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Abstract
AIM—To describe the morphological and contrast-agent washout characteristics of adrenocortical
carcinomas (ACCs) on computed tomography (CT).

MATERIALS AND METHODS—Forty-one patients with histopathologically proven ACCs
were retrospectively evaluated. The morphological characteristics of the ACCs were documented
and compared with surgical and histopathological findings. The percentage of contrast agent
enhancement washout (PEW) and relative PEW (RPEW) were calculated for 17 patients who had
the combination of unenhanced, portal venous, and 15 min delayed phase images.

RESULTS—Characteristic imaging findings of ACCs included large size (38 of 41 tumours were
>6 cm), well-defined margin with a thin enhancing rim (25 patients), and central stellate area of
low attenuation on contrast-enhanced CT images (21 patients). Tumour extension into the inferior
vena cava (IVC) with associated thrombus was identified on CT in six (14.6%) patients. Of 17
tumours evaluated, 12 (71%) had a PEW value of ≤60%, and 14 (82%) had an RPEW value of
≤40%.

CONCLUSION—Large size, a well-defined margin with a thin enhancing rim, central low
attenuation, and a predilection for extension into the IVC are typical morphological characteristics
of ACC on CT. The contrast-washout characteristics of ACCs, in concordance with their
malignant nature, share those of non-adenomas rather than adenomas.

Introduction
Adrenocortical carcinoma (ACC) is a rare, highly malignant neoplasm with a poor
prognosis. ACCs are reported to occur in less than two cases per million annually in the US,
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resulting in less than 0.2% of cancer deaths.1–3 The mean overall survival in patients with
unresectable tumours is only 6 months; however, the overall 5-year survival for patients who
undergo complete resection is 32–48%.4,5 Abdominal imaging, especially computed
tomography (CT), has an important role in detection of ACC, staging, evaluation for
resectability, and surgical treatment planning as the ability to perform total excision is the
most important positive prognostic factor.2–5

Previous descriptions of the radiological appearances of ACC have focused on the tumour’s
internal morphological characteristics.6,7 There have been relatively few radiological
evaluations of the tumour’s invasive properties, for example, invasion into adjacent organs
and vasculature; and these have only been small series consisting of one to 15 patients.8–10

Although there is substantial literature regarding the use of quantitative CT for evaluation of
adrenal tumours, especially the importance of unenhanced Hounsfield densities and contrast
medium washout characteristics, these reports have largely focused their attention on the
differentiation of adrenal adenomas from non-adenomas.11–14 There are few reports
evaluating these characteristics in ACCs.15,16

Therefore, the purpose of the present study was to evaluate and quantify the morphological
and contrast-enhanced CT characteristics of a large series of histopathologically proven
ACCs, including size, attenuation, invasion, metastasis, and contrast medium washout.

Materials and methods
Patients

The institutional review board approved this HIPAA-compliant retrospective study and
waived the need for informed consent. Computerized institutional pathology and radiology
databases were searched to identify patients who had a histopathologically confirmed
diagnosis of ACC and had undergone abdominal CT imaging before any treatment, from 1
January 2001 to 31 August 2009. In total, 41 ACCs in 41 patients were identified: 17 men
and 24 women, with a mean age of 52.3 years (range 15.9–80.8 years). Nineteen tumours
arose in the right adrenal gland and 22 in the left. Adrenalectomy was performed in 34
patients; the other seven patients did not undergo surgery, the pathological diagnosis being
established by biopsy of their primary tumour.

The presenting symptoms and signs in these 41 patients included: Cushing’s syndrome (n =
9, including three with virilization); hyperaldosteronism (n = 3), bilateral lower-extremity
oedema (n = 3); left varicocele (n = 2); hypertension (n = 2); and cough related to lung
metastases (n = 1). Seventeen patients had non-specific symptoms, including abdominal
discomfort; flank or back pain related to local mass effect; and four patients were
asymptomatic.

CT acquisition
The majority (34 of 41) of the CT images for review had been undertaken at our institution.
Images were obtained with a variety of multidetector row helical CT systems (LightSpeed
QX/I, n = 7; LightSpeed Plus, n = 3; LightSpeed 16, n = 17; or LightSpeed VCT, n = 7; GE
Healthcare, Milwaukee, WI, USA; and other CT systems, n = 7). CT parameters for all
images reviewed included: 120–140 kV; 180–440 mA; 0.9375:1 pitch for LightSpeed 16,
0.984375:1 pitch for LightSpeed VCT, and 1:1 pitch for LightSpeed QX/I, LightSpeed Plus,
and the other systems; 2.5–5mm collimation; and a standard soft-tissue reconstruction
algorithm. Intravenous (IV) contrast-enhanced imaging at our institution was undertaken
with IV administration of 100–120 ml of a non-ionic contrast agent [iohexol 100 mg iodine/
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ml (Omnipaque 300) or iodixanol 320 mg iodine/ml (Visipaque 320); GE Healthcare] via a
power injector at the rate of 2–2.5 ml/s.

A variety of combinations of unenhanced and intravenous (IV) contrast-enhanced images
were available for review. Both unenhanced and contrast-enhanced images were available
for 37 of the 41 patients; isolated unenhanced images were available for two others, and for
the remaining two, only contrast-enhanced images. Among the 39 patients who had contrast-
enhanced CT images, the following phases were available for review: arterial phase (30–35
s delay) in 24; portal venous phase (60–70 s delay) in 37; 3 min delayed in 13; and 15 min
delayed in 19. Among the latter 19 patients, the combination of unenhanced, portal venous,
and 15 min delayed images were available in 17.

Image analysis
The primary analysis of images was undertaken on studies obtained prior to any form of
treatment, in order to limit the confounding effects of therapies on the tumour(s). For the
majority of patients, this represented their presenting CT imaging: only 13 of the 41 patients
had any prior abdominal imaging. Of these 13 patients, there was only one with a remote CT
(3.5 years), the remaining 12 had only short intervals between the index CT and their earliest
available CT (median 47 days, range 8–76 days).

For the 34 patients who underwent adrenalectomy, the median interval between their initial
pretreatment CT and resection was 20 days (range 1–69 days). Three of these 34 patients
underwent neoadjuvant chemotherapy (n = 2) and trans-arterial chemo-embolization
(TACE; n = 1).

All archived CT images for the 41 patients were transferred to an Advantage Workstation
4.0 (GE Healthcare). Two radiologists (one with 20 and one with 11 years experience in
body CT imaging) evaluated the images for morphological characteristics, and discrepancies
were resolved by consensus.

The following qualitative morphological characteristics of the primary tumour were
documented: size (maximum axial diameter), shape (round or oval versus lobulate), margin
definition (well defined versus ill defined), rim enhancement (present versus absent),
attenuation appearance (homogeneous versus heterogeneous), and calcification (present
versus absent). In addition, the presence or absence of hypoattenuating areas was noted; and
if present, whether the area was stellate or irregular in morphology.

Besides these features of the primary tumour, the presence or absence of organ invasion,
venous thrombus, lymphadenopathy, and distant metastases were also evaluated, and
compared with surgical and pathological results. Calcification was considered to be present
if there was a region with attenuation greater than 120 HU on unenhanced images. Organ
invasion was considered to be present on CT if the fat plane between the tumour and the
adjacent organ was obliterated and the density of the adjacent structure was attenuated.
Lymph node metastases were considered to be present on CT if a cluster of three or more
perilesional nodes (of any size) was identified or if there were fewer than three unclustered
lymph nodes of at least 10 mm in short-axial diameter.17,18

For quantitative analysis, one radiologist measured the size and attenuation value of
tumours. The image that contained the maximum axial cross-sectional area of the tumour
was used for measuring both the maximal diameter and mean attenuation value. The region
of interest (ROI) was carefully hand drawn over the mass and placed at the same level for
each phase of the study. As has been done in previous evaluations of the percentage of
contrast agent enhancement washout (PEW) in adrenal tumours,11,13–16 the ROI was as
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large as possible while avoiding the lesion’s edges to preclude partial volume effects. Areas
of calcification, fat, and blood vessels were excluded where possible (Fig 1).

A variety of staging investigations had also been undertaken in the 41 patients, and all of
these studies were reviewed and their findings documented: chest CT (n = 31), chest
radiography (n = 34), bone scintigraphy (n = 20), and 2-[18F]-fluoro-2-deoxy-D-glucose
(FDG) positron-emission tomography (PET) combined with CT (n = 5).

Contrast-agent washout calculation
For the 17 patients for whom the combination of unenhanced, contrast-enhanced portal
venous phase images, and 15 min delayed images were available, PEW was calculated as
follows:

PEW = [(AE − AD)/(AE − AN] · 100,

where AD is the attenuation on the 15 min delayed contrast-enhanced CT image, AE is the
attenuation on the portal venous phase contrast-enhanced CT image, and AN is the
attenuation on the unenhanced CT image.11–15 The relative percentage of contrast agent
enhancement washout (RPEW) was calculated as follows (Fig 1):

RPEW = [(AE − AD)/(AE] · 100

Results
The relationships between tumour size and other morphological characteristics evaluated on
CT are listed in Table 1.

Size
The mean (± SD) maximum axial diameter of all tumours was 11 ± 4 cm (range 4.7–22.2
cm). Thirty-eight had maximal diameters greater than 6 cm; the other three tumours had
maximal diameters of 4.7, 5.5, and 6 cm. The patient with the tumour that was 5.5 cm at the
time of surgical resection had undergone CT examinations 8 and 3.5 years previously, when
the stability of a 1.8 cm adrenal nodule during that interval had been documented.

Shape and margin
Eleven of the 41 tumours were round or oval, and 30 were lobulate. Twenty-nine tumours
had well-defined margins and 12 had ill-defined margins. Twenty-five of those 29 tumours
with well-defined margins were surrounded to some degree by a thin, well-defined
enhancing rim.

Internal structure
All 39 tumours with contrast-enhanced CT images demonstrated a heterogeneous
enhancement pattern. On unenhanced CT, 33 tumours showed heterogeneous density and six
homogeneous density. Fifteen of 41 (37%) tumours had punctate, patchy, or nodular
calcification (Fig 2). All 41 tumours contained hypoattenuating areas on unenhanced and/or
contrast-enhanced CT images, which were classified as central stellate (n = 21) or irregular
(n = 20).

Foci of mature fat, with attenuation values varying from −41 HU to −81 HU, were observed
in the centre of four tumours (Fig 3). Histopathologically, no myelolipoma or other collision
tumours containing fat were identified in the two specimens with fat foci that underwent
adrenalectomy (full histopathological evaluation was not available in the other two tumours
as they only underwent biopsy).
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Adjacent organ invasion
Adjacent organ invasion was considered to be present on the CT images in seven of the 41
patients including: liver invasion in two patients; kidney invasion in two patients; combined
liver and kidney invasion in two patients; and combined pancreas, stomach, and diaphragm
invasion in one patient. These patients had undergone contrast-enhanced CT and their
tumours were greater than 6 cm. Adjacent organ invasion was confirmed in four of these
seven patients at surgery and histopathology, including the patient with triple-organ
involvement described above (the other three patients did not undergo surgery).

For the four patients who were considered to have local liver invasion, all the primary
tumours were located on the right side. Invasion was confirmed in one patient who
underwent resection (the other three patients did not undergo surgery). Of note, contrast-
enhanced CT, which was under-taken 7 days before surgery, failed to detect, even in
retrospect, the right hepatic lobe involvement in one patient who underwent surgery; this
was a right-sided primary tumour and the smallest tumour in the present series (4.7 cm).

For the four patients who were considered to have adjacent kidney involvement, three were
right-sided and one left-sided. Invasion was confirmed in two patients who underwent
resection (the other two patients did not undergo surgery).

Venous thrombus
ACCs that extended into the inferior vena cava (IVC) with associated thrombus were
detected in six of the 41 (15%) patients on CT. The primary tumour was right-sided in four
of those patients and left-sided in two. In the two patients with left-sided ACCs, the tumour
extended into the left renal vein and then crossed the midline into the IVC. In one of these
two patients, a large tumour thrombus extended inferiorly along the gonadal vein to the
lower abdomen (Figs 4 and 5).

In these six patients, tumour thrombus was confirmed by surgery and pathology in three
patients (the other three patients did not undergo surgery). Of note, contrast-enhanced CT
failed to prospectively identify a small non-occlusive thrombus in the left renal vein and
IVC in one patient with a 14 cm tumour who underwent surgery. On retrospective review,
the CT examination, which was undertaken 25 days before surgery, was noted to have been
a uniphasic study obtained in a suboptimal (relatively arterial) phase of post-contrast
enhancement.

Lymphadenopathy and visceral metastases
Metastatic retroperitoneal lymphadenopathy was considered to be present at CT in four
patients, which was confirmed histopathologically in two patients. An inflammatory reaction
was found on histopathology in a third patient, and the fourth did not undergo surgery.
Among the other 31 patients who had adrenalectomies, metastatic lymphadenopathy was
histopathologically detected in one patient who did not meet the CT criteria for metastatic
adenopathy; the size of this primary tumour was 17 cm.

Visceral metastases were considered to be present on radiography, bone scintigraphy, CT,
and/or PET-CT evaluation in six patients: three in the liver, two in the lung, and one in both
the liver and bone. The four patients who were considered to have liver metastases (these
were focal parenchymal lesions, as distinct from local invasion from adjacent tumour) had
right-sided primary tumours; the two with lung metastases had left-sided tumours. The
primary tumours in these six patients were greater than 9 cm.
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Attenuation and contrast-agent washout
The mean (± SD) tumour ROI area was 20.9 ± 16.4 cm2 (range 4–64.4 cm2). The 39
tumours with unenhanced CT images available had a mean (± SD) attenuation value of 37.1
± 7.2 HU; on enhanced images, the values were 68.3 ± 21.5 HU for the 24 tumours with
arterial phase images; 84.1 ± 22.4 HU for the 37 tumours with portal venous phase; 73.2 ±
13.9 HU for the 13 tumours with 3 min delayed; and 62.5 ± 11.2 HU for the 19 tumours on
15 min delayed images. A summary of these enhancement characteristics is presented in Fig
6.

The mean (± SD) PEW and RPEW values for the 17 ACCs with the appropriate three phases
of contrast enhancement were 50 ± 16.9% (range 6.3–72.5%) and 26.9 ± 11.4% (range 3–
42.9%).

Fig 7 summarizes tumour distribution according to PEW and RPEW values. Twelve of these
17 (71%) tumours had a PEW value of 60% or less; 14 of the 17 (82%) tumours had an
RPEW of less than 40%. These cut-off threshold values of PEW and RPEW have been
commonly applied in previous studies for distinguishing between adrenal adenomas and
non-adenomas (namely, lesions with a PEW ≤60% or RPEW ≤40% are considered to be
non-adenomas).11–13

Discussion
Size is a commonly used characteristic in the differentiation of adrenal tumours. A review of
six published reports showed that 92% (105/114) of ACCs had diameters larger than 6 cm.19

In one series of 210 patients with incidental findings of an adrenal mass, a 5 cm cut-off
yielded sensitivity for ACC of 93% and a specificity of 63%.20 The overlapping sizes of
ACCs with other non-adenomas, such as metastases and pheochromocytomas, resulted in
the relatively low specificity in that study, which has also been reported by other
authors.21–25 Although size remains an important criterion for differentiating between
benign and malignant adrenal lesions, size alone is insufficient for differentiating ACCs
from other adrenal tumours. In the present study, the majority (38 of 41 [93%]) of the
patients had ACCs larger than 6 cm, but three patients had tumours smaller than or equal to
6 cm. It is also possible that previous studies and the present study are affected by bias
related to tumour size, as small adrenal tumours may simply be managed relatively
conservatively (namely by surveillance), while larger tumours may undergo biopsy or
surgery more expeditiously.

Calcification and a hypoattenuated or unenhanced central area have also been proposed as
typical signs of ACCs.7,8,26 In the present series, punctate, patchy, or irregularly nodular
calcification was present in 37% (15 of 41), and central low-attenuation areas were found in
all of the tumours. A central stellate area of low attenuation was found in more than half the
tumours in the present series. This feature has been described by Ribeiro et al.8 as
resembling the central scar seen in primary liver tumours. However, as noted by Fishman et
al.7 it is also seen in pheochromocytomas, large metastases, and even adenomas, and so
cannot be used as a distinguishing characteristic.

Although some fat content can be expected in ACCs, areas of macroscopic fat are extremely
rare. A very small amount of mature fat was demonstrated in two of the tumours in the
present study. To the authors’ knowledge, only two cases of ACC containing mature fat on
CT imaging have previously been reported.27,28 The origin of intra-tumoural fat has been
attributed by Ferrozzi et al.27 to osseous metaplasia of the non-epithelial tumour stroma,
which has been described in some renal-cell carcinomas.29–31 At present, there do not
appear to be any clear imaging features that differentiate these particular ACCs from
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angiomyelolipomas, a not uncommon benign adrenal tumour in which macroscopic fat is a
hallmark.

The presence of ill-defined margins in relation to lesions is often a sign of their underlying
aggressive nature. However, the converse does not necessarily apply; namely, the presence
of well-defined margins is not necessarily a sign of benignity, as evidenced by the finding of
this feature in 71% (29 of 41) of the tumours in the present study. Twenty-five of these 29
tumours were surrounded to some degree by a thin, well-defined enhancing rim; this feature
has previously been seen in both small and large tumours and is considered to be the
tumour’s capsule.7,8 This capsule may assist in limiting the risk of adjacent organ invasion;
in the present series, only four patients had confirmed local organ involvement despite the
large size of the majority of tumours and their close abutment and mass effect on adjacent
organs.

In addition to directly invading adjacent organs, ACC may extend into the adjacent
vasculature, such as the IVC and renal veins; this is usually accompanied by thrombus.8–10

IVC thrombus was present in approximately 17% (seven of 41) of the present series on
contrast-enhanced CT or surgery, which is similar to the reported incidence (14.3%) in a
surgical series,9 In the present series, as in theirs, IVC extension was more commonly
observed with right-sided ACC. The longer length of the left renal vein probably explains
this finding. To the authors’ knowledge, no case of gonadal thrombus in ACC has been
described; tumoural invasion into the left renal vein and extending inferiorly along the
gonadal vein was observed on CT images in one of the present patients. This patient
underwent an adrenalectomy, and the venous thrombus was also confirmed by surgery and
pathology. Thrombus can also extend superiorly into the right atrium.9,10 Although no right
atrial thrombus was observed in the present patients, it is recommended that if ACC is
suspected, abdominal imaging should provide adequate visualization of the right atrium in
order to detect or exclude the possible presence of extension of IVC thrombus.

In the present series, there were three of 41 (7.3%) histopathologically confirmed cases of
metastatic retroperitoneal adenopathy. A limitation of this aspect of the present retrospective
study is that retroperitoneal lymph node dissection was not undertaken in all patients, and so
the negative status of lymph nodes cannot be confirmed. In previous CT-based studies,
metastatic adenopathy has been considered to have been present in zero of 10 (0%)
patients,8 and five of 21 (24%).7 However, these two studies are limited by the lack of
pathological confirmation. In an autopsy series of 31 patients with ACC, metastatic
retroperitoneal lymphadenopathy was found in 21 (68%) cases.32 This, however, may not be
representative of the status of patients at the time of their initial presentation, which reflects
the present population more closely.

Based on the staging evaluations available in the present study, six of 41 (15%) of patients
were encountered with distant metastases, including the liver, lungs, and bone. Other clinical
series have reported the presence of distant metastases at the time of presentation in 18–39%
of patients.5 In the above autopsy series of 31 patients with ACC,32 the incidence of lung,
liver, and bone metastases were 71, 42, and 26% respectively; other metastatic sites included
the gastrointestinal tract, contralateral adrenal, brain, and pleura. As surgical resection of
limited or oligometastatic disease is a distinct management option,2,4,5 careful staging
beyond the abdominal cavity should be undertaken. In the present series, all four patients
with liver metastases had the primary ACC on the right side, which contrasts with the
observation of Fishman et al.7 in which eight of their nine hepatic metastases were from left-
sided ACC. This probably reflects the small sample sizes of these series, which is inevitable
given the rarity of the tumour.
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The IV contrast-agent washout characteristics of adrenal lesions are suggested as a method
of differentiating adenomas from non-adenomas: notably, most of this work has been
undertaken in the context of much smaller indeterminate adrenal lesions than those
encountered in the present study.11–14 Adenomas exhibit rapid enhancement and rapid
contrast-agent washout, whereas non-adenomas are considered to have more prolonged and
delayed washout. The use of PEW and RPEW thresholds of 60 and 40% on delayed
contrast-enhanced CT images has been reported to yield sensitivities and specificities for
differentiating of adenomas from non-adenomas of 92–100% and 95–100%,
respectively.11–13 However, little detailed information on the washout behaviour of ACCs is
available in these series.

In an analysis of seven ACCs, using a range of post-contrast delay times (7–17 min, mean 9
min), mean RPEW of 21.6% have been reported.16 In a similar analysis of 11 ACCs, mean
PEW of 34 ± 9% and mean RPEW 13 ± 12% have been reported, using delays of 10 min.15

In the present series, the mean PEW of 50 ± 16.9% and mean RPEW of 26.9 ± 11.4% were
slightly higher than reported in these previous studies, which may in part be due to the
longer delays utilized in the present study (15 min). The washout characteristics observed in
the present study are similar to those of non-adenomas in general, as previously reported,
which should assist in most ACCs being correctly classified as non-adenomas, rather than as
benign adenomas.

Caoili et al.14 reported on a patient with ACC who had a PEW value in the expected range
of adenomas, namely, of 81% (i.e., greater than the threshold value of 60%) with a 15 min
enhancement delay; they considered that this might be because of the small size (3 cm) of
the particular tumour and its well-differentiated histology. The present series of 17 tumours
included five that had PEW values greater than 60% and three with an RPEW greater than
40% (i.e., in the adenoma range). It was not possible to offer the same possible explanation
as in the report of Caoili et al. as the tumours in the present series, which exhibited the
above washout characteristics, were relatively large (8–10 cm) and all were moderately or
poorly differentiated upon histopathological evaluation. Therefore, contrast-agent washout
and morphological characteristics should be used in a complementary manner when
assessing adrenal lesions.

There are suggestions that FDG PET may help in the evaluation of indeterminate adrenal
lesions. A sensitivity of 100% and specificity of 88% for differentiating ACCs from
adenomas has been reported in a study of 43 adrenal adenomas and 22 ACCs, using a cut-off
ratio of 1.45 for adrenal to liver maximum standardized uptake value (SUVmax).33 However,
larger and wider ranging studies are required to further assess the utility of PET-CT in this
setting.

There are several limitations of the present study. First, not all of the tumours were
surgically resected; seven were sampled only by biopsy, so the CT findings could not be
directly compared with the histopathological results for all patients. Second, because of the
retrospective nature of the study, a variety of CT systems and techniques were used and that
contrast-agent washout data were not available in all cases. However, the results achieved
with this diverse range of CT systems and techniques may actually be more reflective of
daily clinical practice. Third, there are likely to be observer differences in the delineation of
tumour ROIs, which may influence the quantitative data; this could be investigated in future
work.

In conclusion, large size, well-defined margins with a thin enhancement rim, and a central
area of low attenuation are typical morphological characteristics of ACCs on CT. The
predilection for extension into the IVC may also be a useful clue to the diagnosis of ACC.
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Finally, most ACCs can be correctly categorized by using the enhancement-washout values
that have previously been used for differentiating adenomas from non-adenomas. However,
in larger indeterminate adrenal lesions, the washout criteria of PEW >60% and RPEW >40%
may not indicate benignity, particularly if they also demonstrate the above described
features.
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Figure 1.
A 51-year-old woman with a right ACC. (a) Non-contrast-enhanced, (b) portal venous
phase, and (c) 15 min delayed contrast-enhanced axial CT images. The oval mass had
attenuation values of 35, 82, and 61 HU, respectively. The resultant PEW and RPEW values
were 44.7 and 25.6%, respectively. The dotted line indicates the hand-drawn region of
interest. The posterior aspect of the liver was compressed by the tumour, however, without
CT criteria for adjacent organ invasion (which was confirmed at adrenalectomy). There was
no liver invasion on pathology.
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Figure 2.
A 42-year-old man with right ACC. Contrast-enhanced CT image shows a 13 cm, well-
circumscribed, lobulate mass with irregular calcifications (thin white arrow) and a central
stellate area of low density (thin black arrow). The adjacent liver parenchyma and the IVC
(thick white arrow) are displaced anteriorly.
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Figure 3.
An 80-year-old man with left ACC. Contrast-enhanced CT image shows a well-defined,
lobulate mass containing a small amount of fat (attenuation −81 HU). A thin, capsule-like
enhancing rim is visible around the mass (arrows).
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Figure 4.
A 67-year-old woman with left ACC. (a–c) CT images show a well-defined mass with
heterogeneous contrast enhancement and a central area of hypodensity arising from the left
adrenal gland. Thin enhancing rim (black arrows), tumoural extension into the left renal vein
and IVC (thick white arrows). Several enlarged retroperitoneal lymph nodes (thin white
arrows) were detected and histopathologically confirmed to be metastases. (d) The image
shows the thrombus in the left renal vein extending inferiorly into the left gonadal vein. The
IVC thrombus is still visible in this image (thick white arrows).
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Figure 5.
A 51-year-old man with left ACC. (a, b) CT images show a large lobulate mass arising from
the left adrenal gland with a central stellate area of hypodensity and a thin enhancing capsule
(black arrow). The body and tail of the pancreas were displaced anteriorly by the mass, and
the left kidney was displaced posteriorly and inferiorly (thin white arrows). The tumour
extended into the left renal vein and across the midline, extending along the inferior vena
cava and (c) superior to the confluence of the hepatic veins (thick white arrows).
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Figure 6.
Box-plot shows attenuation values for ACC on unenhanced (NC) and subsequent phase of
IV contrast enhancement. The bold horizontal lines represent medians, the boxes the inter-
quartile range, and whiskers indicate minimal and maximum values. NC, unenhanced; AP,
arterial phase; PP, portal phase; 3-min, 3 min delay; 5-min, 5 min delay.
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Figure 7.
Scatter-plot shows distribution of PEW and RPEW values for ACCs. “Cut-off A” is 60%
and “cut-off B” is 40%, which are the PEW or RPEW thresholds commonly used in
previous studies for distinguishing between adrenal adenomas and non-adenomas.11–13
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