thoughtful integration of risks associated with diag-
nostic procedures and potential benefit of curing early stage
ACCs.

Radiographic Characteristics of Oncocytic Adrenal
Lesions

Oncocytic adrenal neoplasms (OANs) are rare tumors whose
imaging characteristics have not been well described and gen-
erally pose a challenge with regardmn to their biological be-
havior. Histologically, oncocytic adrenal neoplasms (OANs)
demonstrate >75 % oncocytes—epithelial cells with abundant
granular eosinophilic cytoplasm. OANs may be benign
(oncocytomas) or malignant. Several imaging features often

used to distinguish benign from malignant adrenal neoplasms
could be applied to oncocytic neoplasms [11]. These include
homogeneity, smaller size, and percentage enhancement
washout characteristics. Benign OANs were often homoge-
neous and lacked calcification or hemorrhage. The mean di-
ameter of the oncocytomas was 3.7 cm (range 2.6–5.3) where-
as the malignant OANs measured greater than 5 cm in diam-
eter. The benign OANs measured >10 HU on unenhanced CT
which is consistent with histologic findings that lipid content
is not a distinguishing characteristic of an OAN. However, the
oncocytomas demonstrated washout characteristics similar to
adenomas showing washouts greater than 60 %. Also of note,
benign OANs were not associated with imaging features of
aggression such as venous invasion, enlarged regional lymph
nodes, or perilesional fat stranding. Malignant OANs and
ACCs also had overlapping CT imaging characteristics, in-
cluding larger size, heterogeneity, and internal necrosis. How-
ever, a larger number of cases are needed to confirm these
conclusions and to better understand these adrenal tumors.

Imaging Techniques for Initial Diagnosis
and Surveillance of ACC

Thus, improved tools for characterizing adrenal masses prior
to surgery are of great clinical interest. Functional imaging
tools may significantly contribute to the diagnostic evaluation
of adrenal masses. In adrenal tumors, 18F-FDG-PETwas first
evaluated in patients with known extraadrenal malignancies.
Qualitative visual evaluation was considered as equally accu-
rate as quantitative evaluation using standardized uptake
values (SUV) for identification of adrenal metastases with a
high specificity but only relatively low sensitivity. However,
Schulkin et al. demonstrated that also pheochromocytomas
frequently show an increased fludeoxyglucose (FDG) uptake
on PET [12]. Furthermore, malignant adrenal lesions that may
produce false-negative PET results have also been reported in
patients with adrenal metastases, e.g., secondary to pulmonary
carcinoid, renal, and alveolar lung carcinoma. In a series of
105 patients with incidental adrenal masses, adrenocortical
carcinomas demonstrated a high FDG uptake, as did the ma-
jority of pheochromocytomas. Furthermore, adrenal metasta-
ses also demonstrated increased FDG activity [13]. In a pro-
spective trial, 81 patients with adrenal masses (size >3 cm,
spontaneous attenuation value >10 HU, heterogeneous aspect,
abnormal MIBG or norcholesterol scan or hormonal hyperse-
cretion) undergoing surgery were investigated. Sixty percent
would have qualified for surgery according to histological and
clinical criteria while 40 % represented benign non-secreting
lesions, mostly adrenocortical adenomas. 18F FDG-PET was
negative in 97 % of non-surgical lesions and positive in 73 %
of potentially surgical ones. Thus, a high FDG uptake was
highly predictive of malignancy [14].
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In known ACC, 18F-FDG PET imaging results may have a
further impact on the management of ACC compared to con-
ventional imaging. In a retrospective analysis of patients with
ACC undergoing 18F-FDG-PET/CT, PET/CT changed the
management plan in 5% at initial staging and 9% at restaging.
No PET/CT parameters were associated with survival at either
initial diagnosis or recurrence [15].

These findings indicate that FDG-PET has good accuracy
to assess the malignant potential of an adrenal lesion without
providing robust information on the origin of the adrenal
mass.

More recently, metomidate derivatives which bind with
high specificity and avidity to CYP11B enzymes of adrenocor-
tical cells have been developed as tracers for adrenal imaging.
These tracers have the advantage of a highly specific binding
to molecules that are uniquely expressed in adrenocortical
cells. The following tracers have been introduced into clinical
practice: [11C]metomidate (MTO), [18F]fluoro-etomidate
(FETO) for PET imaging, and [123I]iodometomidate for
SPECT imaging.

For example, Juhlin et al. found high uptake of MTO in all
tumors originating from the adrenal cortex, whereas all other
processes were negative [16]. Similarly, Minn et al. found the
highest uptake in ACC followed by active adenomas and non-
secretory adenomas and very low uptake in non-cortical tu-
mors [17]. In a retrospective evaluation of 212 MTO-PET
examinations in 173 patients, Hennings et al. reported that
non-adrenocortical lesions were negative in MTO-PET [18].
Zettinig et al. investigated 16 patients with 18F-FDG-PETand
[11C]metomidate and demonstrated that metomidate could
distinguish adrenocortical from non-adrenocortical tissue,
whereas 18F-FDG PET differentiated malignant from benign
disease [19]. Similar results have been obtained with
[123I]iodometomidate with the clear advantage that this
SPECT tracer does not require the local availability of a cy-
clotron facilitating its widespread use and also demonstrating
high specificity [20]. Taken together, these studies indicate
that this new imaging modality might confer significant spec-
ificity to the characterization of adrenal neoplasia. Combined
imaging with 18F FDG-PET and metomidate derivatives may
be of great help to non-invasively characterize adrenal lesions
and to better distinguish between lesions with an indication for
surgical removal from those not requiring surgery.

Advanced ACC has an overall poor prognosis and a strong
tendency toward rapid progression. Despite the lack of pro-
spective, controlled trials, mitotane was approved in Europe
in 2004. Most data derive from retrospective series, and the
objective response rate is at best 24 %. In the only available
phase III trial comparing efficacy of the so far best available
treatment options of cytotoxic chemotherapy in patients with
advanced ACC, median survival was only 12–15 months, in-
dicating the urgent need for improved treatment strategies [21].
The clinical utility of a theranostics concept employing

radiolabeled iodometomidate for both diagnoses of adrenal tu-
mors and as targeted treatment of advanced ACC has recently
been shown [20, 22, 23]. Studies with [123I]iodometomidate in
patients with ACC have demonstrated that a high percentage of
patients (>30 %) show high tracer uptake in their metastatic
lesions [20]. In a recent series of ten patients with advanced
ACC, for the first time, a therapeutic potential of treatment
with [131I]iodometomidate could be demonstrated.
[131I]Iodometomidate induced a partial response or a lasting
stabilization of disease in the majority of patients while treat-
ment was very well tolerated [23]. However, studies of the
metabolic activity of [123I]iodometomidate revealed rapid
metabolic inactivation in vivo by esterases limiting the radia-
tion doses achievable in target tissue. Thus, metomidate deriv-
atives more resistant to rapid degradation but still maintaining
high avidity to adrenal CYP11B enzymes are currently under
development and show first promising results [24]. They could
allow both a lower radiation exposure during imaging and a
significantly higher effective dose in the targeted treatment of
ACC lesions.
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