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Abstract Incidentally discovered adrenal masses are com-
mon and the clinical evaluation and surveillance aims to diag-
nose hormone excess and malignancy. Adrenocortical cancer
(ACC) is a very rare malignancy. This study aims to define the
imaging characteristics of adrenal tumors preceding the diag-
nosis of ACC. Patients with prior (>5 months) adrenal tumors
(<6 cm) subsequently diagnosed with ACC were identified in
a large registry at a tertiary referral center. Retrospective chart
and image review for patient characteristics and initial, inter-
val, and diagnostic imaging characteristics (size, homogenei-
ty, borders, density, growth rate, etc.) was conducted. Twenty

patients with a diagnosis of ACC and a prior adrenal tumor
were identified among 422 patients with ACC. Of these, 17
patients were initially imaged with CTand 3 with MR. Only 2
of the 20 patients had initial imaging characteristics suggestive
of a benign lesion. Of initial tumors, 25 % were <2 cm in size.
Surveillance led to the diagnosis of ACC within 24 months in
50 % of patients. The growth pattern was variable with some
lesions showing long-term stability (up to 8 years) in size. In
conclusion, antecedent lesions in patients with a diagnosis of
ACC are often indeterminate by imaging criteria and can be
small. Surveillance over 2 years detected only 50 % of ACCs.
Current practice and guidelines are insufficient in diagnosing
ACCs. Given the rarity of ACC, the increased risk and health
care costs of additional evaluation may not be warranted.

Introduction

Adrenal tumors are often discovered when cross-sectional im-
aging is performed for unrelated indications (1, 2). These in-
cidentally discovered adrenal tumors are a significant health
concern due to the deleterious effects of excess hormone pro-
duction and possible malignancy. Further evaluation and sur-
veillance incur both additional cost and health risk. Among
these risks are exposure to ionizing radiation from CTor PET
scans and complications from invasive procedures such as
biopsy or surgery (3, 4).

The goal of the initial evaluation of an incidentally discov-
ered adrenal nodule is to (1) determine the functional status by
biochemical testing and (2) establish the likelihood of malig-
nancy by imaging (1, 2). Biochemical and clinical evaluation
will diagnose hormone-secreting tumors, and treatment can be
instituted.

Benign adrenal adenomas are common, being reported
with a prevalence of 2–9 %, depending on the population
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studied (1, 2, 5). In contrast, adrenocortical carcinoma (ACC)
is exceedingly rare (6). The risk of ACC had been estimated to
be as high as 2–6 % for lesions 4–6 cm in diameter and <2 %
for those less than 4 cm (7). However, a more recent meta-
analysis estimates the fraction of ACCs among incidentally
discovered adrenal masses to be only 1.4 % (5). A review of
973 patients with 1049 incidentally discovered adrenal masses
found no malignancies, though follow-up was as short as
1 year in some patients (8).

Evidence of metastatic disease is regarded as definitive for
the diagnosis of malignant disease. Several characteristics
have been reported to increase the suspicion for malignant
adrenal tumors on cross-sectional imaging. These include het-
erogeneity, areas of necrosis or hemorrhage, calcification, ir-
regular borders, invasion into adjacent structures, size >4–
6 cm, decreased wash-out and irregular enhancement on
contrast-enhanced CT scan, T2 intense signal on MRI, and
Hounsfield units >10 on unenhanced CT scan (9). Size has
been found to be the most valuable criteria, and a recent study
has shown that HU >10 is sensitive but not specific in deter-
mining the diagnosis of ACC (10, 11).

Above a size threshold of 6 cm, consensus guidelines (e.g.,
AACE, ACR, AME, NIH) are consistent in recommending
surgery, although this is not mandated if all aspects of imaging
characteristics are entirely benign (12–14). There is a lack of
consensus for smaller lesions; recommendations typically in-
volve initial radiographic evaluation as well as surveillance
due to concern for the possibility of ACC. Given the rarity
of this malignancy, the benefits, frequency, or duration of se-
rial imaging have not been established and the antecedent
imaging appearance of lesions prior to development of ACC
is unknown. The current study aims to retrospectively analyze
the radiographic characteristics of adrenal tumors in patients
later diagnosed with ACC.

Methods

This is a single-center retrospective analysis of patients with
ACC in a tertiary referral center with a specialized endocrine
oncology service. ACC patients were identified in the Mich-
igan Endoc r ine Onco logy Repos i to ry (MEOR,
HUM00024461). Medical records were reviewed to identify
patients with a diagnosis of an adrenal tumor of less than 6 cm
in size predating the diagnosis of histologically confirmed
ACC by at least 5 months. As all patients were initially eval-
uated and followed outside the University of Michigan, initial
images were obtained from the initial imaging facilities. All
pathological specimens were reviewed by an experienced en-
docrine pathologist at the University of Michigan to confirm
the diagnosis of ACC. Images were reviewed by the study
team including two experienced radiologists with expertise
in adrenal imaging. Average growth rates were calculated for

the largest diameter from initial imaging to final diagnosis of
ACC.

Results

Patient Characteristics

Among 422 patients within the MEOR, 20 had an adrenal
mass less than 6 cm in diameter that was diagnosed more than
5 months prior to the final ACC diagnosis (Table 1). The
interval of 5 months was chosen because the minimum rec-
ommendation for repeat imaging of adrenal lesions is 6months
following initial identification. The chosen time frame ensures
the inclusion of patients that had their follow-up imaging mar-
ginally earlier. The cut-off of 6 cm was used as this is the
maximum diameter considered for benign lesions in at least
some of the current guidelines. All patients had initially been
evaluated and followed outside the University of Michigan
Health Care System. The reason for initial imaging was unre-
lated to endocrine or local tumor-related symptoms in all
cases. Eleven patients were female, and 9 were male. Nineteen
patients were Caucasian and one was African-American.
Mean age at initial imaging was 47.1±16.8 years (mean±
SD) and 50.2±16.1 years (mean±SD) at the time of diagnos-
tic imaging. The mean lead time to diagnosis of ACC was
44.1±39.5 months (mean±SD), range (6.0 to 131.0) with 5
of 20 ACCs (25 %) diagnosed within 1 year, and 10 (50 %)
being diagnosed within 2 years.

Initial Lesion Characteristics

The initial imaging study in 17 of 20 patients was a CT scan.
Twelve lesions were heterogeneous in appearance on initial
imaging with a median size of 3.7 cm (2.1–5.3), compared to a
median size of 1.7 cm (1.1–4.5) for 8 homogeneous lesions. In
all cases, where an initial unenhanced CT was available, the
attenuation exceeded 11 Hounsfield units (HU) (12–67 HU).
Three patients initially underwent MR imaging; all adrenal
lesions demonstrated hyperintense signal intensity on T2-
weighted sequences (Table 1, Fig. 1a).

The overall mean size of the initial lesion was 3.2±1.3 cm
(median 3.4, range 1.1–5.3). Six of 20 lesions were greater
than 4 cm on initial imaging and had a lead time range of 6–
96months to ACC diagnosis. Three of these were identified as
ACCs within 12 months. Nine tumors were between 2 and
4 cm in diameter on initial imaging with a lead time range to
diagnosis of 6–131 months, of which 2 were identified within
12 months. Five tumors were less than 2 cm on initial imaging
and had a lead time range of 13–84 months.

All five lesions less than 2 cm in size were homogeneous.
In retrospective review, one or more findings suggesting a
benign diagnosis (homogeneity, attenuation <10 HU, regular
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margins, signal drop in and out-of-phase MR imaging, low
signal intensity in T2-weighted images) were present in only
two patients. However, both of these nodules were only eval-
uated by contrast-enhanced CT and no unenhanced HU are
available, leaving the possibility that they would have been
possible to diagnose as not clearly benign lesions based on the
HU criteria. Two other lesions had non-contrast enhancement
>10 HU and one tumor was bright on T2-weighted MRI im-
age. Therefore, none of these lesions had a full work-up iden-
tifying them as benign tumors.

Rate of Growth

The mean increase in the largest diameter was 1.9±1.7 cm per
year, range (0.2 to 6.0) (Fig. 1b). Seven of 20 lesions had an
average growth rate of less than 1 cm per year (see Supple-
mentary Figure 1). A variety of growth patterns were ob-
served, including rapid growth (exceeding 2 cm/year) in 5
patients, slower but steady growth in 9 patients, and a period
of stability followed by growth in 6 patients. Of these 6 cases
where a latent period of relative stability was observed,

minimal growth was observed from a range of 7 months to
2 years in 4 patients, and more than 4 years of stability was
observed in the remaining 2 patients. Lesions exhibiting a
latent period had an initial mean size of 2.6±0.82 cm (median
2.7, range 1.4–3.6). When lesions exhibiting a period of sta-
bility were excluded from the analysis, the mean increase in
largest diameter was 2.4±1.8 cm per year, range (0.69 to 6.0).

Clinical Evaluation

At the time of final ACC diagnosis, eight of 20 patients (40%)
had clinical or biochemical evidence of excess hormone se-
cretion (cortisol 4, androgen 5, aldosterone 2). Three of the
eight functional lesions produced hormones in combination.
Unfortunately, initial endocrine work-up is largely unavailable
for all patients. In 2 patients, an initial concern of hormone
excess was raised but not confirmed (one congenital adrenal
hyperplasia, one Cushing’s syndrome). Final pathology eval-
uation and clinical parameters are available in supplementary
tables 1 and 2. There were no obvious differences when com-
pared to ACCs without prior imaging available. Clinical and
pathological parameters fall well into the usually reported
ranges for ACC and are not different than that found in the
overall collective.

Discussion

Our findings raise several concerns regarding the management
of incidentally identified adrenal lesions. The initial manage-
ment differed from guideline recommendations in the majority
of patients. This may be due to the infrequency with which
ACCs are encountered in community practices. Of the 6 pa-
tients with lesions greater than 4 cm in diameter, surgery could
have been recommended at least for 4 patients with lesions
with a heterogeneous appearance. The remaining 2 lesions
exceeding 4 cm in size were homogeneous but had attenuation
values well above 10 HU, a trigger for an adrenal protocol CT
study with thin slices and delayed enhanced images to assess
washout characteristics or further MRI evaluation (15–17).
These studies could have been applied to 6 additional smaller
lesions, including one with a stability period of 2 years.

Guidelines from the AME, ACR, and AACE/AAES rec-
ommend consideration of operative management for lesions
<4 cm in the presence of concerning imaging characteristics
(12–14). Of 14 patients with lesions smaller than 4 cm, 8 had a
heterogeneous appearance and 1 was bright on T2-weighted
MR imaging, which could have led to the consideration of
surgery as initial management in 9 (64 %) patients. Therefore,
initial surgical therapy would have been an option for more
than half of patients. However, considering the high preva-
lence of incidental adrenal tumors and the low prevalence of
ACC, surgical resection of all lesions >2 cm with

Table 1 Patient and imaging characteristics

Patients and tumor demographics

Gender

Male 9

Female 11

Race

Caucasian 19

African-American 1

Mean age at initial imaging
(years ± SD, range)

47.1±16.8
(12–81)

Mean size of initial lesions
(cm ± SD (range))

3.2±1.3
(1.1–5.3)

Mean size at ACC diagnosis
(cm ± SD (range))

6.9±3.1
(3.1–16)

Lesion appearance at initial imaging

Heterogeneous 12

Homogeneous 8

Mean lead time to ACC diagnosis
(months ± SD (range))

44.1±39.5
(6.0–131.0)

<12 months (N (%)) 5 (25)

<24 months (N (%)) 10 (50)

Mean growth rate (cm/year ± SD
(range))

1.9±1.7
(0.2–6.0)

<1 cm/year (N (%)) 7 (35)

Lesions with a latent period of
stability (N (%))

6 (30)

Latent period range (years) 0.6–8

Hormone secretion at time of ACC
diagnosis (N (%))

8 (40)

Initial and final sizes, hormone work-up
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indeterminate features will likely cause significant overtreat-
ment and treatment-associated morbidity. Therefore, new di-
agnostic tools with increased specificity for ACC are needed
in the initial work-up of incidentally discovered masses.

Although a variety of surveillance recommendations have
been proposed, there is consensus that growth >1 cm/year is
an indication for surgery. However, slower growth may be
falsely reassuring. In this series, 7 (35 %) of 20 patients had
average growth rates <1 cm per year. Moreover, the presence
of a latent period in 6 (30 %) of the patients in our series,
ranging from 7 months to 8 years, was interpreted as sugges-
tive of a benign nature. The growth pattern was very variable.
One lesion had a period of stability for the initial 2 years of
surveillance, eventually undergoing surgery 7 years after the
initial identification. Another had accelerated growth, from
1.1 cm on initial imaging to 7.6 cm only 13 months later.
Differences in initial imaging characteristics were not discern-
able in lesions exhibiting a latent phase compared with those
that grewmore steadily. Currently recommended strategies do
not mandate surveillance beyond 2 years; however, in our
series, the time to diagnosis exceeded this timeframe in 10
(50 %) patients (12–14). Therefore, the current approach of

limited surveillance will identify only half of all ACCs. Fur-
thermore, this finding shows that not all lesions stable over 1–
2 years can confidently be diagnosed as benign (particularly
those with indeterminate imaging features), as suggested by
many guidelines (12–14).

Alarmingly, 5 (25 %) of the patients in our series had le-
sions smaller than 2 cm on initial imaging. Such lesions would
potentially be excluded from surveillance by guidelines advo-
cating follow-up only of tumors exceeding 2 cm in diameter.
However, none of these lesions had a complete imaging and
biochemical work-up identifying them as clearly benign. Par-
ticularly, the two homogeneous lesions, only evaluated on
contrast-enhanced CT scan, should have been evaluated with
an unenhanced CT scan. It has recently been shown that the
criterion of <10 HU is a good discriminator for adenomas vs.
ACCs (11).

The low incidence of ACC has left many gaps in our un-
derstanding of its antecedent history. A limitation of this study
is the retrospective nature including the often incomplete
work-up of adrenal nodules not in accordance with suggested
guidelines and lack of proof for a pathogenic connection be-
tween initial lesions and the later diagnosed malignant tumor.

Fig. 1 a All tumors (yellow
arrows), initial imaging (upper
panels) and final imaging (lower
panels) at time of diagnosis. b
Growth of tumors from initial
tumor to final size (considering
intermediates where available).
Dashed line shows 24 month
mark, which is the recommended
follow-up by several guidelines
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Another concern is the non-standardized follow-up of the pa-
tients in this study, exclusively at institutions other than our
own center. Indeed, at our center, it is standard to complete all
imaging and biochemical work-up in accordance with guide-
lines to gather as much information as possible to judge about
the biological behavior of adrenal tumors. Imaging cannot
determine whether the initial lesions represent adenomatous
precursors or small ACCs. Therefore, three main explanations
for the observed findings can be proposed: (1) The initial
adrenal lesions can be benign lesions unrelated to the later
development of ACC, (2) the initial nodules might represent
benign tumors that progress to malignant tumors, or (3) the
initial tumors represent small ACCs, which were failed to be
diagnosed as ACCs either because of incomplete work-up or
insufficient criteria to determine the biological behavior. Re-
gardless of any of these possibilities, progression of adrenal
lesions to an overt malignancy is the main reason to recom-
mend imaging surveillance and this study shows a significant
time interval between initial imaging and final ACC diagno-
sis, often outside the recommended range of follow-up imag-
ing. Unfortunately, the rarity of ACC and the high prevalence
of benign adrenal lesions preclude a prospective study to gath-
er evidence for more general recommendations in follow-up.

In view of the wide variability in progression, this
study raises the concern that current strategies for sur-
veillance may not be effective in the early identification
of malignant adrenal tumors arising in patients with in-
cidentally discovered adrenal masses. Aggressive re-
sponses to such evidence could involve a combination
of lower operative thresholds and more frequent and
prolonged surveillance. Other imaging modalities such
as fluorodeoxyglucose (FDG)-PET scans have been sug-
gested to be employed in the differential diagnosis of
benign adrenal tumors and ACC. Unfortunately, these
studies included only a small number of ACCs or eval-
uated very late stage disease (16, 17). Furthermore,
10 % of adenomas are FDG-avid giving FDG-PET a
low positive predictive value for diagnosing the very
rare ACC (15).

In addition to imaging characterization, there might be ad-
ditional benefit from annual biochemical surveillance. At the
time of diagnosis of ACC, at least 40% of tumors had become
overtly hormone-producing. Therefore, thorough biochemical
surveillance would have at least diagnosed these tumors. Fu-
ture methods, such as mass spectrometry analysis of urine or
serum steroids, might even display better diagnostic parame-
ters (18).

Significant public health implications exist for both broad-
ening the indications for adrenalectomy with attendant risks
requiring specialized expertise for optimal performance, and
increased cross-sectional imaging, given emerging evidence
that diagnostic doses of ionizing radiation may contribute to
risk of malignancy and the significant cost of alternatives such

as MRI (3, 5, 19, 20). In light of the high prevalence of
incidentalomas, consequences of such measures would be
compounded and therefore should be considered judiciously.

Certainly, new modes to determine the differential diagno-
sis of benign and malignant adrenal masses are needed.
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