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Summary

Approximately 80% of adrenal incidentalomas are benign, and development into adrenal cortical cancer is extremely
rare. This is a major reason behind clinical guidelines recommending surveillance of incidentalomas for a relatively
short duration of up to 5 years. Surveillance of lesions less than 1 cm is not routinely recommended. A 70-year-old
lady was diagnosed with a non-hyperfunctioning 8 mm right adrenal lesion. She underwent annual biochemical and
radiological assessment for 5 years before surveillance was extended to 2-yearly intervals. The lesion was stable in
size, and radiological characteristics were consistent with a benign adenoma. Seven years after the initial detection
of the adrenal lesion, she developed acute abdominal pain. Imaging revealed a 7 cm right adrenal lesion, which was
surgically resected and histologically confirmed to be adrenal cortical cancer. She died 1 year later. Clinical guidelines
have moved towards a shortened duration of surveillance of incidentalomas. Even though malignant transformation
is a rare event, it is possible that this will result in a delayed diagnosis of adrenal cortical cancer, a highly aggressive
malignancy with a poor prognosis. To our knowledge, this is the first published case of an adrenal lesion of less

than 1 cm developing into adrenal cortical cancer.

Learning points

+ Adrenal incidentalomas are increasingly common.

+ Clinical practice guidelines exist to aid in differentiating benign and malignant lesions and assessing functional
status.

+ Transformation of adrenal incidentalomas to adrenal cortical carcinomas is a rare but recognised event.
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Background

The diagnosis of adrenal incidentaloma (defined
as > 1 cm) is increasingly common, related to the greater
frequency of abdominal imaging and to radiological
advances. Approximately 80% are benign adenomas,
whilst less than 5% are adrenal cortical carcinomas
(ACCs), rare malignant lesions that carry a poor
prognosis (1, 2). Clinical guidelines assist physicians
in the management of incidentalomas and aid in
differentiating between benign and malignant lesions
and assessing functionality. Most guidelines recommend
that small (<4 cm) radiologically benign lesions do not
require surveillance for longer than a maximum of
5 years (3, 4). We present a rare case of progression
of an apparently benign 8 mm adrenal adenoma to
ACC after almost 8years of regular surveillance.

Case presentation

A 70-year-old Hungarian lady regularly reviewed
in an Obesity Service complained of flushing. Her
medical history was significant for well-controlled
type 2 diabetes mellitus, hypertension, osteoarthritis,
paroxysmal atrial fibrillation, Gilbert’s syndrome and
a resected meningioma. She lived with her husband,
and they did not have any children. She was a retired
laboratory technician and a lifelong non-smoker. There
was a family history of hypertension, and her identical
twin sister had benign breast lesions.

Table 1 CT characteristics of the right adrenal lesion.
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Investigation

Investigation of the flushing was performed. Abdominal
CT revealed an 8 mm right adrenal nodule and a 1.7
cm hypodense lesion in the liver (no pre-contrast scan
performed). A triple-phase CT abdomen deemed the
adrenal lesion too small to further characterise, and
hormonal testing confirmed a non-hypersecreting
lesion. No endocrine cause for flushing was identified,
and it spontaneously resolved.

Outcome and follow-up

She underwent 5 years of annual CT imaging (Table 1)
and hormonal assessment (Table 2) of her adrenal
tumour. The characteristics (density, enhancement
pattern, absolute washout and size) remained consistent
with a stable, non-functional adrenal adenoma.
Surveillance with CT imaging was then extended to
2-yearly intervals. In addition, an MRI scan performed
1 year after initial identification reported that the
small size of the lesion limited characterisation,
although there appeared to be loss of signal on the
out-of-phase T1 sequence, suggestive of a small adenoma.

Almost 8 vyears after the initial diagnosis of the
incidentaloma, but only 21 months since her last CT
scan, she presented to her general practitioner with
new-onset epigastric/right upper quadrant abdominal
pain. An abdominal ultrasound showed a 7.3 cm right

Enhancement
pattern

Year of

surveillance Density

Absolute

washout Size Reported conclusion

0
0

2 3 HU (non-contrast)

3 30 HU pre-contrast, 73 HU
arterial phase, 102 HU portal
venous phase and 42 HU
delayed phase
4 Consistent with
adenoma

5 Consistent with
adenoma
7 32 HU pre-contrast, 60 HU in
arterial/portal venous/
delayed phases

8 mm Most likely an adenoma.
Stable small right adrenal
nodule, too small to
characterise.

Right adrenal is unchanged
with only slight bulkiness.
Right adrenal nodule is
unchanged, likely an
adenoma.

Stable small right adrenal
lesion. The stability and
absolute washout are in
keeping with an adenoma.
Small right adrenal lesion,
corresponding to an
adenoma. Unchanged

in size.

Stable right adrenal
adenoma.

Significant increase in size
of the right adrenal mass
since previous scan.

Unchanged

10 x 6 mm,
unchanged
72% Unchanged

Consistent
with adenoma

Unchanged

Consistent
with adenoma
0% 66 X 49 mm

Unchanged

CT, computed tomography; HU, Hounsfield units.
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Table 2 Functional studies at baseline and at diagnosis of ACC.
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2009 2017
Ur vol (L) Value RR Ur vol (L) Value RR

24-h urine studies

Cortisol (nmol/day) 2.53 104 70-430 1.69 237 54-319

Metanephrines (umol/day) 3.01 0.6 <21 1.23 0.4 <04

Normetanephrines (umol/day) 3.01 2.5 <5.1 1.23 24 <23
Plasma studies

Aldosterone (pmol/L) - 489 100-950

Renin (mU/L) - 206 3.3-41

ARR - 2 <70

Baseline aldosterone and renin were not measured as patient was on medications that interfered with testing.
ACC, adrenal cortical carcinoma; ARR, aldosterone-to-renin ratio; RR, reference range; Ur vol, urine volume.

adrenal lesion abutting the right lobe of the liver, and
a triple-phase CT abdomen confirmed that the adrenal
lesion had increased in size to 66 x 49 mm (Fig. 1).
There was homogeneous enhancement but a consistent
increase from 32 HU pre contrast to 60 HU in the
arterial, portal venous and delayed phase sequences.
There was no internal calcification or necrosis. The
segment 4 liver lesions remained unchanged. A CT
chest did not demonstrate any suspicious masses.
Hormonal testing was unremarkable.

She underwent an open right adrenalectomy with
removal of part of the right posterior section of the
liver and diaphragm fibres. Histopathology was
consistent with ACC (AJCC 8th Edition, pT4Nx). The
macroscopic specimen (Fig. 2A) showed a 90 x 70 x 52
mm tumour, and microscopically there were features
consistent with an invasive and aggressive tumour (Fig.
2B, C and D). The Weiss score was 5/9 (high Furhman
nuclear grade, mitotic grade >5 per 10 mm?, necrosis,
capsular invasion and venous/vascular invasion).
The Ki-67 score was 20%. She was referred to a sub-
specialist in the management of ACC for ongoing care
but was intolerant of multiple medical therapies.
There was rapid local recurrence and metastasis, and
she passed away 1 year after the diagnosis of ACC. Prior
to her death, she had recommended that her identical
twin sister undergoes screening; her abdominal
imaging also revealed an adrenal lesion. Further
information about the results and outcome for her

twin sister is not known.

Discussion

Current guidelines aim to distinguish between adrenal
lesions that can be safely monitored versus those that
need surgical intervention. However, there is little
consensus between guidelines, which are generally
based on low-level evidence and relatively short
follow-up periods of up to 5 years.

The American Association of Clinical Endocrinologists
and American Association of Endocrine Surgeons
Adrenal Incidentaloma Guidelines (3), published
in 2009, recommend that patients with a non-
functioning adrenal incidentaloma <4 cm in size with
benign radiological features (homogeneous, regular
borders, HU <10 on non-contrast CT) should have
repeat imaging after 3-6 months, and then annually
for 1-2 years, along with hormonal assessment
annually for 5 years. The guidelines do not offer
recommendations for what surveillance is required
beyond 5 years for a stable lesion, in part because
the transformation of a benign adenoma/hyperplasia
into ACC is thought to be extremely rare (5). However,
if a lesion was indeterminate on the initial CT scan,
then these guidelines advocate for adrenalectomy.

In contrast, the 2016 European Society of Endocrinology
(ESE) Clinical Practice Guideline for management of
adrenal incidentalomas suggests against any further
imaging of adrenal masses <4 cm with clearly benign
radiological features and functionally inactive (6).

Figure 1

Pre-contrast triple-phase abdominal CT images of
right adrenal lesion (black arrows). A. Initial
triple-phase CT scan showing a small right
adrenal lesion. B. After 5 years of annual imaging,
the lesion remained stable in size and
characteristics. C. CT scan performed 21 months
after the scan B showing a marked increase in
size of the right adrenal lesion.
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Figure 2

Histopathology of resected adrenal cortical carcinoma. A. Macroscopic
specimen of 90 x 70 x 52 mm tumour. B. Haematoxylin and eosin
staining showing adrenal tumour surrounded by a fibrous capsule with
invasion into the adjacent liver. C. Presence of lympho-vascular invasion.
D. Positive synaptophysin staining consistent with ACC.

Although this weak recommendation was based on
‘very low’ quality of evidence, an update to these
guidelines published in 2023 increased the strength
of the recommendation because of the publication of
higher quality literature (4). In patients whose initial
imaging is indeterminate and who opt against surgical
resection, then repeat imaging with non-contrast
CT or MRI in 6-12 months is recommended, with
re-stratification of the lesion.

The importance of avoiding repetitive radiological
evaluation, as proposed by the ESE guidelines (4),
is supported by the high financial costs of imaging,
high false-positive rates and significant radiation
exposure (2). The amount of radiation required to
follow an adrenal incidentaloma for 3 years confers
a risk of developing a fatal cancer that is comparable
to the risk of malignant transformation of the adrenal
lesion (2). Indeed, it may be possible in the presented
case that repeated exposure to radiation contributed
to the development of the ACC, although this would be
difficult to prove.

The recent surge in artificial intelligence has raised
questions about how it can be best utilised in healthcare
to improve patient outcomes. The use of radiomics with
CT texture analysis has been proposed to discriminate
benign from malignant adrenal lesions (7). Such
technology, which operates via an unsupervised
machine learning approach, could be useful in early
detection of suspicious adrenal lesions and thus limit
repeated radiation exposure. Alternatively, this may
prevent unnecessary surgical resection of otherwise
benign lesions.
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The question remains what the natural history of a
benign adrenal adenoma is, and what the optimal length
of follow-up is required to detect transformation to
a malignant lesion. A systematic review of over 1400
people with incidentalomas followed for a mean of
2 years identified only two cases of malignancy, neither
of which were a primary adrenal cancer (2). But in
2017, the first-ever case report of an incidentaloma
developing into ACC was published (8). A 71-year-
old male developed ACC 14 years after the first
detection of an adrenal lesion, with the initial non-
contrast CT revealing a 17 mm right adrenal lesion
with a density of 7.9 HU. He died within months of the
diagnosis of metastatic ACC. A small number of other
cases have since been reported, but unlike the case
presented here, the adrenal lesions were always greater
than 1 cm, and they did not have benign radiological
features at the initial assessment.

It is impossible to tell in any of these cases whether
the ACC transformed directly from the benign adrenal
adenoma, or whether it was a de novo event. Adrenal
cortical cancers are frequently aggressive and invasive,
and histopathology often shows complete infiltration
of the adrenal gland with no, or very little (such as
in our case), normal tissue left. On extremely rare
occasions, there can be the co-existence of two adjacent
but histologically distinct tumours of the adrenal
gland, termed adrenal collision tumours (9). These
collision tumours might support the hypothesis of two
independent events; however, there is also evidence
supporting multistep tumourigenesis of adrenal
lesions (10). The latter mechanism is responsible
for the pathogenesis of colorectal carcinoma from
benign polyps.

The diagnosis of an adrenal lesion in this patient’s
identical twin sister raises the possibility of an
underlying genetic mutation associated with the
development of ACC. Unfortunately, we do not
have access to any further results or outcomes for
her. Approximately 5-10% of ACCs are caused by a
germline mutation, and there are several familial
cancer syndromes that are associated with ACC (11).
Li-Fraumeni syndrome (predominantly childhood ACC),
Lynch syndrome and multiple endocrine neoplasia
type 1 have a prevalence of ACC in adulthood of
between 1% and 7%. There are also case reports in the
literature of ACC in familial adenomatous polyposis,
Beckwith-Wiedemann, neurofibromatosis type 1,
Carney complex and Birt-Hogg-Dube syndromes (11).
There are currently no formal guidelines for genetic
testing of patients with ACC and their families, but
in the future, this may aid in developing a better
understanding of the pathogenesis of ACC as well as
targeted treatment for patients and/or prevention
strategies for affected family members.

A recent large series of 512 patients with ACC reported
that ACC first detected as an incidentaloma accounted
for almost 40% of cases, with a frequency that increased
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with age (12). Patients who had an incidental finding of
ACC were more likely to have a better outcome compared
with patients who presented with symptomatic disease
(12). Whilst these prognostic presentation features
are less relevant to the case described here, the study
also identified tumour factors such as Ki67%, Weiss
score, ENSAT stage III and cortisol secretion as markers
associated with increased risk of disease recurrence
and mortality in ACC (12).

Conclusion

We present a case of the diagnosis of ACC more than
7 years after the commencement of surveillance of a
benign adrenal adenoma, well beyond the time frame
for surveillance recommended in all major clinical
guidelines. To our knowledge, it is the first published
case to describe an adrenal lesion that measured less
than 1 cm at the commencement of surveillance, and
therefore, was not large enough to even be defined as an
incidentaloma.
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