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Summary

Adrenocortical carcinoma is a rare disease with poor prognosis whose clinical heterogeneity can at times present a 
challenge to accurate and timely diagnosis. We present the case of a patient who presented with extensive pulmonary 
lesions, mediastinal and hilar lymphadenopathy and an adrenal mass in whom the oncological diagnosis was initially 
uncertain. Through the use of immunohistochemistry, biochemistry and genomic testing, an accurate diagnosis of 
adrenocortical carcinoma was ultimately made which resulted in more directed treatment being administered. The use of 
multidisciplinary input and genomics to aid in diagnosis and prognosis of adrenocortical carcinoma is discussed.
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Learning points:

 • Adrenocortical carcinomas can present a diagnostic challenge to clinicians given it is a rare malignancy with 
significant�clinical�heterogeneity.

 • Specialist multidisciplinary team input is vital in the diagnosis and management of adrenocortical carcinomas.
 • Hormonal testing is recommended in the diagnostic workup of adrenal masses, even in the absence of overt 

clinical signs/symptoms of hormone excess.
 • Immunostaining�for�the�highly�sensitive�and�specific�steroidogenic�factor-1�is�vital�for�accurate�diagnosis.
 • Genomics can provide prognostic utility in management of adrenocortical carcinoma.

Background

Adrenocortical carcinoma (ACC) is a rare malignancy, with 
a reported annual incidence of 0.5–2.0 cases per million 
(1). Most cases are sporadic, though some are associated 
with an underlying hereditary syndrome, such as 
Li-Fraumeni syndrome (with TP53 gene mutation), MEN1, 
Lynch Syndrome (with mismatch repair gene mutations), 
familial adenomatous polyposis and Beckwith–Wiedeman 

syndrome (2). Outcomes for patients diagnosed with ACC 
are generally poor with 5-year survival rates of <30% (1).

Patients with ACC often present either with mass effect 
symptoms (30–40% of patients) or with clinical features 
of hormone excess (50–60% of patients) (2). However, 
ACC demonstrates significant clinical, morphological, 
and molecular heterogeneity, which can make accurate 
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diagnosis difficult in some cases. Histologically, ACC 
typically immunostains for steroidogenic factor 1 (SF1), 
MelanA, alpha-inhibin, calretinin and synaptophysin, 
without staining for cytokeratins, S100 and chromogranin 
A (3, 4). However, other than SF1 (sensitivity 98.6%, 
specificity 100%) (3) most markers have poorer sensitivity 
and specificity for ACC.

The era of molecular genomic testing has yielded 
significant developments in our understanding of ACC 
pathophysiology and prognostication, with certain 
molecular patterns improving our ability to differentiate 
ACC from adenomas and other molecular patterns providing 
prognostic utility in ACC (2). It is also feasible that molecular 
testing may prove diagnostically useful in malignancies of 
unknown primary or in differentiating ACC from other 
malignancies metastatic to the adrenal gland (hepatocellular 
carcinoma, renal carcinoma) or other primary tumours of 
the adrenal glands such as phaeochromocytoma.

In this case report, we describe the utility of 
immunohistochemistry and multidisciplinary care as 
an aid to accurate diagnosis in a case of ACC with initial 
diagnostic uncertainty due to concomitant pulmonary 
and mediastinal involvement. Additionally, the prognostic 
utility of molecular testing is described.

Case presentation

A 34-year-old male presented to an external hospital with 
severe pleuritic right chest pain and right upper quadrant 

abdominal pain, and a preceding 2-month history of night 
sweats and dyspnoea without weight loss. Additionally, 
there were no symptoms or signs of clinical hormone 
excess, such as a Cushingoid appearance, hypertension, 
hyperglycaemia or weight gain. He was an ex-smoker 
with a past medical history of glucose-6-phosphate 
dehydrogenase deficiency, asthma and gastro-oesophageal 
reflux disease, managed with salbutamol and pantoprazole.

Investigation

His initial investigations included a CT scan demonstrating 
bilateral lung nodules, pathologically enlarged mediastinal 
and hilar lymph nodes up to 30 mm in size and a 
heterogeneous large right adrenal lesion (55 × 80 × 50 mm) 
with internal areas of necrosis (Fig. 1). He underwent two 
endobronchial biopsies of a right upper lung lobe lesion. 
These were both reported to show limited quantities of a 
partly necrotic and nested proliferation of epithelioid cells 
with moderate amounts of eosinophilic cytoplasm, round 
hyperchromatic nuclei and small nucleoli. No glandular or 
squamous differentiation was seen. There were occasional 
mitotic figures. Tumour cells expressed synaptophysin, 
with some very weak pancytokeratin (AE1/AE3) and inhibin 
staining. They were negative for TTF1, p40, MelanA and 
S100. Ki67 proliferative index was estimated at 20–25%. 
A provisional diagnosis of non-small cell carcinoma with 
neuroendocrine differentiation was made, although it was 
noted that confident histopathological assessment was 

Figure 1
Initial CT chest and adrenal imaging. Panel A: CT 
chest demonstrating bilateral lung nodules and 
hilar lymphadenopathy. Panel B: Non-contrast CT 
adrenal demonstrating heterogeneous right 
adrenal mass with an area of necrosis and high 
density. Panels C and D: Portal venous phase CT 
adrenal demonstrating right adrenal mass.
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difficult on the limited quantities of partly necrotic tumour. 
Following case review at an oncology multidisciplinary 
meeting, a lung primary with adrenal metastasis was 
favoured over metastatic adrenocortical carcinoma. 
Carboplatin and etoposide (CE) regimen was recommended 
as first-line therapy and commenced in January 2020.

The patient was subsequently referred to our centre (a 
quaternary cancer centre) following disease progression after 
two cycles of CE for consideration of additional therapies. 
Review of the original pathology confirmed the previously 
reported findings with the exception of Ki67 index, which 
was thought to be under-estimated due to technical 
artefact. A repeat Ki67 proliferative index was scored as 
60–70%. Further immunostaining showed that the tumour 
cells did not express CK7, CK19, INSM1, chromogranin or 
SSTR2. Serum chromogranin A and neuron-specific enolase 
(NSE) were elevated (Table 1). A gallium-68 DOTATATE 
PET/CT scan investigating for possible neuroendocrine 
tumour did not demonstrate significant DOTATATE uptake 
in the thoracic or adrenal lesions whilst FDG PET/CT in 
March 2020 (Fig. 2, Panel A) showed intense uptake in 
the pulmonary nodules, mediastinal nodes and adrenal 
mass. A confident diagnosis could not be made, but a 
neuroendocrine neoplasm was thought unlikely. The 
possibility of a non-small cell carcinoma, potentially of 
lung origin, was raised. A limited targeted next-generation 
sequencing panel showed wild-type EGFR, KRAS, BRAF 
and MET. ALK immunohistochemistry was negative, and 
ROS1 and RET were not rearranged by fluorescence in situ 
hybridisation. Atezolizumab/bevacizumab was added to 

CE after two cycles given the presumed lung carcinoma. 
However, restaging FDG PET/CT in April 2020 after four 
cycles of CE demonstrated disease progression in lungs and 
adrenal gland (Fig. 2, Panel B), though clinically his night 
sweats had resolved and general improvement was noted in 
his clinical state.

A repeat CT-guided lung biopsy was performed. 
Immunostaining on this showed the tumour cells 
strongly expressed vimentin, CD56 and SF-1 (NR5A1) 
(Fig. 3). Negative stains included calretinin, arginase-1, 
PAX8, PSA, desmin, NUTM1, ERG, CD30 and OCT3/4. 
Tumour cells were mismatch repair-proficient. TP53 was 
strongly expressed, and RB1 expression was absent in 
tumour cells. The expression of synaptophysin, CD56, 
inhibin, vimentin and SF-1 favoured metastatic ACC; the 
absence of TTF-1, ALK and NUTM1 expression or EGFR, 
KRAS, BRAF, MET, ROS1 and RET mutation suggested lung 
adenocarcinoma was unlikely. Further investigations at 
our hospital included a 24-h urine collection which did 
not demonstrate marked catecholamine excess and serum 
biochemistry which revealed normal range testosterone 
and oestrogen, with elevated DHEA-S, progesterone, 
cortisol, 11-deoxycortisol and suppressed ACTH (Table 1) 
consistent with excess adrenal hormone production. Renin 
was elevated; however, this measurement was taken whilst 
the patient was on an angiotensin-converting enzyme 
(ACE) inhibitor.

Whole-genome sequencing (WGS) was performed 
on the lung biopsy specimen, which also favoured ACC 
over lung large cell neuroendocrine carcinoma (LCNEC). 
WGS demonstrated low tumour mutational burden (<4 
mutations/megabase) and somatic mutations in TP53, 
RB1, CTNNB1, ATRX (Table 2), all with additional loss of 
heterozygosity as demonstrated by high allele frequencies. 
No pathogenic germline mutation was detected. Features 
supporting the diagnosis of ACC included: CTNNB1 
mutations are rare in LCNEC (2%) and common in ACC 
(21%) (cBioPortal GENIE cohort); ATRX mutations are 
more common in ACC (12%) than LCNEC (4%) (5, 6). In 
addition, a high number of chromosomal breaks, high 
tumour purity (99%) and whole-genome doubling were 
detected, similar to other reported ACC samples (6). 
Notably, this tumour harboured co-existent TP53 and 
CTNNB1 mutations, which has previously been reported 
to occur mutually exclusively (7).

Treatment

Further progression was evident on FDG-PET/CT in June 
2020 (Fig. 2, Panel C). Based on this, treatment was altered 

Table 1 Patient’s baseline serum and urine biochemistry 
results.

Hormone Result Reference range

Testosterone 9.9 8.3–30.2 nmol/L
DHEA-S 58.91 1.30–16.10 umol/L
Oestradiol 126 40–160 pmol/L
Progesterone 3.7 <0.6 nmol/L
Cortisol 630 100–535 nmol/L
11-deoxycortisol 13.6 0.2–4.6 nmol/L
ACTH 2.3 7.2–63.3 ng/L
Aldosterone 89 <654 pmol/L
Renin 136.8 2.8–39.9 mIU/L
Aldosterone:renin <1
Chromogranin A 3490 27–94 µg/L
Neuron-specific�enolase 26 <12 µg/L
24-h urine catecholamines
 Adrenaline 118 <111 nmol/day
 Noradrenaline 225 <476 nmol/day
 Dopamine 2483 <2601 nmol/day

DHEA-S: dehydroepiandrosterone sulfate, ACTH: adrenocorticotropic 
hormone
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to mitotane and streptozocin (as patient had already 
received CE as part of his initial chemotherapy it was felt 
that mitotane-etoposide, doxorubicin, cisplatin (EDP) was 
unlikely to add clear benefit). Mitotane was up-titrated to 
4.5 g/day over the first month targeting mitotane blood 

levels of 14–20 mg/L (8), and concomitant replacement 
dose hydrocortisone was commenced.

Outcome and follow-up

Unfortunately, after an initial partial metabolic response 
with mitotane and streptozocin on FDG PET/CT performed 
in August 2020 (Fig. 2, Panel D), 2 months after change in 
therapy, he subsequently developed disease progression 
and subsequently progressed through several lines of 
therapy including docetaxel, gemcitabine/mitotane, 
doxorubicin/mitotane, and mitotane/gemcitabine/
docetaxel and is now having supportive care only.

Discussion

ACC is a rare malignancy with poor prognosis and high 
recurrence rates even after complete surgical resection. 
To date, systemic therapies for advanced ACC have 
demonstrated low response rates. Even more recent 
advances with the First International Randomized Trial 
in Locally Advanced and Metastatic Adrenocortical 
Carcinoma Treatment (FIRM-ACT) study (8) establishing 
mitotane with etoposide, doxorubicin and cisplatin as 
first-line therapy, median progression-free survival is still 
only 5 months in those with advanced ACC.

Figure 2
Serial FDG PET/CT scan images. FDG PET/CT scan demonstrating right adrenal mass, bilateral lung nodules and hilar nodal metastases (panel A), with 
significant�interval�progression�despite�treatment�with�carboplatin�and�etoposide�(panels�B�and�C),�and�finally�significant�metabolic�regression�of�all�
lesions on mitotane and streptozocin (panel D).

Figure 3
Immunohistochemistry of lung biopsy. Tumour tissue 
immunohistochemistry demonstrating nested proliferation of tumour 
cells with round hyperchromatic nuclei on haematoxylin and eosin stain 
(panel�A),�strong�diffuse�positive�staining�for�synaptophysin�(panel�B),�
negative�stain�for�INSM1�(panel�C)�and�diffuse�strong�nuclear�expression�
of�SF-1�(panel�D).�Scale�bar = 50�µm.
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This case highlights the difficulties and importance 
of accurate diagnosis of malignancies affecting the 
adrenal gland, particularly when there are no overt 
clinical features of hormone excess and the initial 
imaging reveals extra-adrenal disease. It also demonstrates 
the need for a multidisciplinary team consisting of 
oncologists, pathologists, radiologists, nuclear physicians, 
endocrinologists and endocrine surgeons experienced in 
evaluating adrenal lesions as the differential diagnosis is 
broad and includes primary malignancies originating in 
the adrenal gland as well as extra-adrenal primary tumours 
with metastatic spread to the adrenal glands. It is prudent 
to exclude hormonal excess early in the diagnostic process, 
and involvement of an experienced endocrinologist is 
essential for biochemical evaluation when investigating 
and managing patients with large adrenal masses.

Our case highlights the diagnostic utility of the 
immune marker SF-1 in obtaining the correct diagnosis. In 
our case, limited amounts of the initial biopsy specimen as 
well as elevated biochemical markers such as chromogranin 
A and NSE (likely a result from double-dose proton-pump 
inhibitor use) potentially led to an initial misclassification. 
Furthermore, oncocytic ACC is characterised by nests 
of large pleomorphic cells with large nuclei and variable 
architectural features that may overlap with other 
malignancies (4), including large cell neuroendocrine 
carcinoma. Further review of the pathology specimen as 
well as a repeat biopsy for additional immunohistochemical 
evaluation at a quaternary cancer centre and an external 
pathologist specialising in ACC led to the revised diagnosis 
in our case. Immunostaining for SF-1 should be performed 
in all cases with a dominant adrenal mass. If SF-1 staining 
was performed earlier in the diagnostic workup of our case, 
it may have led to an earlier diagnosis and therefore earlier 
ACC-specific therapy. Additionally, early biochemical 
assessment of patients presenting with adrenal lesions 
is important and may guide diagnosis as well as direct 
management if biochemical adrenal hormone excess is 
identified. Furthermore, both urine and serum steroid 

profile assessments may be utilised to aid in the diagnosis 
of ACC, with urinary steroid profiles achieving greater 
than 90% sensitivity and specificity for identification of 
ACC (9, 10).

The rapidly evolving contribution of genomics 
to the ACC landscape has provided a wealth of new 
information to clinicians managing patients with ACC. 
ACC ranks amongst the top five cancers with the highest 
levels of chromosomal aneuploidy, the top ten cancers 
with the highest proportion of whole-genome doubling 
and amongst the bottom ten cancers in terms of single-
nucleotide mutation frequency (2). Despite tumour 
molecular heterogeneity, there have been certain recurrent 
molecular alterations that have been identified. These 
include genes affecting activation of the Wnt/β-catenin 
pathway – ZNRF3 (frequency of mutation: 16–21%), 
CTNNB1 (16–33%), APC (8%), MEN1 (7%); genes affecting 
p53 apoptosis/Rb1 cell cycle pathway – TP53 (16–21%), 
CDKN2A (11–15%), RB1 (7%), CDK4 (2%); genes affecting 
chromatin remodelling suggesting a role for epigenetic 
deregulation in tumorigenesis – ATRX (7%), DAXX (6%) and 
genes involved in chromosome maintenance – TERT (14%), 
TERF2 (7%) (6, 7, 11, 12). In addition to the genes commonly 
involved in ACC (including TP53, RB1, CTNNB1, ATRX 
which were affected in our case), many other characteristic 
molecular features of ACC were also seen in our case. ACC 
has higher tumour purity (82%) relative to other tumours 
(6), and in our case, tumour purity was 99%. Furthermore, 
ACC typically demonstrates low tumour mutational 
burden, with large pan-genomic studies finding an average 
of 0.6–0.9 mutations per megabase (6, 11), with our case 
demonstrating <4 mutations/megabase.

A few of the genomic characteristics seen in our case 
have been associated with poor prognosis in large pan-
genomic studies. Zheng et al. (6) categorised ACC into three 
groups based on patterns of chromosomal alterations, 
with a ‘chromosomal’ subgroup being defined by whole 
chromosome or chromosomal arm gains/deletions, a 
‘noisy’ subgroup with high number of chromosomal 

Table 2 Genomic testing results.

Gene Mutation Type Allele frequency (%)

TP53 ENST00000269305.8:c.490A>G:exon5:p.K164E Somatic 98
RB1 ENST00000267163.5:c.1442_1470del:exon16:p.I481fs Somatic 98
CTNNB1 ENST00000349496.11:c.133_135del:exon3:p.S45del Somatic 97
ATRX ENST00000373344.10:c.1834A>T:exon9:p.K612* Somatic 97
Other key genomic features
 Low�mutation�burden�(2.38�mutations�per�megabase)
 High�number�of�chromosomal�breaks
 Whole-genome�doubling

* indicates the amino acid change leads to a stop codon.
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breaks and finally a ‘quiet’ subgroup with very few copy 
number alterations. The high number of chromosomal 
breaks seen in our case were reminiscent of the ‘noisy’ 
subgroup, which is also associated with the worst survival. 
Additionally, whole-genome doubling which was seen in 
our case, and which occurs in 68% of ‘noisy’ subtype, 51% 
of ‘chromosomal’ subtype, and 0% of the ‘quiet’ subtype, 
has been associated with tumour aggressiveness (6).

Our case highlights the complexities of ACC diagnosis 
and management, necessitating a multidisciplinary 
team approach. The SF-1 immunomarker aids diagnostic 
certainty in cases of ACC, and the evolving field of 
genomics can provide useful prognostic information in 
such patients.
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