L))

Check for
updat

Review Article

Adrenocortical carcinoma: a literature review

Ammu Thampi', Ekta Shah’, Ghada Elshimy**, Ricardo Correa™*

'Loyola Medical Center, South Gate, CA, USA; ’Children’s National Medical Center, Washington, DC, USA; *University of Arizona College of
Medicine-Phoenix, Phoenix, AZ, USA; *Phoenix VAMC, Phoenix, AZ, USA

Contributions: (I) Conception and design: R Correa; (IT) Administrative support: R Correa; (IIT) Provision of study materials or patients: None; (IV)
Collection and assembly of data: All authors; (V) Data analysis and interpretation: All authors; (VI) Manuscript writing: All authors; (VII) Final
approval of manuscript: All authors.

Correspondence to: Ghada Elshimy, MD; Ricardo Correa, MD, Es.D. 650 E Indian School Rd., suite 117, Phoenix, AZ 85012, USA.

Email: ghada_elchimi@hotmail.com; riccorrea20@hotmail.com.

Abstract: Adrenocortical carcinoma (ACC) is reported to be present in 3-10% of the population with
most tumors presenting as benign tumors. Most cases of ACC are a sporadic accumulation of mutations
over time. However, studies show a predisposition to various genetic mutations may contribute. Research
over the last couple of decades has elucidated causes of ACC to be driven by several molecular changes that
include inactivation of tumor suppressor genes and activation of a myriad of different oncogenes, DNA
mutations, and epigenetic changes. The widely adopted staging of ACC is by European Network of Study
of Adrenal Tumors (ENSAT) due to its correlations with clinical outcomes. At the time of presentation, a
detailed history taking with attention to the history of symptoms of hormonal excess and family history of
possible hereditary influence is the first step of evaluation. It is followed by a thorough physical examination
for evaluation of ACC. Management of ACC poses a unique challenge as it involves oncologic and endocrine
issues. Except for one trial, treatment guidelines are based on retrospective studies and non-randomized
trials, and therefore the level of evidence is grade II to grade IV. Personalized therapy including identifying
the actionable target in each patient is the future of ACC management. The knowledge base of ACC is
evolving based on the basic science and clinical trials conducted by worldwide groups such as COMITE of
France, ENSAT of Europe, TCGA project and American Australian Asian Adrenal Alliance (A5). Future
studies should aim at clear molecular and clinical standardization. Recommended therapeutic strategies

should be prospectively recorded.
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Introduction present as part of a larger genetic syndrome such as Li-
Fraumeni syndrome, Beckwith-Wiedemann syndrome,
Neurofibromatosis-1 (NF1), Carney Complex, and Werner
syndrome (2).

Other etiological risk factors may include the presence

Adrenal tumors are reported to be present in 3% to 10% of
the population, and most adrenal tumors are small, benign
nonfunctioning adenoma. In contrast, adrenocortical

carcinomas (ACCs) are rare, lethal malignancies with poor of contraceptive use in women younger than 25 years (due

overall survival (1). Most cases of ACC are a sporadic to increased exposure to estrogen) and men who smoke

accumulation of mutations over time. However, studies tobacco (3). Additionally, a relative increase in ACC has

show a predisposition to various genetic mutations may
be a contributing factor, especially when the diagnosis is
made in children. Moreover, in children, ACC is often
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been noted during pregnancy and may be due to increased
estrogen exposure (4). Approximately 10% to 20% of adult
cases of ACC result in a secondary malignancy (5,6).
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Epidemiology

The National Institute of Health (NIH) Office of Rare
Diseases research reports that fewer than 200,000 ACC
cases exist within the United States (US) and that deaths
from ACC account for 0.2% of the deaths annually. The
incidence of ACC is 0.72 per million in the USA while
0.5 to 2 per million worldwide (1). Interestingly, South
and Southeastern Brazil have a greater than 10- to 15-fold
increase in cases of ACCs due to the higher prevalence of
tumor protein p53 (TP53) germline mutation of the tumor
suppressor gene allele R175H and R337H alleles secondary
to a founder effect, with approximately 78% found in
children and 13% found in adults (7).

When divided further, ACC presents with a bimodal
distribution (i.e., in children younger than 5 years and
adults aged 40 to 60 years) with an incidence of 1.3% of all
childhood cancers versus 0.02% to 0.2% of adult cancers
and occurs 1.5 to 2.5 times more in female patients than
male patients. Conditions associated with ACC in adults
may include Li-Fraumeni syndrome, Familial Adenomatous
Polyposis (FAP), Multiple Endocrine Neoplasia type I, and
Lynch syndrome (1,2,5).

Genetic predisposition

Research in recent decades has elucidated the causes of ACC
to be driven by several molecular changes that include the
inactivation of tumor suppressor genes and the activation
of a myriad of different oncogenes, DNA mutations, and
epigenetic changes. At the level of the genome, large-scale
changes occur in gene expression along with chromosomal
aberrations such as chromosomal gains, chromosomal
losses, and loss of heterozygosity; DNA methylation; and
dysregulation of micro ribonucleic acid (miRNA) leading to
overexpression of these sequences. Tumor suppressor genes
involved include TP53 and the melanocortin 2 receptor,
also known as the adrenal corticotropin hormone receptor
(ACTH-R). TP53 is located on 17p13 and is a key regulator
of cell proliferation. TP53 dysregulation plays a key role in
many cancers. Amongst patients with ACC, TP53 accounts
for both germline and somatic mutations leading to ACC
(5,8-13).

Most cases of ACC are sporadic. Around 70% to 80%
of ACC cases involve TP53 germline mutations, and
20% to 35% of ACC cases are due to somatic mutations.
Additionally, more than 80% of somatic mutations related
to TP53 mutations are due to a loss of heterozygosity (LOH)
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at the 17p13 chromosomal locus. Of the sporadic cases of
ACC in children, roughly 50% to 80% are due to TP53
germline mutations in both North American and European
populations (13). Germline mutations of TP53 also account
for 70% of families with Li-Fraumeni syndrome, a disease
characterized by autosomal dominant genetic patterns
resulting in increased susceptibility to breast carcinoma, soft
tissue sarcoma, osteosarcoma, and ACC (2,13).

LOH at the 17p13 locus results in the significant
downregulation of two genes found at this locus: Acyl-
coenzyme A dehydrogenase very long chain and
arachidonate-15-lipooxygenase second type within ACC
patients compared to those with benign adrenocortical
tumors, which has given rise to two hypotheses. The first
hypothesis suggests there is a global downregulation of
many genes that occur at this locus in ACC, while the
second hypothesis suggests there may be other tumor
suppressor genes not yet identified. This further suggests
that LOH at 17p13 occurs as an early event while TP53
somatic mutations are a later event in the development of
ACC, which accounts for the differences in frequency of
LOH versus TP53 somatic mutations in the population.
Finally, TP53 mutations can affect tetramerization domains,
especially the Brazilian subtype R337H mutation, which
replaces an arginine to histidine, bringing about pH-
dependent effects in different tissues (13).

ACTH-R belongs to a subgroup of 5 receptors of a
G protein-coupled receptor superfamily and is encoded
on the intronless gene 18p11.26. ACTH-R LOH has
been implicated in ACC and nonfunctional adenomas.
Furthermore, when quantified, ACTH-R messenger
RNA (mRNA) levels are downregulated in ACC as
well as nonfunctional adrenal adenomas, whereas it is
upregulated in functional adenomas. This suggests a role
for ACTH-R in cellular differentiation. Downregulation
of ACTH-R, in turn, results in dysregulation of cyclic
adenosine monophosphate pathways and dedifferentiation
of aggressive tumors (13,14).

By contrast, there is less evidence of somatic mutations
in ACC. However, LOH at 11q13 has been shown to occur
in 90% of informative ACCs and 20% of adrenocortical
adenomas (ACA). Furthermore, LOH across the 11q
domain has been documented in ACC, which suggests
the involvement of other tumor suppressor genes. To
summarize, the documented various oncogenic alterations
were considered drivers of tumorigenesis in ACC as they
play a critical role. Most notable is the overexpression of
insulin growth factor II (IGF-II), which has occurred in
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60% to 90% of ACC cases with a 100-fold increase in IGF-
II(1,2,5,9,13).

IGF-II is a fetal growth factor that plays a role in the
development of the adrenal cortex. The 11p15 chromosome
locus is arranged into a telomeric domain—the IGF-II
cluster, H19—a noncoding region of 2.3kb, and the
centromeric domain—CDKNI1C1. The HI9 gene is not
translated but may play a role in the modulation of IGF-II
expression, and CDKNIC gives rise to a cyclin-dependent
kinase that regulates the cell cycle at the G1/S phase. IGF-
IT and H19 are regulated by an imprinting center known
as IC1, which is methylated on the paternal allele and
unmethylated on the maternal allele. Furthermore, IGF-II
is only expressed on the paternal allele, while H19 is only
expressed on the maternal allele. Therefore, IGF-II will
normally be regulated by methylation of the paternal allele
and expression of H19. CDKNI1C, however, is regulated
by another imprinting center known as IC2. Additional
oncogenic alterations implicated in ACC include the
constitutive activation of the Wnt/B-Catenin pathway due
to genetic alteration of CTNNBI gene and Steroidogenic
Factor 1 (SFI) gene overexpression. The role of CTNNBI
gene mutations resulting in Wnt/p-Catenin pathway
activation was first discovered in FAP patients presenting
with ACC and plays a role in embryonic development and
development of the adrenal cortex (13,14).

Since the initial studies, transcriptome studies have
found Wnt/p-Catenin target genes—BIRCS5, ENCI,
PTTGI, and TWIST1—to be overexpressed in ACC
cases. Additionally, CLDN1, AXIN2, and LGRS—positive
transcriptional target genes—are overexpressed in ACC
patients, giving further evidence to the role of Wnt/
B-Catenin in tumorigenesis of ACC patients. Current
research further suggests a role for ZNRF3 as a driver
for ACC tumorigenesis in altering the Wnt/p-Catenin
pathway. ZNRF3 encodes for a cell-surface transmembrane
E3 ubiquitin ligase that serves as a negative feedback of the
Wnt/B-Catenin pathway by preventing complex formation
between a Wnt receptor known as Frizzled and its co-
receptor low-density lipoprotein LRP5/6, which signals
for B-Catenin to be phosphorylated by GSK3, which, once
again, leads to degradation of B-Catenin by the E3 ubiquitin
pathway. However, in ACC patients, an inactivating
mutation of ZNRF3 has been reported with a 19% to
21% prevalence, leading to the activation of f-Catenin
and its subsequent translocation to the nucleus (14).
SF1 is a transcription factor that is normally expressed in
the hypothalamus, pituitary, and steroidogenic hormone-
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producing glands such as the ovaries, testes, and the adrenal
cortex, playing a crucial role in the development of these
glands. Specifically, SF1 has a role in both steroidogenesis as
well as fetal development of the adrenal cortex independent
of the processes of steroidogenesis (15). Its etiological
role in the molecular pathogenesis of ACC is explained
by examining its cellular context in benign adrenocortical
neoplasms such as ACA versus its cellular context in ACC.
In ACAs, the cellular context of SF1 expression is to follow
a differentiated cellular phenotype following a pattern that is
dependent on steroidogenesis, whereby most steroidogenic
enzymes possess SF1 response elements in its promoter
region. On the other hand, in ACC, it follows a phenotypical
pattern that is like fetal development independent of
steroidogenesis, whereby the cellular context of the tumors
is less differentiated and does not correlate with hormonal
activity. Furthermore, most childhood cases and many adult
cases of ACC are associated with overexpression of the SF1
and that there is a decreased survival in the presence of
SF1 overexpression. Patients with ACC with high presence
of SF1 had a 14-month survival while those with low SF1
presented with 49.8-month survival, further supporting SF1
as a sign of poor prognosis (15).

Evidence has been found for the molecular changes
between ACC in relation to Lynch Syndrome, Carney
Complex, and Neurofibromatosis Type I. Global gene
expression studies have identified a myriad of genes as
drivers of pathogenesis in ACC. This includes ZNRF3
and PRKARIA. Additionally, this includes RPL22, TERF2,
CCNEI1, NF1, and TERTY. The TERT gene encodes for
telomerase and is amplified in ACC cases with a 15%
prevalence, and mutations in DAXX and ATRX genes
(playing a role in the lengthening of telomeres) have been
found to have a 10% prevalence in ACC. CDK4 is another
amplified gene. Moreover, there have been homozygous
deletions of CDKN2A, RB1, ZNRF3, 3q13.1, and 4qe4.3
loci. Global gene expression uses levels of BUB1B and
PINKI1 in assessing survival of patients with malignant
ACC tumors regardless of tumor stage, and DLG7 and
PINKI1 levels are markers of disease-free survival regardless
of tumor grade as will be discussed further in the prognosis
section (14,16).

Chromosomal aberrations leading to chromosomal
gains or chromosomal losses have also been reported in the
pathogenesis of ACC. Initial studies showed chromosomal
gains occur at the following loci: 4q, 4p16, 5pl5, 5q12-13,
5q32-qter, 9934, 12q13, and 19p, while chromosomal losses
occur at 1p, 21, 11q, 17p, 22p, and 22ql. Further studies
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have since confirmed chromosomal gains at chromosomes
5,7,12,16, 19, and 201,7 and chromosomal losses at 1,
2,13, 17, and 221,7. Lastly, microsatellite studies indicate
LOH occurs at the following loci: 17p13, 11q15, and
2p16 at a rate of 85%, 90%, and 92% of ACC cases,
respectively. DNA methylation has also been studied at a
genome-wide level in ACC; there was significantly more
hypermethylation at CpG sites (CpG islands) in ACC
patients versus those with normal adrenocortical tissue
samples. The sites of hypermethylated CpG islands were in
regions that led to decreased expression of genes involved in
cell cycle regulation and apoptosis regulation. This includes
CDKN2A, GATA4, DLEC1, HDAC10, PYCARD, and
SCGB3A1/HIN17. The hypermethylation of promoter
regions that play a role in downregulation of expression
of various genes and hypermethylation of H19 and other
tumor suppressor genes (as described above) has also been
found in two separate studies (5,14,16,17).

Dysregulation of miRNA has been reported in patients
with ACC, leading to the inactivation of tumor suppressor
genes and the activation of oncogenes. Further studies
have found miR-483-5p located in an intron of IGF-II to
play a significant role in ACC pathogenesis. Dysregulation
of IGF-II disturbs the expression of miR-483, leading
to its upregulation—an event that has occurred in a
significant number of pediatric ACC cases. Additionally,
the upregulation of miR-1202 and miR-1275 has also been
implicated. Similarly, studies have shown downregulation
of miR-214, miR-375, miR-511, miR-195, miR-99a, and
miR-100, the latter two of which play a role in pediatric
ACC (5,14,16,17).

Clinical presentation

ACC can present classically in three different forms.
Approximately 40% to 60% of the patients present with
symptoms of hormonal excess, one-third present with
nonspecific symptoms, and 20% to 30% are diagnosed
with imaging studies performed for unrelated medical
issues (5,6,18,19). Hormonal excess could be due to
hypercortisolism or hyperandrogenism. Hypercortisolism
can present as a plethora, diabetes mellitus, osteoporosis, and
muscle atrophy. Glucocorticoid-mediated mineralocorticoid
receptor activation due to saturation of the HSD11B2
system can present with hypokalemia and hypertension.
Malignant adrenal tumors usually present with the clinical
presentation of hypercortisolism, rapidly progressing
muscle weakness, and pronounced muscle weakness.
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Hyperandrogenism can present with male pattern baldness,
virilization, hirsutism, and menstrual abnormalities.
About 1% to 3% of malignant adrenal tumors have excess
estrogen production that present as gynecomastia and
testicular atrophy. Isolated hyperandrogenism in male
patients is often underdiagnosed. Autonomous aldosterone
secretion that presents as hypertension and hyperkalemia
are rare in ACC. Nonspecific symptoms include local
tumor growth, abdominal or flank pain, early satiety, and
abdominal fullness (5,6,20). The average size of the tumor
at diagnosis is approximately 10 to 13 cm (5,21). Only
a minority of them present <6 c¢m, and only 3% of the
cases present as tumors <4 cm (5,21). Typical symptoms of
cancer such as cachexia and night sweats are rare. Although
paraneoplastic symptoms are also rare, tumor-related,
IGF-2 mediated hypoglycemia (i.e., Anderson’s syndrome)
is a common symptom. Tumor chemokines can also cause
hyperreninemic hyperaldosteronism, erythropoietin-
associated polycythemia, and leukocytosis. ACC can also
cause deep venous thrombosis and pulmonary embolism.
Up to 70% of tumors present with biochemically apparent
adrenocortical hormone production. Imaging studies have
improved the rate of early diagnosis of ACC that present
with other medical conditions (5,6).

Staging

The staging system for ACC, introduced by the
World Health Organization in 2004, was based on the
modifications on the traditional McFarlane by Sullivan
(Tuble 1). However, it is not widely used due to severe
shortcomings. The widely adopted staging of ACC is by
the European Network for the Study of Adrenal Tumors
(ENSAT) due to its correlations with clinical outcomes

(Table 2) (5,18,22).

Differential diagnosis

The main differential for hypercortisolism includes
ACTH independent cortisol-producing adenomas and
ACC. The mineralocorticoid excess can be due to bilateral
adrenal hyperplasia or adrenocortical autoantibodies.
Hyperandrogenemia can be seen in the polycystic ovarian
disease, ovarian hyperthecosis, and congenital adrenal
hyperplasia. The NIH has established guidelines for
evaluating incidentally discovered adrenal mass. For adrenal
lesions >4 cm, the main differential diagnosis includes
ACA, myelolipoma, adrenal metastasis of another tumor,
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Table 1 WHO TNM staging of ACC (16,17)
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Stage Description Relation to adrenal gland

Stage 1 Tumor size is <6 cm  Confined within adrenal gland

Stage 2 Tumor size >5 cm Confined within adrenal gland

Stage 3 Tumor spread to the surrounding tissue including para adipose tissues and adjacent organs
Stage 4 Distant metastasis

ACC, adrenocortical carcinoma; TNM, primary tumor, lymph node, distant metastasis; WHO, World Health Organization.

Table 2 ENSAT TNM staging of ACC (16,17)

Primary tumor (T)
Tx: primary tumor cannot be assessed
TO: No evidence of primary tumor
T1: <5 cm in greatest dimension, extra adrenal invasion absent

T2: >5 cm in greatest dimension, extra adrenal invasion absent

T3: tumor of any size with local invasion but not invading adjacent organs such as kidney, diaphragm, great vessels, pancreas and liver

T4: tumor of any size with invasion of adjacent organs such as kidney, diaphragm, great vessels, pancreas and liver

Regional lymph node (N)
Nx: regional lymph nodes cannot be assessed
NO: no regional lymph node metastasis
N1: positive regional lymph nodes
Distant metastasis (M)
MO: no distant metastasis

M1: distant metastasis

ACC, adrenocortical carcinoma; ENSAT, European Network for the Study of Adrenal Tumors; WHO, World Health Organization.

pheochromocytoma, adrenal cyst, ganglioneuroma, sarcoma,
and lymphoma. Adrenal cysts could be a cystic ACC, benign
cysts such as bronchogenic or retroperitoneal cyst, and
cystic pheochromocytoma. Adrenal pheochromocytoma
can be differentiated biochemically. Except for adrenal
lymphoma, large adrenal tumors are further evaluated by
surgical resection (23,24).

Management
Evaluation

At the time of presentation, a detailed history taking with
attention to the history of symptoms of hormonal excess
such as cushingoid features, hirsutism, and hypertension
and family history of possible hereditary influence is the

© Translational Cancer Research. All rights reserved.

first step of evaluation. It is followed by a thorough physical
examination for the evaluation of ACC (5).

Biochemistry

Biochemical testing helps to rule out the diagnosis of
hormonal excess, helps to decide if further invasive
procedures are needed to rule out the adrenocortical origin
of the tumor, differentiate between androgen or estrogen
production, to adopt steroid hormones as tumor markers
for follow-up and surveillance, and to decide on postsurgical
hydrocortisone replacement therapy. Blood and urine tests
help to identify functional versus nonfunctional tumors.
Measurement of steroid hormones is the hallmark for the
biochemical evaluation of the ACC. Hypercortisolism
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is measured by a 1-mg dexamethasone suppression test,
midnight salivary cortisol, or 24-hour urine cortisol.
Aldosterone production is measured via plasma renin
activity and serum aldolase levels. Hyper androgen
production is measured by dehydroepiandrosterone
sulfate and total or available testosterone levels.
Pheochromocytoma is measured via 24-hour urine or
plasma metanephrine and normetanephrine. Measurement
of other enzymes is debatable. It is inconclusive whether
urinary gas chromatography-mass spectroscopy steroid
profile would provide superior diagnostic accuracy.
Earlier urinary androgen and androgen precursors such as
11-deoxycortisol metabolites, and dehydroepiandrosterone
were used as tumor markers (25). Recently, Arlt et al.
reported that the levels of urinary steroid metabolites and
precursors were significantly different in benign adrenal
tumors versus ACC, and 11-deoxycortisol metabolite
tetrahydro 11-deoxycortisol is the most useful tumor
marker for surveillance and follow-up of ACC (26).

Imaging

Contrast-enhanced computed tomography (CT) or
magnetic resonant imaging (MRI) are the standard imaging
modality for diagnosis, staging, and follow-up. Functional
imaging using positron emission tomography (PET),
fluorodeoxyglucose (FDG), and mitotane might be used.
Tumors sized 3 to 10 cm can be diagnostically challenging
with imaging techniques; some present as incidentaloma.
A heterogeneous adrenal mass >4 cm with any imaging
characteristics of malignancy should undergo complete
imaging and surgical evaluation. Ultrasound imaging
is valuable to detect liver metastasis and follow-up. All
suspected patients are required to undergo a chest CT to
rule out pulmonary metastasis (12).

CT and MRI

CT with delayed contrast media washout with a 50%
washout cut-off and an absolute value of >35 Hounsfield
unit (HU) after 15 minutes have superior diagnostic
accuracy than other means (12). If HU is <10, this indicates
a benign adenoma according to studies published in the
last 15 years. ACC presents as a large heterogeneously
enhancing mass of soft-tissue attenuation. Two to 10% of
the cases are bilateral (6,17). Specific findings in CT include
large mass size, high density (i.e., >10 HU), intramural
necrosis, and irregular shape and margins (13). Metastatic
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tissues can be found in the liver, lungs, lymph nodes,
renal vein, and inferior vena cava. Nine to 19% of cases
present with inferior vena cava invasions. ACC appears to
be hypointense to isointense relative to liver parenchyma
on T1 weighted images and hyperintense relative to
T2 weighted images on MRI. Irregular peripheral
heterogeneous enhancement with central non-enhancing
area secondary to hemorrhage or necrosis is usually found
in contrast-enhancing imaging. CT imaging also captures
calcifications in almost 30% of cases as high attenuating
foci (22). Intracellular lipid and macroscopic fat are also
found in some conditions. While contrast-enhanced CT is
an ideal imaging modality for disease staging and metastatic
spread, MRI with its multiplanar capability is better equipped
for identifying direct invasion of adjacent organs (27).

[°*FIFDG PET/CT imaging

Groussin er a/. reported a study of 77 patients, which
showed that [*FJFDG PET/CT imaging has a sensitivity
of 100% and a specificity of 88%, differentiating benign
and malignant adrenal tumors with a cut-off value of 1.45
for adrenal-to-liver maximum standardized uptake value.
It is useful in staging ACC and evaluating local recurrence.
Still, it is a complementary imaging modality due to its
limitations such as the inability to distinguish between
adrenal versus nonadrenal masses and detecting small
adrenal lesions (28).

Newer imaging techniques under investigation

Todometomidate is being considered as a highly specific
tracer for adrenocortical tissue imaging (29). Proton
magnetic resonance spectrometry is another modality that
is being studied for differentiating ACC from other lesions
with higher accuracy than conventional means (22).

Pathology

The main distinctive feature of ACC is an invasion of the
tumor into the adrenal soft tissues, lymphatic channel, and
the blood vessels, which can extend up to the inferior vena
cava and the right side of the heart. Other features include
changes in growth pattern, the presence of tumor necrosis,
increased mitotic rate, and the presence of atypical mitotic
figures. Reticulin staining is used to highlight the disruption
of the reticulin network. Proliferation immunomarkers
such as Ki67 are also used for the diagnosis of ACC.
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Immunostains that provide adrenocortical differentiation
include alpha inhibin, calretinin, synaptophysin, melanin A,
and steroidogenic factor (30).

Molecular pathology

Using the transcriptome analysis to detect genes
expressed can discriminate ACC from ACA. It also helps
differentiate carcinoma into various prognostic groups.
For stage 1 to stage III ACC, molecular classification can
better discriminate poorer outcomes of ACC (30). For
histopathological diagnosis, SF1 has emerged as the most
valid marker (15,17). A proliferation index, such as Ki67
immunomarker or mitotic count, can help to define the
diagnosis and prognosis of ACC, and recently, studies
showed that Ki67 is a powerful prognostic marker for local
and advanced ACC to guide treatment decisions (31,32).

Clonality

Genetic assessment with flow cytometry has proven
that aneuploidy was observed in ACC tumors (33). The
assessment of aneuploidy with histopathologic criteria of 9
adrenal tumors revealed 7 of them had a high Weiss score
of >3, indicative of malignancy (34).

Chromosomal aberrations

Comparative genomic hybridization studies have proven
that genetic diversity due to loss and gain of chromosomes
such as genomic aberrations in chromosome 5, 12, and
17 are predicted to harbor genes and initiate neoplastic
transformation (35,36).

Epigenetic variations

Hypermethylation of promoters and silencing of genes
H19, PLAGLI1, G0S2, and NDRQG2 is correlated with poor
survival in ACC (36).

Gene expression profiling

Global gene expression studies have identified that
expression levels of BUBIB and PINKI1 alone help in
identifying different subgroups of ACC with different
survival rates, and expression levels of DLG7 and PINK1
help in identifying subgroups of ACC with distinct disease-
free survival irrespective of their tumor staging (37,38).
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MicroRNAs

miRNAs are small, noncoding 18- to 25-nucleotide RNAs
vital in posttranscriptional regulation of gene expression and
various cellular processes such as proliferation, apoptosis,
and differentiation. Studies have reported that upregulated
miRNA in ACC includes miR-184, miR-210, and
miR-503 and down-regulated miRNA includes miR-214,
miR-375, and miR-511. To differentiate between benign
and malignant adrenal lesions, the determination of the level
of miR-184, miR-503, and miR-511 can be used. They have
100% sensitivity and up to 97% specificity (39). In pediatric
studies, miR-483, located in the intron of the IGF2 was
found to be upregulated while miR-99a and miR-100 that
target the 3'-untranslated regions of IGF1R, RPTOR, and
FRAP1 (mTOR) was found to be downregulated (40).

Prognosis of ACC

The prognosis of ACC was previously believed to be
quite poor. Some studies estimate an average overall
survival in patients with ACC is 14.5 months with a 5-year
mortality rate of about 75% to 90%, and median survival
for metastatic disease (stage IV) at the time of diagnosis is
<1 year. Another study reports a 35% to 58% 5-year
survival rate for ACC, while yet another study reports 37%
to 47% S-year survival rate. Furthermore, it is worth noting
that only about 30% of ACC cases are curable at early
stages, which further implied the overall poor prognosis of
ACC (1,11,12).

Metastases of ACC has been detected in the liver in
48% to 85% of cases, in the lungs in 30% to 60% of
cases, lymph nodes in 7% to 20% of cases, and bones in
7% to 13% of cases (12). Of note, however, was the poor
sample size of ACC patients due to the relatively smaller
prevalence of patients, which made ascertaining prognosis
more difficult in the past. More recently, different studies
have shown that ACC clinical presentation, survival, and
prognosis is quite heterogeneous, ranging from short-
term to long-term survival. The Union for International
Cancer Control and the ENSAT each developed different
staging systems. This work led to the understanding that
three main criteria determine disease-free survival in stage
I-III ACC cases and overall survival in stage IV ACC, as
follows: (I) staging; (I) resection status; (III) grading of the
tumor based on Ki67 proliferation index and mitotic count
(14,41,42).

Based on the ENSAT staging system, there was a 66% to
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82% S5-year survival rate in patients with stage I ACC, 58%
to 64% 5-year survival rate in patients with stage II ACC,
24% to 50% S5-year survival rate in patients with stage
IIT ACC, and 0% to 17% 5-year survival rate in patients
with stage IV ACC (14,41,43). Similarly, resection status
was shown to play a key role in the disease-free survival of
localized ACC cases. Patients who had completely resected
(RO) localized tumors were less likely to have a recurrence.
By comparison, those with incomplete microscopic
resection (R1), incomplete macroscopic resection (R2),
or unknown resection (Rx) were associated with overall
survival of 20% and 15%, respectively. Finally, tumor grade
plays a key role in understanding the prognosis of ACC
(14,41).

In 2018, Tella et al. obtained data from the National
Cancer Database of 3,185 patients with ACC to assess
the survival outcomes and predictors of survival. They
found an improved survival with surgical resection of the
primary tumor, irrespective of disease stage; however,
postsurgical chemotherapy or radiation was of benefit only
in stage IV disease. Also, lymphadenectomy was associated
with improved overall survival in stage IV disease and was
not associated with survival benefit in stage I to stage III
disease (44).

European studies of ACC patients have shown that
the proliferation index, Ki67, has been the single most
important factor in determining the recurrence of ACC in
patients following complete resection of a localized ACC
tumor (RO) for stage I-III ACC patients. Further research
suggests that stage I-1II, younger age, and low Ki67 are
positive predictors of recurrence-free survival (42). Similarly,
another large European study showed that tumor grading
as measured by Ki67 and the Weiss score were considered
important prognostic markers of overall survival in stage
IV ACC patients, which further confirmed data shown
by mitotic count in French studies (41). By comparison,
in adults, cortisol production, higher tumor stage (i.e.,
advanced stage III/stage IV), and more disordered tumor
grade have been identified as negative prognostic factors
in ACC with regards to overall survival and recurrence of
the disease (14). Moreover, older age (>45 years), distant
metastasis, and incomplete resection have been shown to be
associated with poor survival (11).

ENSAT staging of ACC led to better predictive value in
the prognosis of ACC patients. However, it still presented
with some pitfalls such as not accounting for severe invasion
into the inferior vena cava or N status (i.e., Nodal invasion),
both of which were found to behave in a pattern more like
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stage IV ACC (42). Therefore, a modified ENSAT staging
system was developed to evaluate advanced stage III to stage
IV ACC cases. In this modified ENSAT staging system, the
presence of positive N status moved from stage III to stage
IV. The modified ENSAT stating system also accounted
for the number of tumor organs and GRAS factors such as
tumor grade (Weiss score <6 or >6 or Ki67 <20% or >20%),
resection status of the primary tumor (RO, R1, R2, Rx), age
(<50 or >50 years old), and presence or absence of tumor-
related or hormone-related symptoms at time of diagnosis (42).
These criteria have been shown to play key roles in the
determination of overall survival as well as in recurrence of
stage I-III localized ACC cases (42).

Recent studies have focused on further understanding the
molecular pathophysiology of ACC to look for molecular
markers that may further provide evidence as prognostic
factors. Some candidates in this direction include molecular
drivers of ACC such as TP53, ZNRF3, and B-catenin, as
well as looking at hypermethylation status and microRNA
profiles such as miR-483-5p. TP53, SF1, and CpG islands
with extensive hypermethylation have all been shown to
be affiliated with poor or impaired prognosis. Clustering
of DNA methylation profiles defined two groups: CpG
island methylator phenotype (CIMP) and non-CIMP. The
CIMP group was further classified into high CIMP and
low CIMP. Hypermethylation proved to be an important
prognostic factor for both disease-free survival and overall
survival of ACC patients. This was further shown in
the multivariate analysis that included ENSAT staging
and Ki67 proliferation index. Furthermore, high CIMP
phenotypes were also shown to be found in Cla/x and Cal/
p53 tumors (aggressive tumor subgroups) versus the non-
CIMP phenotype which was observed in Cla/b-catenin and
C1b tumors (14).

Similarly, the miRNA sequences miR-195 and miR483-
5p have been shown in serum to serve as biomarkers of
aggressive ACC, associated with poor prognosis (14,17).
By comparison, IGF-II, H19, and CDKNI1C have shown
no clear relationship to prognosis due to the near-uniform
overexpression of IGF-1II in ACC cases, accounting for
90% of ACC cases (14,17). miRNA profiles give rise to 3
stable tumor clusters associated with different hierarchical
clustering patterns of miRINA expression profiles, and each
are associated with a different prognosis. Mil tumors had
the largest difference of miR expression in normal adrenal
tissue along with Mi2 cluster tumors and C1b tumors (i.e.,
less aggressive tumors with better prognosis and outcomes).
Mi3 clustering belonged to Cla tumors, which were more
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aggressive proliferating tumors with poor prognosis (14).
More recently, transcriptome data have ascertained a
relationship between the expression of DLG7 and PINK1
with disease-free survival, overcoming the uncertainties
of intermediary Weiss score classified tumors. Likewise,
BUBIB and PINKI1 were shown to be the best predictors
of overall survival in more aggressive/malignant tumors.
Additionally, there has been a correlation between TOP2A,
Ki67, EXH2, and cyclin Bl staining with overall survival.
The presence of a precise genetic pattern (i.e., large
chromosomal gains at 5, 7, 12, and 19 and chromosomal
losses at 1, 2, 13, 17, and 22) are associated with better
prognosis. Three different subgroups of Cla tumors
consisted of TP53 mutations (Cla/p53), B-catenin
cytoplasmic, and nuclear accumulations (Cla/B-Catenin),
and Cla tumors with mutations that were mutations other
than p53 or p-Catenin mutations (Cla/x). Although all
three subgroups followed different tumorigenesis processes,
they were equally associated with poor prognoses (14,41).

Treatment

The management of ACC poses a unique challenge as it
involves oncologic and endocrine issues. Except for 1 trial,
treatment guidelines are based on retrospective studies and
nonrandomized trials, and, therefore, the level of evidence
is grade II to grade IV (45).

Surgery

The mainstay of treatment for ACC is surgery. All patients
with stage I or II and most with stage III should be
amenable to radical resection. Only half of the diagnosed
ACC cases have potentially resectable tumors. A radical
resection induces a temporary cortisol deficiency in patients
with cortisol-secreting ACC who require glucocorticoid
replacement postoperatively. Debulking surgery helps with
hormonal control before initiating systemic therapy. During
surgery, standard oncologic resection practices (e.g., en bloc
adrenal gland resection, margin-free resection, no tumor
spillage, and conversion to laparotomy in case of difficult
dissection) must be duly followed. In the case of recurrent
cases, surgery is recommended for patients with favorable
prognosis, including a disease-free interval of longer than
6 to 12 months, and an achievable RO resection. Surgery
for palliative and metastatic cases is considered according
to prognostic factors. Expected postoperative mortality for
patients with ACC is <5%. Re-surgery is recommended
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for R2 resection. Locoregional lymph node resection may
improve diagnostic accuracy and therapeutic outcome. A
multivariate analysis found a significant reduction in the risk
of tumor recurrence [hazard ratio (HR) =0.65] and disease-
related death (HR =0.54) in patients with locoregional
lymph node resection compared to patients who have not
undergone locoregional lymph node resection. Neoadjuvant

therapy is recommended only if complete resection is not
feasible (6,45).

Chemotherapy

Platinum-based chemotherapy is the gold standard for
metastatic ACC, and immunotherapy is the new mode of
treatment. In instances of inoperable cases, the primary
tumor can be treated with external beam radiation for
palliative treatment. Lack of resection with a vena caval
thrombus can lead to death. The first report of mitotane
describes the destruction of zona glomerulosa and
zona reticularis in the adrenal gland of dogs receiving
mitotane and thereby demonstrating marked reduction of
glucocorticoids and 17 hydroxycorticoids even after ACTH
stimulation (46). The First International Randomized
trial in locally advanced and Metastatic ACC Treatment
(FIRMACT) study established the combination of mitotane
with etoposide-doxorubicin-cisplatin as the standard
therapy for advanced diseases (47). Another study reported
that adjuvant mitotane is associated with decreased
recurrence and decreased survival (4,48,49). However, the
patients in the mitotane group had the worst prognostic
factors such as more stage IV cases and more secreting
tumors. Hypercortisolism is treated with mitotane,
which is an adrenolytic with inhibitory effect on adrenal
steroidogenesis. The usual dosage of mitotane is 500 mg.
For recurrent ACC, mitotane with cisplatin is considered
with 3 cycles of 80 mg/m’ cisplatin (43).

Mitotane can cause steroid abnormalities via CYP11B1
and CYP11A1 inhibition, CYP3A4 and increased 6-beta-
hydroxylation of cortisol, and induction of cortisol binding
globulin. Side effects of the use of mitotane include
gastrointestinal and neurologic abnormalities. Cortisol
supplementation is required for the gastrointestinal adverse
effect of mitotane. Contraception is recommended during
mitotane therapy. Vitamin K antagonist supplementation
and combined antitumor therapies are recommended with
mitotane treatment. Mitotane plasma monitoring with the
objective of reaching 14 to 20 mg/dL is recommended for
ACC management, as it has a high volume of distribution
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and low clearance due to it being a lipophilic drug with
fatty tissue concentration 200 times as high as in plasma
concentration. Adaptive dosing of the individual based
on age, sex, body mass index, lean body mass, and renal
function is recommended (50).

Steroidogenesis enzyme blockers such as ketoconazole
and metyrapone are also used in the management of the
disease. Glucocorticoid antagonist such as mifepristone
is used as a glucosteroid blocker. Hyperaldosteronism is
controlled by spironolactone and eplerenone. Sodium
and renal function must be monitored during treatment
with spironolactone. Androgen excess is treated with
spironolactone, bicalutamide, or flutamide, while estrogen
excess is treated with estrogen receptor antagonist and
aromatase inhibitors (51). Targeted therapy may also be
employed for the management of ACC, although studies
on targeted therapy and salvage treatment have not shown
promising results. The first trials targeted epidermal growth
factor receptor gefitinib and a combination of erlotinib and
gemcitabine. Among vascular endothelial growth factors,
sunitinib exhibited modest anti-tumor effect in a Phase 2
trial. VEGF should be administered in patients without
mitotane treatment (50,51).

Radiation therapy

Radiation therapy is used for palliation and as adjuvant
therapy, and it is not a mainstay of treatment, given that
cancer cells are not easily killed by radiation. The timing
of radiotherapy as an adjuvant is usually 4 to 6 weeks after
the initial surgical resection. Loco-guided regional therapy
including interventional radiology technique is used to
control tumor growth and improve secretory status. Other
therapies including radiofrequency ablation, cryotherapy,
and transarterial chemoembolization are effective in curing
small metastatic lesions in the liver, lung, and bone tissue

(50,51).

Surveillance

Patients should be followed up every 3 months during and
after initial treatment. After the first 2 years, the imaging
interval is increased. Follow-up is recommended up to
10 years after the surgical resection of the primary tumor.
Genetic counseling is recommended, as ACC is associated
with a germline mutation in TP53 and Li-Fraumeni
syndrome, which includes MLH1, MSH2, MSH6, PMS2
mutations (50,51).
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Future perspective

Personalized therapy, including identifying the actionable
target in each patient, is the future of ACC management.
The knowledge base of ACC is evolving based on the
basic science and clinical trials conducted by worldwide
groups such as COMITE of France, ENSAT of Europe,
the TCGA project, and the American Australian Asian
Adrenal Alliance. The first industry-sponsored randomized
placebo-controlled double-blind Phase 3 clinical trial
(GALACTICC) also brought about knowledge to advance
the management of the trial. Beta-catenin signaling, p53/Rb
pathway, chromatin remodeling, targeted gene therapy on
CTNNBI, and TP53 are promising avenues for the study.
The rarity of ACC makes Phase 3 clinical trials challenging.
Future studies should aim at clear molecular and clinical
standardization. Recommended therapeutic strategies
should be prospectively recorded. Mitotane therapeutic
levels should be recorded at the time of new therapeutic
evaluations. Phase 1 studies in patients with ACC must
be implemented. In Phase 3 studies, implementation of
stratification of mitotane receptors as well as prognostic
parameters must be considered. The FIRM ACT and
GALACCTIC trial are some of the new studies that are
aiming to improve the standard of care of ACC.
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