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Adrenocortical carcinoma (ACCQ) is a rare endocrine malignancy, often with an unfavorable prognosis. Here we
summarize the knowledge about diagnosis, epidemiology, pathophysiology, and therapy of ACC. Over recent
years, multidisciplinary clinics have formed and the firstinternational treatment trials have been conducted. This
review focuses on evidence gained from recent basicscience and clinical research and provides perspectives from
the experience of a large multidisciplinary clinic dedicated to the care of patients with ACC. (Endocrine Reviews

35: 282-326, 2014)
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l. Introduction

n recent years, it has become evident that patients with
malignant disease are best cared for by multidisci-
plinary teams of physicians and associated healthcare pro-
viders. This is particularly true for rare disorders such as
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adrenocortical carcinoma (ACC). The care for patients with
rare diseases by the nonexpert is often based on extrapola-
tion from other more common diseases or from the scarce
evidence available through the medical literature. The for-
mation of dedicated multidisciplinary clinics providing care
for a larger referral community (eg, state- or nationwide) is
a crucial step in gathering, preserving, and enhancing knowl-
edge about these uncommon disorders. These multidisci-
plinary clinics have become essential for the exchange of sci-
entific and clinical knowledge, the coordination of
international multicenter trials, and the ultimate enrichment
of evidence-based care for patients with rare disorders.

A multidisciplinary team that can provide high-level
care for ACC patients ideally consists of endocrinologists,
endocrine surgeons, medical and radiation oncologists,
pathologists, radiologists, nuclear medicine physicians,
and genetic counselors as well as clinical research coordi-
nators. At the University of Michigan Health Systems, a

Abbreviations: ACA, adrenocortical adenoma; ACC, adrenocortical carcinoma; ALT, ala-
nine aminotransferase; APC, adenomatous polyposis coli; AST, aspartate aminotransfer-
ase; BWS, Beckwith-Wiedemann syndrome; CAH, congenital adrenal hyperplasia; CBG,
cortisol binding globulin; CGH, comparative genomic hybridization; CT, computed to-
mography; CYP11B1, cytochrome P450 family 11 subfamily B1; DHEAS, dehydroepiandro-
sterone sulfate; DST, dexamethasone suppression test; EDPM, etoposide, doxorubicin,
cislatin, mitotane; ENSAT, European Network for the Study of Adrenal Tumors; FAP, familial
adenomatous polyposis; FDG, fluorodeoxyglucose; GGT, y-glutamyl transferase; Gl, gas-
trointestinal; HPF, high-power field; HU, Hounsfield units; IGF-1R, IGF-1 receptor; IMTO,
iodometomidate; LA, laparoscopic adrenalectomy; LFS, Li Fraumeni syndrome; LOH, loss
of heterozygosity; MEN1, multiple endocrine neoplasia type 1; miRNA, microRNA; MRI,
magnetic resonance imaging; MTO, metomidate; OA, open adrenalectomy; PET, positron
emission tomography; QOL, quality of life; RFA, radiofrequency ablation; SEER, Surveil-
lance, Epidemiology, and End Results; SUV, standardized uptake value; TACE, transarterial
chemoembolization; TP53, tumor protein 53; VEGF, vascular endothelial growth factor;
VEGFR, VEGF receptor; WNT, wingless-type.
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Figure 1. Flow chart for ACC therapy. Abbreviations: Dx, diagnosis; XRT, radiation therapy.

multidisciplinary endocrine oncology program, mainly
caring for patients with ACC has been in place for over 10
years. This current review is a result of discussions and
experiences in our clinic. It aims to gather and present the
evidence in diagnosis and therapy of ACC and to provide
expert opinions where evidence is lacking. Figure 1 serves
as a summary of the diagnosis of and therapy for ACC.

Il. Epidemiology

Adrenal tumors are very common, affecting 3% to 10% of
the human population, and the majority are small benign
nonfunctional adrenocortical adenomas (ACA) (1). ACC,
in contrast, is a very rare disease. The National Institutes
of Health Office of Rare Diseases Research defines rare
diseases by a prevalence of fewer than 200 000 affected
patients in the United States (2). According to this defini-
tion, ACC might be regarded as an ultrarare disease. The

incidence is believed to be 1 to 2 per million per year, but
valid data are lacking (3). The Surveillance, Epidemiology,
and End Results (SEER) database provides an estimation
of incidence of approximately 0.72 per million cases per
year leading to 0.2% of all cancer deaths in the United
States (4). In Southern Brazil, the incidence during child-
hood is 2.9 to 4.2 per million per year compared with an
estimated incidence of 0.2 to 0.3 per million children per
year worldwide (5). This is mainly attributed to the high
prevalence of the p.R337H low-penetrance allele of TP53
(6-8).

The median age of diagnosis is in the fifth to sixth de-
cade, with the German ACC Registry reporting a median
age at diagnosis of 46 years (9). This is in accordance with
a median age of 46 years in a large single center series in
France (10). Analysis of the SEER database gives a slightly
older mean age of 55 years (11). Whether a second peak of
increased incidence during childhood can be detected
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seems to be dependent on the prevalence of regional pre-
disposing factors and biases (12, 13). A bimodal distribu-
tion was definitely observed in a concise review of case
series reported and in the SEER data (13, 14). The fact that
1.3% of all childhood cancers are ACCs as opposed to
0.02% to0 0.2% of adult cancers confirms a higher relative
incidence early in life (12, 15-17). In the adult as well as
in the pediatric population, there is a predilection for the
female gender (the ratio of female to male ranges from
1.5-2.5:1) (10, 17). Aside from genetic predisposition (see
below), no risk factors have been firmly established. A
review of data from the 1986 National Mortality Follow-
back Survey identified smoking in men and contraceptive
use in women, especially before age 25 as risk factors (18).
A role of estrogens has also been suggested by the obser-
vation of a probable relative increase of diagnosis of ACC
during pregnancy (10, 19). Interestingly, recent in vitro
studies confirm growth-promoting effects of estrogen on
the ACC cell line NCI-H295 (20).

Ill. Genetic Predisposition

Epidemiological data on ACC from larger cancer registries
is sparse, and they are often grouped with other endocrine
malignancies, which makes analysis challenging (21, 22).
In addition, detailed analyses of ACC patients’ family his-
tories have not been systematically conducted. However,
there are certain clinical features supporting genetic pre-
disposition. ACC appears to be relatively more common in
children (6, 17). There are several descriptions of coexis-
tence of childhood ACC and other tumors (23). In the
adult population, the proportion of second malignancies
is about 10% to 20% (24-26). However, no association
or specific tumor pattern has been cataloged in previous
studies. In roughly 2% to 10% of ACC patients, a con-
tralateral tumor is present, in some cases probably pre-
senting a synchronous and in other cases a metachronous
ACC. It is of course difficult to determine whether the
contralateral tumor is an independent primary tumor vs a
metastasis to the contralateral gland. Clonal analyses sup-
porting either of these theories are currently lacking, and
there are only occasional reports supporting the diagnosis
of 2 different primary ACCs (27).

The relative increase in incidence in childhood is mainly
explained by germline TP53 mutations, which are the un-
derlying genetic cause of ACC in ~50% to 80% of chil-
dren with ACC (Table 1)(28-30). Childhood ACC is a
core malignancy of Li Fraumeni syndrome (LFS). Other
core cancers are choroid plexus tumors, sarcomas, early-
onset breast cancers, brain cancers, and leukemias. Ap-
proximately 3% to 10% of LFS-associated cancers are
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ACCs, suggesting that germline TP53 mutations infer a
significant relative risk increase (31, 32). Therefore, ac-
cording to the Chompret testing criteria, TP53 germline
testing is recommended for any patient with a diagnosis of
ACC (33, 34). However, the contribution of germline
TP53 mutations to ACC development in adults had been
not well researched until 2 recent studies determined the
prevalence of TP53 mutations between 3% and 7% in the
adult population (35, 36). Most importantly, TP53 germ-
line testing should not be dismissed because of the absence
of a family history. Up to 25% of TP53 mutations occur
de novo, and these patients lack a significant family his-
tory (34). Because of the impact of a diagnosis of LFS for
the patient and at-risk relatives, TP53 germline testing
should be considered in all ACC patients. Adjuvant ra-
diotherapy should be considered with caution for muta-
tion-positive patients because of the increased risk of sec-
ondary malignancies in the radiation field. Most TP53
mutations affect the DNA binding and tetramerization
domains (14). One particular hot spot mutation has been
described to date, which is the low-penetrance tetramer-
ization domain p.R337H mutation in Southern Brazil (14,
37-39). Although it was initially believed that this muta-
tion specifically predisposes to ACC development in child-
hood, it is now well recognized that this mutation causes
other LFS-associated tumors as well as a Li Fraumeni-like
syndrome in affected families (37). The p.R337H muta-
tion was initially considered not to be a result of common
ancestry; however, recent analyses suggest a founder effect
in most cases, although in some cases, de novo mutations
may still exist (7, 39). The high frequency of germline
mutations in the Southern Brazilian population has also
recently been confirmed in a population-based screening
study (40).

Beckwith-Wiedemann syndrome (BWS) spectrum dis-
orders, such as classical BWS and idiopathicisolated hemi-
hypertrophy, also increase the risk for ACC (Table 1). The
underlying genetics of these syndromes are complex. A
hallmark is alterations of DNA methylation of the 11p15
locus, which harbors the coding regions for IGF2, the cell
cycle regulator CDKN1C, and the nontranslated RNA,
H19 (41). The common sequelae of all these changes are
anupregulation of IGF2 expression and a downregulation
of the other two transcripts (41). The main adrenal phe-
notype as initially described by Beckwith is adrenocortical
cytomegaly (42). Several benign and malignant tumors are
classically associated with BWS. Specifically, the risk for
Wilms’ tumor and hepatoblastoma is increased, and reg-
ular screening for these cancers is recommended during
childhood. The most frequent macroscopic adrenal pa-
thologies described are adrenal cysts and ACAs (43). Al-
though data vary significantly, ACC comprises 5% to
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Table 1. Hereditary Syndromes in Patients with ACC
Prevalence in General
Syndrome Prevalence in ACC Patients Population Gene Mutation Other Phenotype
LFS Common (3%-7% of adults, 1:20 000 to 1:1 000 000 (358) TP53 Sarcoma, choroid plexus tumor,
50%-80% children) brain cancer, early breast

cancer, leukemia, lymphoma

MEN1 Rare (1%-2% of adults) 1:30 000 (359) MENIN Foregut neuroendocrine
tumors, pituitary tumors,
parathyroid hyperplasia,
collagenoma, angiofibroma,
adrenal adenoma/hyperplasia

Lynch syndrome 3% of adults 1:440 MSH2, MSHS, Colorectal cancer, endometrial

MLH1, PMS2 cancer, sebaceous

neoplasms, ovarian cancer,
pancreatic cancer, brain
cancer

BWS Very rare, only children 1:13 000 (360-362) IGF2, CDKN1C, H19  Wilms' tumor, hepatoblastoma,

FAP Very rare (<1%)

Neurofibromatosis ~ Very rare (<1%)
type 1

Carney complex Very rare (case reports)

1:30 000 (363-365) APC

1:3000 (366, 367)

~700 patients worldwide (368) PRKARTA

macrosomia, adrenocortical
cytomegaly, adrenal
adenoma, adrenal cyst,
hemihypertrophy,
macroglossia, omphalocele,
ear pits

Intestinal polyps, colon cancer,
duodenal carcinoma, thyroid
cancer, desmoid tumor,
adrenal adenoma,
supernumerary teeth,
congenital hypertrophy of
the retina, osteoma,
epidermoid cysts

NF1 Malignant peripheral nerve
sheet tumor,
pheochromocytoma, café au
lait spots, neurofibroma,
optic glioma, Lisch nodule,
skeletal abnormalities

Primary pigmented nodular
adrenal disease, large-cell
calcifying Sertoli cell tumors,
thyroid adenoma, myxoma,
somatotroph pituitary
adenoma, lentigines

locus changes on
11p15

15% of malignancies in BWS (43, 44). Due to the low
overall incidence (<1% of children with BWS will develop
an ACC), no specific screening recommendations for ACC
exist. As observed with other embyronal tumors that ex-
hibit a developmental window of presentation, the cancer
risk of children with BWS decreases through adolescence
and then remains at the level of the general population.
Multiple endocrine neoplasia type 1 (MENT1) is caused
by mutations in the MENIN gene on chromosome 11q13.
Its classical manifestations are hyperparathyroidism,
caused by 4-gland hyperplasia, foregut neuroendocrine
tumors (most commonly in the pancreas and duodenum,
but also thymus and lung), and pituitary adenomas (pro-
lactinomas are most common). Associated adrenal le-
sions, mainly ACAs and uni- or bilateral hyperplasia, oc-
cur in 20% to 55% of MENT1 cases (45-48). Although

hormone production has been well-described for adrenal
tumors in MEN1, most of the tumors are nonfunctional.
A small fraction of patients with MEN1 will develop ACC
(46-51). Recent analysis of a French multicenter registry
determined that ~10% of MENT patients have distinct
adrenal tumors, and of these, up to 14% are malignant
(48). These are usually characterized by relatively fast
growth, but no other predictive factors have been estab-
lished. The current guidelines do not recommend regular
monitoring of the adrenal glands in this setting. However,
because development of ACC from preexisting adrenal
lesions has been well described in MEN1, special attention
should be given to these organs during annual or biennial
imaging of the pancreas for neuroendocrine tumors (52).

ACC has also been reported in patients with Lynch
syndrome (53-56). Lynch syndrome is caused by muta-
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tions in genes involved in DNA mismatch repair genes
MSH2, MSH6, PMS2, MLH1, and TACSD1/EPCAM.
Patients with Lynch syndrome have a significant increase
in lifetime risk of cancer, specifically for the core malig-
nancies, colorectal and endometrial cancer (57). Screening
for Lynch syndrome is recommended in all patients with
colorectal cancer (58). This includes immunohistochem-
istry for the 4 gene products as well as microsatellite
instability analysis. The vast majority of Lynch syndrome-
associated colorectal cancers show loss of immunostain-
ing for atleast 1 of the gene products and are microsatellite
unstable (59). Screening has been proven cost-effective,
and surveillance for colon cancer with regular colonosco-
pies significantly decreases morbidity and mortality in af-
fected patients (60, 61). Recently, a systematic analysis has
defined the prevalence of Lynch syndrome in patients with
ACC to be ~3%, comparable to the prevalence in colo-
rectal and endometrial cancer, estimated at 2% to 5%
(62). Immunohistochenistry was informative in most cas-
es; however, all tested ACCs were microsatellite stable at
the usual microsatellite markers. Routine screening for
Lynch syndrome in ACC tumors by immunohistochem-
istry may be warranted regardless of family history.

There are several reports of ACCs in patients with fa-
milial adenomatous polyposis (FAP), neurofibromatosis
type 1, and Werner syndrome (63-72). Most recently,
ACC has also been reported in 2 cases of patients with
Carney complex (73, 74). Some cases of ACC in conjunc-
tion with congenital adrenal hyperplasia (CAH) have been
described (75). However, the co-occurrence of a rare tu-
mor and a fairly common genetic syndrome make this
association unconvincing at this point (76). Furthermore,
there is currently no support for this association from large
CAH registries. However, it has become clear over the last
decade that patients with CAH commonly develop adre-
nal myelolipomas (77).

Understanding the relationship between ACC and he-
reditary cancer syndromes has been valuable in revealing
mechanisms of tumorigenesis and identifying new targets
for therapy. For example, the relation of adrenal tumors
with FAP led to the discovery of the role of B-catenin
signaling in adrenal tumors. The relation of ACC to BWS
together with findings from gene expression arrays led to
the hypothesis that the IGF-1 receptor may be a target for
ACC therapy. This hypothesis has now been tested in sev-
eral phase 1 to phase 3 clinical trials (78).

In terms of clinical recommendations, it is the authors’
opinion that every ACC patient should receive a basic
physical examination aimed at finding clues for hereditary
diseases. A minimum of a 3-generation family history
should be obtained with focused extension on second- and
third-degree relatives with malignancies. Every ACC pa-
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tient should be offered TP53 mutation screening, ideally in
the context of an evaluation by a professional genetic
counselor or clinical geneticist (36). Furthermore, any ad-
renal lesion observed in a patient with LFS, MEN1, Lynch
syndrome, BWS, or FAP should deserve a clinical and hor-
monal work-up as well as close follow-up imaging with an
increased suspicion for malignancy.

IV. Patient Presentation/Clinical Characteristics

There are 3 main clinical scenarios in which ACC patients
present. For 40% to 60% of patients, the major presenting
complaints are symptoms and signs of hormone excess (3,
9, 10). Another third present with nonspecific symptoms
due to local tumor growth, such as abdominal or flank
pain, abdominal fullness, or early satiety (9, 10). Roughly
20% to 30% of ACCs are incidentally diagnosed by im-
aging procedures for unrelated medical issues (25). Pa-
tients with ACC only rarely present with classical tumor
symptoms, such as cachexia or night sweats (3, 10). Para-
neoplastic syndromes are uncommon. However, tumor-
associated hypoglycemia is a well-described phenomenon,
historically termed Anderson’s syndrome, which may be
attributed to IGF-2-mediated hypoglycemia (79-81).
However, it is unclear why this symptom is less preva-
lent in the modern medical era. Other rare paraneoplas-
tic syndromes are hyperreninemic hyperaldosteronism,
erythropoietin-associated polycythemia, and leukocytosis
(caused by chemokine release from the tumor) (82—84).

Biochemically or clinically apparent adrenocortical
hormone production is evident in up to 45% to 70% (9,
10, 85). In these patients, symptoms related to the hor-
mone excess are the major cause for presentation, leading
to imaging and clinical investigation. However, syn-
dromes of hormone excess are often not readily recognized
by physicians, leading to delay in diagnosis and subse-
quent surgical and/or medical therapy.

Hypercortisolism is the most common presentation of
patients presenting with hormone excess (50%-80% of
hormone-secreting ACCs), causing classic symptoms in-
cluding plethora, diabetes mellitus, muscle weakness/at-
rophy, and osteoporosis. Frequently, very high cortisol
levels in ACC saturate the renal HSD11B2 system, result-
ing in glucocorticoid-mediated mineralocorticoid recep-
tor activation. Therefore, hypokalemia and hypertension
are commonly observed in ACC patients with hypercor-
tisolism. Together with pronounced muscle weakness,
these symptoms of rapidly progressive Cushing’s syn-
drome are generally indicative of a malignant adrenal tu-
mor. The second most commonly produced hormones in
patients with ACC are adrenal androgens (40%-60% of
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Table 2. Staging Systems for ACC (91)
Staging System
UICC/WHO ENSAT
Stage 1 T1, NO, MO T1, NO, MO
Stage 2 T2, NO, MO T2, NO, MO
Stage 3 T1-2, N1, MO T1-2, N1, MO
T3, NO, MO T3-4, NO, MO
Stage 4 T1-4, NO-1, M1 T1-4, NO-1, M1
T3-4, N1, MO
T4, NO, MO

Abbreviations: UICC, International Union Against Cancer; WHO, World Health
Organization.

Tumors are classified as follows: T1, =5-cm tumor; T2, >5-cm tumor; T3, tumor
infiltration into surrounding tissue; T4, tumor invasion into adjacent organs; NO,
no positive lymph nodes; N1, positive lymph node(s); MO, no distant metastases;
M1, presence of distant metastasis.

hormone-secreting ACCs), causing rapid-onset male pat-
tern baldness, hirsutism, virilization, and menstrual irreg-
ularities in women. Concurrent androgen and cortisol
production is evident in roughly half of all ACC patients
with hormone excess. However, isolated hyperandro-
genism in male patients is often unrecognized due to the
paucity of significant symptoms. Instead, it is the periph-
eral conversion of androgens to estrogens and/or the co-
secretion of estrogen from the ACC that induces signifi-
cant symptoms. Estrogen production occurs in 1% to 3%
of male ACC patients, causing gynecomastia and testicu-
lar atrophy (through suppression of the gonadal axis). In
the evaluation of adrenal tumors, regardless of size, an-
drogen or estrogen production should always raise the
suspicion of a malignant tumor. Autonomous aldosterone
secretion (which classically leads to hypertension and hy-
pokalemia)israrein ACC (85, 86). More commonly, min-
eralocorticoid effects are mediated by high cortisol levels
or possibly steroid precursors with mineralocorticoid ac-
tivity, such as 11-deoxycorticosterone (87, 88).

At the time of presentation, ACCs are generally large
tumors, measuring on average 10 to 13 cm (9, 85, 89).
Only a minority of tumors are <6 cm (9%-14%), with
only 3% presenting as lesions <4 cm (89, 90). In 2004, the
World Health Organization and Union for International
Cancer Control introduced a staging system for ACC
based on the traditional McFarlane classification, modi-
fied by Sullivan (Table 2). This classification system has
been recently challenged due to several shortcomings and
the newly introduced European Network for the Study of
Adrenal Tumors (ENSAT) system became widely adopted
by the ACC community due to the better reflection of
ENSAT stage to patient outcome (91). The ENSAT stag-
ing system defines 4 stages. Stage 1 (=5 cm) and stage 2
(>5 cm) tumors are confined to the adrenal gland. Stage
3 tumors extend into surrounding tissue (eg, para-adrenal
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adipose tissue or adjacent organs) or involve locoregional
lymph nodes. Stage 4 is reserved for patients with distant
metastasis. Most ACCs are diagnosed at an advanced
stage, although this might be predicted to change in the
near future due to the persistently increasing use of ab-
dominal imaging procedures. Although earlier studies
found 49% of patients with metastatic disease (stage 4) at
presentation, currently only 25% to 30% of patients pres-
ent with metastatic disease (9, 13, 25). In the Michigan
Endocrine Oncology Repository that contains data from
>400 patients with a diagnosis of ACC, the mean stage at
diagnosis is as follows: stage 1, 14%; stage 2, 45 %; stage
3,27%;and stage 4,24 % (T.E., unpublished results). The
most common metastatic sites are lung (40%—80%), liver
(40%-90%), and bone (5%-20%) (92). A contralateral
adrenal tumor can be found in ~5% of patients, al-
though it is difficult to differentiate this from metachro-
nous or synchronous tumors. Other sites, such as brain
and skin, are much less affected by tumor spread
(<5%). After initial resection, locoregional recurrence
becomes a challenge with pelvic, peritoneal, or retro-
peritoneal metastases.

At the time of diagnosis, the initial evaluation should
include a thorough physical examination and patient his-
tory with particular respect to symptoms and signs of hor-
mone excess. Patients should undergo basic biochemical
evaluation including creatinine, liver function tests, and a
complete blood count. These values will guide further
therapy and disease management. An initial hormonal
evaluation is crucial (Table 3). Staging should at the min-
imum include a computed tomography (CT) scan or mag-
netic resonance imaging (MRI) of the abdomen/pelvis and
a CT of the chest. Other imaging should be guided by
clinical suspicion (eg, bone scan for skeletal metastasis). A
focus on family history is essential to identify possible
hereditary contributions.

V. Diagnosis

A. Biochemistry

Biochemical evaluation fulfills several purposes: 1) to
establish or exclude the diagnosis of hormone excess; 2) to
establish the adrenocortical origin of a tumor, making
further invasive work-up, such as biopsies, unnecessary;
3) to further increase the suspicion of a malignant lesion
(eg, androgen or estrogen production); 4) to use steroid
hormones as tumor markers for future follow-up and sur-
veillance; and 5) to assess for the necessity of postsurgical
hydrocortisone replacement therapy.

The hallmark of a biochemical evaluation is the mea-
surement of steroid hormones produced by the tumor
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Table 3. Initial Staging and Laboratory Work-up

Mandatory

Optional/Depending on Suspicion

Cross-sectional imaging
Hormonal work-up

MRI or CT (abdomen/pelvis/chest)

Blood: DST, 8:00 am cortisol and ACTH, DHEAS, testosterone
(total or bioavailable), aldosterone and renin,
metanephrine and normetanephrine® (to exclude

["®F]FDG-PET scan, bone scan

Blood: 17-OH-progesterone, 17-OH-pregnenolone,
11-deoxycorticosterone, progesterone,
androstenedione, estradiol, FSH, LH

pheochromocytoma), 24-h urine: free cortisol®

Other laboratory work-up
profile, TSH, free T,, CBC

Discuss testing for TP53 mutations; AST, ALT, creatinine, lipid

Alkaline phosphatase, GGT, other laboratories

Abbreviation: CBC, complete blood count.
@ Either 24-hour urine or plasma free metanephrines.

o |f 1 mg DST suggests hypercortisolism.

(Table 3 and Figure 2). Initial evaluation is in part guided
by clinical symptoms (eg, cushingoid features, hirsutism,
and/or new hypertension with or without hypokalemia).
Most patients with cortisol-secreting tumors will have
suppressed ACTH (<10 pg/mL) and increased cortisol on
a spontaneous 8:00 aM blood draw. The diagnosis of hy-
percortisolism is usually established by a 1 mg dexameth-
asone suppression test (DST), midnight salivary cortisol,
or elevated 24-hour urine free cortisol. The latter will also
give an estimate of the extent of hypercortisolism (93).

Figure 2.
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tient. Whether the measurement of other steroid metab-
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Figure 3. ACC. A, Precontrast fairly homogeneous with calcification (30 HU). B, Early-phase contrast with heterogeneous enhancement. C, Delayed

phase (15 minutes).

olites, such as 17-OH-progesterone, androstenedione,
and estrogen should be generally recommended is a matter
of debate. However, elevated levels can certainly be useful
as tumor markers and allow specific treatment with hor-
monal antagonists to alleviate symptoms.

Despite the presence of a large tumor, signs or symp-
toms of steroid hormone excess and blood levels of hor-
mones in ACC can be absent or minimal. In comparison
with the normal adrenal cortex, steroid hormone synthesis
in ACC is relatively inefficient, resulting in elevated levels
of a variety of steroid hormone precursors and, even in the
presence of a large lesion, only modestly elevated hormone
levels. Although most of these metabolites are not rou-
tinely measured clinically, they can be detected by gas
chromatography/mass spectrometry analysis. Indeed,
urine steroid analysis is predicted to be a sensitive method
to diagnose ACCs and to follow individual steroid me-
tabolite profiles for recurrence, progression, and/or treat-
ment response. Several decades ago, it had been shown
that urine androgens and androgen precursors can be fol-
lowed as tumor markers (94). Metabolites of 11-deoxy-
cortisol and DHEA seem to be most useful for this pur-
pose. A recent study has shown significant differences in
steroid hormone precursor and metabolite profiles in
urine of patients with ACC compared with patients with
benign adrenal tumors (95). This study defined the 11-
deoxycortisol metabolite tetrahydro-11-deoxycortisol as
the most discriminative marker, although the overall pro-
file of several metabolites provided more information.

In addition to steroid hormone measurements, bio-
chemical exclusion of a pheochromocytoma is warranted,
especially when no steroid hormone production is evident.
This is accomplished by measuring levels of metanephrine
and normetanephrine in plasma or 24-hour urine and

mainly serves to prevent unexpected complications during
surgery or treatment (96).

B. Imaging

ACCGCs are typically large tumors upon clinical presen-
tation, often measuring more than 6 cm in diameter (Fig-
ure 3 and Table 4) (97). Due to the presence of internal
hemorrhage, necrosis, and calcifications, these tumors
tend to vary in appearance with frequent heterogeneous
enhancement. They are bilateral in 2% to 10% of cases
(98,99). Metastases to the liver, lungs, or lymph nodes can
be seen, and invasion of adjacent organs or venous exten-
sion into the renal vein and/or inferior vena cava may be
present. Contrast-enhanced CT or MRI is the diagnostic
imaging modality of choice for initial imaging and staging
as well as for follow-up. Both modalities are well suited for
detecting local recurrence and metastatic disease (98).

Functional imaging by positron emission tomography
(PET) with ['®F]fluorodeoxyglucose (FDG) and [''C]me-

Table 4. Imaging Characteristics of ACC
Lesion
Characteristics  ACC ACA
Size >4 cm <4.cm
Necrosis + —
Hemorrhage + -
Calcification +/— -
CT density Heterogeneous, >10 Homogeneous, <10

HU

HU

Chemical-shift Heterogeneous Homogeneous signal
MRI signal drop +/— drop

Contrast Heterogeneous, Homogeneous,
enhancement absolute % absolute %

washout <60% washout >60%

SUV on Adrenal to liver SUV Adrenal to liver SUV
['8FIFDG- ratio >1.45 ratio <1.45
PET/CT
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Figure 4. A, CT of ACC showing large heterogeneous right adrenal tumor, B, Contrast-enhanced coronal MRI in the same patient showing
heterogeneous enhancement with nonenhancing areas of necrosis (arrows). C, Non—contrast-enhanced T1-weighted MRI in the same patient
showing T1-weighted hyperintense areas of hemorrhage (arrows). D, CT of ACC showing left adrenal tumor. E, Intensely FDG avid left adrenal
mass in the same patient. F, Metastasized ACC, calcifications in primary tumor (arrows).

tomidate (MTO) or ['**I]MTO (where available) may be
used to confirm diagnosis of a malignant lesion or estab-
lish the adrenocortical origin of a tumor. NP59 (['3'1]-
iodocholesterol) scans are no longer available.

ACC can present as an adrenal incidentaloma, defined
as an unsuspected adrenal mass discovered on a cross-
sectional imaging performed for another reason (100). An
incidentally discovered adrenal mass with heterogeneous
appearance and a size greater than 4 cm or other imaging
characteristics of malignancy should be evaluated with
complete imaging for staging and will usually be treated
surgically (101). The risk for malignant adrenal tumors
increases with tumor size, with the index of suspicion in-
creasing for tumors >4 cm (sensitivity, 97 %; specificity,
52%)and >6 cm (sensitivity, 91 %; specificity, 80%) (89).
Masses 1 to 4 cm in diameter without definite benign im-
aging features, such as a homogenous, low-density (=10
Hounsfield units [HU]) mass with smooth margins, need
to be further assessed with a dedicated adrenal imaging
protocol. If absolute percent washout is less than 60%,
relative percent washout is less than 40%, or the mass
has suspicious imaging features, further evaluation is
warranted.

1. CT and MRI
ACCs can be distinguished from lipid-rich ACAs,
which tend to be small, homogeneous masses that measure

=10 HU on unenhanced CT or demonstrate loss of signal
on chemical-shift MRI (102). Homogeneous adrenal tu-
mors can also be further characterized using a dedicated
adrenal protocol CT (see Figure 5). ACAs demonstrate a
greater contrast washout than adrenal nonadenomas
(103, 104). On CT imaging, ACCs are large, heteroge-
neous enhancing masses of soft tissue attenuation. On
MRI, ACCs appear isointense to hypointense relative to
liver parenchyma on T1-weighted images and hyperin-
tense relative to liver parenchyma on T2-weighted images
(98). Contrast-enhanced imaging often demonstrates het-
erogeneous, predominantly irregular peripheral enhance-
ment with central nonenhancing areas secondary to
hemorrhage or necrosis. Internal hemorrhage is seen as
ill-defined areas of increased attenuation on non—con-
trast-enhanced CT and as areas of high signal intensity on
T1-weighted images. Areas of necrosis have low attenu-
ation on non-contrast-enhanced CT, high signal intensity
on T2-weighted images and do not enhance after admin-
istration of iv contrast (105). Calcifications, which are
best detected on CT imaging as high attenuation foci, can
be present in approximately 30 % of cases. These are either
coarse calcifications or microcalcifications and usually
centrally located (Figures 3 and 4). Calcification is also
present in other adrenal pathologies such as myelolipoma
(Figure 5) and 10% of pheochromocytomas and hence is
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Figure 5. A, Small right adrenal adenoma with <10 HU on unenhanced CT scan. B, Left adrenal adenoma with <10 HU on unenhanced CT scan.
C, Myelolipoma with fat attenuation and small calcification (asterisk). D-F, Dedicated adrenal CT scan without contrast, 16 HU (D); immediately
after contrast, 99 HU (E); and delayed image, 44 HU (F), identifying this lesion as a non-lipid-rich adenoma.

not a distinguishing feature (106). Some ACCs may con-
tain areas of intracellular lipid and rarely macroscopic fat
resulting in CT density measurements of <10 HU in por-
tions of the tumor (107). On chemical-shift MRI, the pres-
ence of intracellular lipid can cause regions of signal loss
(<30% of lesion) on out-of-phase images relative to in-
phase images (98). Contrast-enhanced CT scan is a reli-
able method of disease staging, identifying common met-
astatic sites such as regional and para-aortic lymph nodes,
lungs, liver, and bones (98). Inferior vena cava invasion
has been reported in 9% to 19% of cases at presentation
(98). Due to the multiplanar capability of MRI, direct
invasion of adjacent organs may be better depicted.

2. ["8F]FDG PET/CT imaging

ACC typically presents as a large, heterogeneous mass
with intense FDG uptake greater than liver background
(Figure 4). In a study of 77 patients with surgically proven
diagnosis of ACA or ACC, ['*F]FDG PET/CT had a sen-
sitivity of 100% and specificity of 88% in distinguishing
benign from malignant lesions by using cutoff value above
1.45 for adrenal to liver maximum standardized uptake
value (SUV). In the same study using a cutoff value of 3.4
for adrenal maximum SUV, the sensitivity was 100% and

specificity 70% (108). Assessment of morphological char-
acteristics such as tumor size, heterogeneity, and irregular
margins as well as attenuation value and metabolic activ-
ity is likely to improve accuracy. ['*F]FDG PET/CT, how-
ever, cannot distinguish ACC from metastases, lym-
phoma, or pheochromocytoma, which also exhibit high
metabolic activity (109). In a meta-analysis of published
data to determine the diagnostic utility of ['*F]FDG
PET/CT for distinguishing benign from malignant adrenal
tumors, ['*F]FDG PET/CT had sensitivity of 97% and
specificity of 91% (109). No significant difference in ac-
curacy was found between visual analysis, SUV analysis,
and standardized uptake ratio (defined as ratio of adrenal
SUV activity to liver SUV activity) analysis.

['8F]FDG PET/CT is a useful modality for staging ACC
and evaluating local recurrence. In a study on 22 patients
with ACC, sensitivity of ['*FJFDG PET/CT was 90% for
diagnosis of metastases as compared with 88% for diag-
nostic CT. However, they should be considered comple-
mentary imaging modalities because 12% and 10% of
lesions were seen only by ['®F][FDG PET/CT or CT, re-
spectively (110). ["*F]FDG PET/CT has low sensitivity for
characterization of smaller lesions, particularly for those

¥20Z UoJelN 0Z U0 1senb Aq GZ/45E2/282/2/SE/R101E/AIPa/WO0" dNo"olWapEDE/: ARy Woly papeojumod



292 Else et al Adrenal Cancer

lesions less than 10 mm in diameter (111). Intensity of
FDG uptake was found to be related to survival in patients
with ACC, with a maximum SUV of >10 indicating poor
prognosis (111). In a study of 12 patients with previously
resected ACC, ['®F]FDG PET/CT correctly identified local
tumor recurrence in all patients (112). ['"®F]FDG is not a
tumor-specific tracer, and increased uptake may be seen in
benign conditions including postoperative changes.

3. Experimental imaging modalities

Proton MR spectroscopy may be helpful in differenti-
ating ACAs and pheochromocytomas from ACC and me-
tastases using choline to creatine ratios of greater than 1.2
(92% sensitivity and 96% specificity) and choline to
lipid ratios greater than 0.38 (92 % sensitivity and 90 %
specificity) (98). However, more research data and pro-
spective clinical evaluation are needed to substantiate
this approach.

Metomidate, an inhibitor of 118-hydroxylase (cyto-
chrome P450 family 11 subfamily B1 [CYP11B1]) and
aldosterone synthetase (CYP11B2), has high affinity and
specificity for these enzymes. [''C]MTO PET can distin-
guish tumors of adrenocortical origin from noncortical
lesions (113). It cannot, however, distinguish benign from
malignant adrenocortical lesions. In a study of 11 patients
with ACC, ["'C]MTO PET/CT visualized all viable tu-
mors with high tracer uptake as compared with normal
adrenal gland and liver. False-negative results occurred
due to tumor necrosis (113). ['**IJlodometomidate
(IMTO) is a highly specific tracer for imaging of adreno-
cortical tissue as shown in a pilot study of 4 patients with
known adrenal tumors (2 metastatic ACCs, 1 bilateral
ACA, and 1 metastatic melanoma) (110).

C. Differential diagnosis

The diagnosis of ACC is often evident in the setting of
a large adrenal mass with concomitant hormone excess.
However, there are 2 main situations in which differential
diagnoses need to be addressed: 1) an incidental large ad-
renal mass is discovered or 2) hormone excess is estab-
lished, but imaging has not been conducted. The evalua-
tion of incidentally discovered adrenal masses is well
established by the current National Institutes of Health
guidelines and guidelines by other professional organiza-
tions and has been discussed in this journal recently (1,
114). In the hormonal evaluation of such lesions, a 1 mg
DST is preferred because it has a greater specificity in di-
agnosing subclinical Cushing’s syndrome (93). Mineralo-
corticoid excess should be evaluated following The Endo-
crine Society guidelines with initial screening for increased
aldosterone and suppressed renin levels (115). Mineralo-
corticoid excess can be caused by either bilateral hyper-

Endocrine Reviews, April 2014, 35(2):282-326

plasia or ACA, and these lesions are usually small (<2 cm)
(115). Measurement of other steroid hormones, specifi-
cally estradiol, DHEAS, and testosterone, is not routinely
recommended but should be performed in cases where
lesions show imaging characteristics consistent with ma-
lignancy or where signs or symptoms suggest sex steroid
excess.

Elevated adrenal steroid hormone levels can be caused
by other endocrine diseases. Hypercortisolism is diag-
nosed according to the current guidelines for diagnosis of
Cushing’s syndrome by The Endocrine Society, an 8:00 AM
cortisol value after DST of less than 1.8 mg excludes hy-
percortisolism. Other suitable screening tests for hyper-
cortisolism are midnight salivary cortisol and 24-hour
urine cortisol measurement. Hypercortisolism in connec-
tion with ACC is due to autonomous cortisol secretion.
The resultant ACTH-independent Cushing’s syndrome is
accompanied by a low ACTH level (<10 pg/mL). The
main differential diagnoses in this category are ACTH-
independent macronodular hyperplasia and cortisol-pro-
ducing adenomas, which most often can be differentiated
by imaging. Symptoms and signs of hyperandrogenemia,
such as hirsutism, are also present in polycystic ovarian
syndrome, ovarian hyperthecosis,and CAH or can be con-
stitutional. However, the levels of DHEAS and testoster-
one are usually markedly higher in ACC, the onset of hor-
mone excess symptoms is more pronounced, and most
symptoms develop over a relatively short period of time
(months).

As discussed above, the imaging characteristics of an
adrenal mass weigh heavily in the diagnostic evaluation of
potential ACC. Although an initial study found up to 8%
ACCs among incidental adrenal tumors, another large-
scale single-center study of 1049 incidental adrenal masses
found only a single adrenocortical tumor of unknown ma-
lignant potential and no ACC (116, 117). In general, ho-
mogeneous lesions less than 4 cm with <10 HU or a rel-
ative washout >40% are not suspicious for ACC. Several
recent studies have focused on ACCs smaller than 4 cm,
and these were almost invariably suspicious for malig-
nancy by imaging criteria. In the University of Michigan
Endocrine Oncology Repository, less than 1% of ACCs
were less than 4 ¢cm on initial imaging. For an adrenal
lesion greater than 4 cm, the main differential diagnoses
include large ACA, myelolipoma, adrenal metastasis of
another cancer, pheochromocytoma, adrenal cyst, gangli-
oneuroma, or other rare tumors of the adrenal gland, such
as sarcomas or lymphomas. Myelolipomas have a very
typical imaging appearance and can usually be readily
identified. Adrenal cysts can present a challenge, because
the differential diagnoses include cystic ACC, cystic pheo-
chromocytoma, and benign cysts (eg, bronchogenic or ret-
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roperitoneal cyst). The evaluation of a large adrenal mass
suspicious for malignancy should include full body imag-
ing for cancer staging, in which a primary (nonadrenal)
tumor often becomes evident. Adrenal pheochromocyto-
mas usually produce catecholamines and can be diagnosed
biochemically. Further diagnostic procedures such as bi-
opsy are rarely indicated. The primary treatment for all
large isolated adrenal tumors is surgical resection. The
only exceptions to this rule are primary adrenal lympho-
mas. These are extremely rare, are often bilateral, may be
differentiated by CT and MRI, and are treated with sys-
temic chemotherapy (118). In case a pheochromocytoma
cannot be excluded by imaging characteristics, initiating
a-blockade before surgery should be considered, even if
biochemical work-up is negative.

VI. Pathology

The pathological assessment of adrenocortical tumors has
advanced substantially over the last 4 decades. Tumor size
was initially thought to be the primary factor for de-
termining which tumors possessed malignant potential
and, accordingly, could be classified as ACC. Although
tumor size still possesses diagnostic significance, cur-
rent diagnostic algorithms have evolved to incorporate
a variety of clinical, histological, and immunohisto-
chemical parameters.

Work by 3 independent groups advanced the field by
systematically applying histological and nonhistological
parameters to clinically benign and malignant tumors
(119-121). By using this approach, it was possible to de-
fine a set of diagnostic criteria that could be used to iden-
tify those tumors that possess, but did not yet manifest,
malignant potential. Of these 3 overlapping diagnostic
systems, the Weiss system and its modifications have
gained the most acceptance in clinical practice (122). De-
spite the formality of these scoring systems, the criteria
embedded within them represent bread-and-butter surgi-
cal pathology, ie, standard histological parameters that
include invasion by tumor into capsule and adjacent ves-
sels, changes in growth patterns, presence of tumor ne-
crosis, increased mitotic rates, and the presence of atypical
mitotic figures. Tumors with an abundance of these fea-
tures (3 or more, as in the Weiss system) most often behave
in a malignant fashion and can be classified as ACC,
whereas tumors without these features (0-2 in the Weiss
system) do not metastasize and can be classified as ACA.

Adrenocortical neoplasms, similar to other solid endo-
crine tumors, grow predominantly via expansion without
a desmoplastic response, in contrast to other solid tumors
that show infiltration of desmoplastic stroma (eg, ductal
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adenocarcinoma of the pancreas). As a consequence, ad-
renocortical tumors are usually well-delineated masses
whose colors range from brown to orange to yellow, usu-
ally a function of lipid content. Benign and malignant tu-
mors induce the creation of a fibrous capsule. The scenario
of an expansile mass surrounded by a fibrous capsule is
analogous to that seen in follicular tumors of the thyroid.
Eventually, a tumor may acquire malignant potential, ie,
the ability to invade normal tissues and metastasize dis-
tantly. The key feature that distinguishes ACC from ACA,
short of the presence of metastatic disease, is the presence
of invasion. Invasion can take several forms: direct inva-
sion of the tumor capsule, invasion through the tumor
capsule into extra-adrenal soft tissue, or direct invasion of
lymphatic channels in and around the capsule and direct
invasion of nearby blood vessels, usually veins. In some
cases, the venous invasion is so advanced that the tumor
invades the vena cava and extends to involve the right
side of the heart. Metastatic deposits, when removed,
are largely similar to the primary tumor, both in terms
of cellular histology and the absence of desmoplasia.
For example, ACC deposits in the liver are often inti-
mately intertwined with hepatocytes without surround-
ing stroma. The key histological features of ACC are
shown in Figure 6.

Despite the best efforts at the development and appli-
cation of systematic classification algorithms, there are
occasional adrenocortical tumors that defy classification
into diagnostic categories. For instance, rare tumors that
do not qualify as ACC by Weiss criteria sometimes behave
in a malignant manner (for example, see Ref. 123). Con-
versely, some tumors diagnosed as ACC do not behave as
predicted; although this issue is much more difficult to sort
out because surgery can be a very effective treatment for
early-stage ACCs. In these cases, pathologists have used a
variety of diagnostic terms, such as atypical adenoma, ad-
renocortical neoplasm, and adrenocortical neoplasm of
uncertain malignant potential or uncertain biological
behavior.

Because of these diagnostically challenging cases, many
pathologists have tried to develop ancillary techniques to
refine the approach to these tumors. One such histochem-
ical technique employs reticulin staining to highlight dis-
ruption of the reticulin network that is observed in ACC
(124, 125). This observation is related to the altered
growth pattern observed in ACCs and reflects one of the
Weiss criteria (diffuse growth pattern greater than 25%).
This simple approach is intriguing and awaits further
validation.

In addition to histochemical approaches, the literature
contains many studies of immunohistochemical methods
designed to separate ACA and ACC. Most of these studies
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Figure 6.
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Figure 6. A, ACC gross. Adrenocortical tumors tend to be relatively large masses (>5 cm in largest diameter) that grow by expansion. Their cut
surface ranges from brown to orange to yellow depending on the lipid content of their cells. Necrosis is almost always present. B, Typical ACC
with a hypercellular population of cells with the earliest form of tumor necrosis. C, A typical ACC with a solid growth pattern and abundant

eosinophilic cytoplasm with focal clear areas, consistent with lipid. Mitotic figures are present. D, A lipid-rich ACA with nested growth pattern and
clear cytoplasm is shown for comparison with ACC. E, Direct invasion of the tumor capsule, representing the earliest manifestation of malignant
behavior. F, Relatively differentiated ACC that has invaded a vessel within the tumor capsule. G, ACC tumor thrombus covered with endothelial
cells. H, High-grade ACC with high nuclear grade, diffuse growth pattern, eosinophilic cytoplasm, and 3 visible mitotic figures. I, Low-grade ACC
with abundant cytoplasm and low mitotic rate. J, High-grade ACC with minimal cytoplasm, resembling small cell carcinoma. K, Low-grade ACC
with isolated nuclear pleomorphism. L, ACC metastatic to liver. Notice the lipid-rich nature of the tumor and the lack of stromal response. M, a-
Inhibin immunohistochemistry showing diffuse immunoreactivity in ACC. N, Ki67 immunohistochemistry showing a high labeling index in a high-
grade ACC. O, p-Catenin immunohistochemistry showing pure membranous staining in ACC, indicating a wild-type CTNNBT gene. P, p53
immunohistochemistry showing diffuse immunoreactivity in a high-grade ACC, indicating a likely somatic TP53 mutation. Q, Postchemotherapy

effect in ACC, showing large cells with bizarre nuclear forms. R, Myxoid variant of ACC with abundant extracellular myxoid material. S, Rare
oncocytic variant of ACC that also has focal myxoid stroma. T, Adrenocortical oncocytoma with isolated multinucleated cells.

focus on tumor cell proliferation (126-129). Using ac-
cepted proliferation immunomarkers, such asKi67, a gen-
eral consensus has emerged that ACCs have a Ki67 label-
ingindex >5%. Conversely, ACAs generally show a much
lower index, although there is some overlap observed de-
pending on the particular study. Although the diagnosis of
ACC should not rest on any single immunomarker, pro-

liferation markers generally correlate with mitotic ac-
counts and do have a role to play in the evaluation of these
tumors (130).

It is sometimes difficult to be certain that a particular tu-
mor of the retroperitoneum represents ACC, usually due to
spread beyond the adrenal gland and/or loss of adrenocor-
tical differentiation. In these instances, a battery of immu-
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nostains can provide evidence of adrenocortical differentia-
tion (131), including but not limited to the following proteins
that are expressed in most ACCs: a-inhibin (132, 133), cal-
retinin (134), synaptophysin (135), melanA (Mart1) (136),
and steroidogenic factor 1 (SF1) (137, 138). In general, ACC
does not express the common cytokeratins most often used
in practice. Chromogranin A expression is universally not
present, and if it is present, an adrenomedullary tumor
should be strongly considered. In practice, most adrenocor-
tical tumors are readily apparent on routine hematoxylin and
eosin stains and do not require supplemental immunostains
to document adrenocortical differentiation.

ACCs can be graded into low- and high-grade carci-
noma groups based on their mitotic rates (=20 mitoses per
50 high-power fields [HPFs] vs >20 mitoses per 50 HPFs),
an observation first made by examining the individual
components of the Weiss score for prognostic significance
(139). Of all the criteria, mitotic rate was most closely
associated with patient outcome. This observation has
been essentially validated by other clinicopathological
studies and extended by gene expression studies that high-
lighted how dominant proliferation-related genes are in
these tumors (130). High-grade ACCs are enriched for
mutations of TP53 (14,140-142)and/or CTNNB1 (143-
149), and these mutations tend to be mutually exclusive
(reviewed in Ref. 150).

ACCs exhibit a large degree of intratumor heteroge-
neity, an unsurprising finding given their large size and
the evolutionary nature of cancer progression. With
thorough sampling, it is becoming more and more com-
mon to see tumors consisting of numerous areas and
nodules with different histological phenotypes. For ex-
ample, high-grade ACCs often have minority areas of
low-grade ACC. Likewise, some low-grade ACCs con-
tain areas that resemble ACA. Similarly, it is possible to
find tumor nodules within a given tumor with different
immunohistochemical phenotypes, ie, different Ki67
labeling indices and TP53 (tumor protein 53) and
B-catenin immunoreactivities. Taken together, these
observations provide support for a clonal model in
which ACC can exhibit step-wise progression from low-
to high-grade carcinoma. This notion is supported by
some recent studies with mouse models (143).

Adrenocortical tumors do occur in the pediatric pop-
ulation (151). For reasons that are not entirely clear,
these tumors generally behave in a more indolent fash-
ion compared with adult ACCs (152), leading some to
wonder why there are so many pediatric ACCs yet so
few pediatric deaths (153). The study by Wieneke et al
(154) examined a wide variety of histological features
similar to the Weiss score and found that tumor weight
>400 g, tumor size >10.5 cm, invasion, extension into
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extra-adrenal soft tissue, necrosis, severe atypia, >15
mitoses per 20 HPFs, and atypical mitotic figures were
associated with malignant clinical behavior. This sys-
tem was recently validated in an Italian cohort (155).
Not surprising, pediatric ACCs display different mo-
lecular attributes (156, 157).

Relatively few histological variants of ACC have been
described. The most common is called the oncocytic vari-
ant because the predominant cell type in this variant is an
oncocyte, which is defined as a cell with abundant, gran-
ular cytoplasm related to accumulation of mitochondria
and endoplasmic reticulum (158 -163). Because these tu-
mors, whether benign or malignant, display a solid growth
pattern with eosinophilic cells and focal nuclear atypia,
traditional Weiss scoring tends to overdiagnose these tu-
mors as oncocytic ACC. For this reason, modified and
simpler scoring methods have been devised and work well
in most cases (164, 165), although challenging cases are
still presented. The other significant ACC variant is called
the myxoid variety due to the production of abundant
extracellular myxoid substances (166—173). These cases
are rare, and the point of their distinction is to recognize
them diagnostically. One such myxoid ACC displayed a
distinct gene expression profile compared with conven-
tional ACC (174). Finally, sarcomotoid ACCs (carcino-
sarcomas) have also been described as they have for most
other carcinoma types. The development of a sarcomatoid
histology, although rare, generally portends aggressive tu-
mor behavior (175).

In practical terms, a standard evaluation of an adre-
nocortical tumor should include thorough examination
of the tumor capsule looking for capsular and vascular
invasion and thorough sampling of the tumor to ensure
capture of a high-grade component. An immunohisto-
chemical panel of a primary adrenal tumor that is pre-
sumed to be adrenocortical could be limited to Ki67, with
the possible addition of TP53 and B-catenin. Primary or
metastatic tumors of unknown origin would involve a
larger panel of the adrenocortical and adrenomedullary
markers discussed above in this section as well as other
nonadrenal markers (eg, thyroid transcription factor 1
in the setting of a lung nodule). The most common tu-
mors metastasizing to the adrenal gland are lung car-
cinoma, melanoma, renal cell carcinoma, and breast
carcinoma. With the exception of renal cell carcinoma,
these tumors generally possess a distinct morphology
that will immediately suggest metastatic disease. Bilat-
eral adrenal masses strongly suggest metastatic carci-
noma or lymphoma.

Finally, much work is proceeding on how the molecular
pathobiology of adrenocortical tumors can be translated
into practical tools that will enhance the routine patho-
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logical evaluation of these tumors beyond standard his-
topathology, immunohistopathology, mitotic grading,
and tumor staging. Gene expression studies of adrenocor-
tical tumors have led to a refined tumor taxonomy and
provide ample opportunities for the discovery of novel
ACC biomarkers that should advance the care of these
patients in the coming years (150, 176). Looking forward,
molecular tools should also facilitate the selection of the
most appropriate therapies as they become increasing
available.

VII. Molecular Pathology

A. Molecular genetics

Successive and specific genetic alterations within a cell
are the principal events underlying carcinogenesis. With
the use of classical genetic tools (ie, DNA content
assessment, metaphase spreads, and comparative genomic
hybridization [CGH]) and the advent of modern, high-
resolution analytic methods (ie, tiled arrays and whole-
genome sequencing), the genetic dissection of ACC has
revealed genomic aberrations that are predicted to con-
tribute to neoplastic transformation of adrenocortical
cells.

1. Clonality and DNA content

Most ACAs and all ACCs initiate from monoclonal cell
populations, suggesting that mutation events lead to
clonal expansion and ultimate progression to cancer (177,
178). Over 30 years ago, cytogenetic and flow cytometry
techniques began to be applied to study ACC (179). One
of the first genetic assessments with flow cytometry re-
vealed aneuploidy (a genomic aberration consistently ob-
served in most cancers) in 4 of 4 ACCs, yet only diploidy
or tetraploidy in normal adrenal cortices and benign ad-
renal tumors (180). These results were validated in 2 larger
studies. In the examination of 22 adrenal neoplasms, an-
euploidy was observed in 5 of 6 ACCs, whereas diploidy
was observed in all 16 ACAs (181). In a separate study of
39 adrenal tumors, aneuploidy was observed in 75% of
ACCs (6 of 8 samples), whereas only 10% of benign le-
sions (3 of 31 samples) displayed hypotriploid nuclei. The
assessment of aneuploidy with histopathological criteria
in 7 of 9 adrenal tumors revealed a high correlation with
Weiss score >3 (indicative of malignancy) (182). Despite
these data, one study revealed aneuploidy in 20% of ACAs
(6 of 30 samples), albeit compared with aneuploidy in
69% of ACCs (9 of 13 samples). Moreover, no significant
difference in overall survival was observed in patients with
ACC exhibiting aneuploidy vs patients with ACC exhib-
iting diploid neoplasms (126). Although the high preva-
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lence of aneuploidy in ACC suggests chromosomal insta-
bility, further investigation to determine aneuploidy and
hyperploidy as etiological factors that drive tumorigenesis
or as an epiphenomenon is required.

2. Chromosomal aberrations

CGH can identify structural chromosomal abnormal-
ities within ACCs at a higher resolution. A number of
studies have found that whereas ACAs have few regions of
chromosomal losses and gains, ACCs exhibited complex
chromosomal alterations. The first CGH study examined
22 adrenal tumors, 14 ACAs, and 8 ACCs, categorized by
histopathological features, size, urinary steroid profile,
and clinical data (183). Only 2 of 14 ACAs exhibited a
maximum of 2 genetic alterations, whereas 7 of 8 ACCs
contained multiple chromosomal gains or losses with a
mean of 10 events. In ACCs, chromosomal gains were
frequently observed in regions 4q, 4p16, 5p15, 5q12-13,
5q32-qter, 9q34, 12q13, 12924, and 19p, and chromo-
somal losses were observed at 1p, 2q, 11q 17p, 22p, and
22q. Microsatellite studies identified frequent allelic losses
inregions 17p13,11q15,and 2p16 (85%, 92%,and 90%
of samples, respectively) (184, 185). A follow-up study
examining 35 adrenal tumors and 6 adrenocortical hy-
perplasias identified unique events within 12 of 12 ACCs
compared with 15 of 23 ACAs. Specific events in ACC
were gains at 5q12-13, 5q22-ter, 9q32-qter, 12q13-14,
12q24, and 20q and losses at 1p21-31, 3p, 2q, 3q, 69, Ip,
and 11q14-qter. Events in ACA consisted of gains at
17q11.2-21 and 17q24-25, 17p, and 9932 (186). A con-
firmatory study of 25 adrenocortical tumor samples, in-
cluding 14 ACCs and 8 ACAs as well as NCI-H295 and
SW13 cell lines revealed similar gains in chromosomes 5
and 12 with additional gains in chromosomes 7 and 16 in
ACC (187). Moreover, this study identified multiple loci
of high-level, multiple amplifications specifically at
19p13.3 and 19q13.4 and revealed a positive correlation
between the number of aberrations and the size of tumors.

Most recently, a study using higher-resolution CGH
arrays revisited this phenomenon through examination of
138 adrenal neoplasms encompassing 86 ACAs and 52
ACCs to assess the diagnostic and prognostic value of
chromosomal abnormalities (188). The study confirmed
increased alterations in ACCs (44%) compared with
ACAs (10%). In ACCs, the frequently observed chromo-
somal gainsat 5,7,12,16,19,and 20 and losses at 13 and
22 were confirmed. The group identified genes within
these regions with potential tumorigenic potential includ-
ing fibroblast growth factor 4 (FGF4), cyclin-dependent
kinase 4 (CDK4), and cyclin E1 (CCNET1). Moreover, in
anindependent cohort, the study confirmed the diagnostic
utility of 6 loci (5q, 7p, 11p, 13q, 164, and 22q) in the
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differentiation of ACA and ACC (sensitivity, 100%; spec-
ificity, 83%) (188). Although survival prediction using
these data could not be established, a separate CGH study
that identified a similar increase in copy number in chro-
mosomes 3, 6q, 7, 8q, 12, 164, and 20 and allelic losses in
1,2q, 3, 6p, 7p, 8p, 9, 10, 11, 13q, 14q, 15, 16, 17, 19q,
and 22q determined that some of these alterations (gains
in 6q, 7q, and 12q and losses in chromosomes 3, 8 10p,
169,174, and 19q) were associated with decreased overall
survival (189).

Although these studies together indicate genetic diver-
sity and heterogeneity of chromosomal gains and losses in
ACC, genomic aberration at chromosomes 5, 12, and 17
are predicted to harbor genes that initiate or maintain
neoplastic transformation. Chromosome 17, specifically
at 17p13, contains the well-known tumor suppressor gene
TP53.

3. Epigenetic changes

DNA methylation involves the addition of a methyl
group to the cytosine pyrimidine ring or adenine purine
ring, occurring typically at CpG dinucleotides. In a normal
cell, it acts as a regulatory mechanism for proper gene
expression. However, in cancer, frequent dysregulation in
this process is observed. A recent study of 51 ACCs and 84
ACAs revealed hypermethylation of promoters in ACCs
with correlation to poor survival and identified H19,
PLAGL1, G0S2, and NDRG2 as silenced genes (188).
This observational study also provided insight into the
possible role of methylation in ACC tumorigenesis, par-
ticularly in the 11p15 locus containing IGF2 and H19.

4. Gene expression arrays

Global gene expression studies aim to identify bio-
markers that could provide diagnostic and prognostic util-
ity in addition to the classic histological analyses and hold
the promise of new potential targets for therapy. ACAs
and ACCs have distinct expression profiles (174, 190-
192). An initial study identified elevated expression of
genes involved in cell proliferation in ACCs, such as IGF2,
compared with increased expression of steroidogenic
genes in ACAs (steroidogenic cluster) (190). Giordano et
al (192) identified unique transcriptionally activated (12q
and 5q) and repressed (11q, 1p, and 17p) chromosomal
regions in 33 ACCs vs 22 ACAs in a microarray study,
which confirmed the early chromosomal studies. More
recently, 2 large studies have correlated expression pro-
files in ACC with clinical outcome. Specifically, Giordano
et al (192) determined that ACCs with high histological
grade exhibited marked overexpression of cell cycle and
functional aneuploidy genes, which correlated with de-
creased overall survival. In another study, cluster analysis
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of ACCs again revealed 2 distinct groups with different
genetic signatures and concomitant distinct clinical out-
comes. ACCs with poor outcome were enriched for genes
involved in cell cycle and proliferation, whereas ACCs in
the better outcome group exhibited overexpression of
genes involved in differentiation, metabolism, and intra-
cellular transport. Expression levels of BUBIB and
PINK1 alone identified subgroups of ACCs with different
overall survival, regardless of tumor stage. Similarly, the
expression levels of DLG7 and PINK1 identified sub-
groups of ACCs with distinct disease-free survival, regard-
less of tumor grade (191). These findings were later vali-
dated in a separate cohort of adult patients (193).

5. MicroRNAs

MicroRNAs (miRNAs) are evolutionarily conserved,
small, noncoding, 18- to 25-nucleotide RNAs that are
important in posttranscriptional regulation of gene ex-
pression. Mature miRNAs in association with the RNA-
induced silencing complex are loaded onto the 3'-untrans-
lated region of the targeted mRNA to inhibit translation or
tocause degradation (194). Numerous miRNAs have been
identified and implicated in the regulation of various cel-
lular processes such as proliferation, apoptosis, and dif-
ferentiation. In addition, dysregulation of miRNAs, such
as overexpression or deletion, plays an important role in
diseases, including various cancers (195, 196). Mistarget-
ing of the miRNAs, resulting in inhibition or activation of
various oncogenes, tumor suppressors, and/or other fac-
tors important in tumor angiogenesis, epithelial-mesen-
chymal transition, and metastasis, have been identified
(196). The examination of 36 adrenocortical samples (10
normal tissues, 10 nonfunctional ACAs, 9 cortisol-secret-
ing adenomas, and 7 ACCs) revealed differential expres-
sion of 22 miRNAs, with 14 miRNAs preferentially
expressed in ACCs. Upregulated miRNAs in ACCs in-
cluded miR-184, miR-210, and miR-503. Downregulated
miRNAs included miR-214, miR-375, and miR-511
(197). Levels of miR-184, miR-503, and miR-511 alone
were able to distinguish benign from malignant adrenal
tumors (specificity, 80%-97 %; sensitivity, 100%) (197).
A recent study of 55 adrenal samples (6 normal tissues, 22
ACAs, and 27 ACCs) similarly determined an miRNA
expression signature unique to ACC (198). The investi-
gation identified 14 upregulated miRNAs and 9 down-
regulated miRNAs unique to ACC. In addition to validat-
ing the upregulation of miR-503 in ACC, the study
identified a significant upregulation of miR-483 (diagnos-
tic sensitivity of 80% and specificity of 100%) and down-
regulation of miR-195 and miR-335in ACC (198). Lastly,
miRNA expression in 25 pediatric adrenal neoplasms (18
ACCs, 6 ACAs, and 1 unknown) was compared with 5
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normal adrenals (199). Unsupervised clustering of the
samples according to miRNA expression resulted in clear
differentiation of the tumors from the normal controls.
Further differentiation between ACA and ACC could not
be achieved. In this study, similar to the adult ACC study,
miR-483 was found to be significantly upregulated in pe-
diatric ACCs. However, a majority of the differentially
expressed miRNAs were downregulated in ACCs, most
notably miR-99a and miR-100. MiR-99a and miR-100
are bioinformatically predicted to target the 3’-untrans-
lated regions of IGF1R, RPTOR, and FRAP1 (mTOR)
and were experimentally confirmed to target several com-
ponents of the IGF-1 signaling pathway (199). Moreover,
miR-483 is located in an intron of IGF2. It is hypothesized
that dysregulation of the IGF2 locus perturbs the expres-
sion of miR-483 (198, 200). In the hepatocarcinoma cell
line HepG2, observational studies revealed the oncogenic
potential of miR-483 through inhibition of apoptotic reg-
ulatory genes PUMA/BBC3 (201).

6. Gene mutations

Targeted genetic analyses, such as sequencing and sin-
gle-strand confirmation analyses have identified somatic
genetic changes in TP53, MEN1, IGF2, IGF2R, and p16/
INK4A (CDKN2A). TP53 located on 17p13 is the most
commonly mutated gene in ACC, present in at least one-
third of ACCs (140, 142,202). Examination of TP53 in 89
adrenal tumors revealed loss of heterozygosity (LOH) at
the 17p13in 11 of 13 ACCs and 23 of 76 ACAs (203). Of
note, there was no overlap of LOH and mutations in the
same tumors. The reason for ACC not following the ca-
nonical LOH model remains unclear. LOH in the gene
encoding p16™/p14*f, CDKN2A is observed in a subset
of ACCs. The tumor suppressor function of this gene has
been established in multiple cancers (204). A small-scale
study revealed 3 of 7 ACCs with LOH at this locus (205).
MENT1 (located on 11q13) somatic mutations are unusual
in sporadic ACC. This is in contrast with LOH of 11q13,
which has been identified in ~83% of samples (185). It is
unclear whether this region harbors an additional unrec-
ognized tumor suppressor gene involved in adrenocortical
tumorigenesis. Furthermore, as detailed below in Section
VII.B.2., in addition to aberrant activation of critical sig-
naling pathways such as the IGF and wingless-type (WNT)
pathways, mutational analysis of the effector of the ca-
nonical Wnt pathway, the B-catenin gene, CTNNB1, has
identified activating point mutations in over 25% of both
ACAs and ACCs in children and adults (149, 206-208).

B. Pathophysiology of cellular signaling pathways

1. IGF pathway
The IGF signaling pathway consists of ligands (IGF-1
and IGF-2), receptors (IGF-1 receptor [IGF-1R], IGF-2R,
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and insulin receptor), IGF binding proteins 1-6, and IGF
binding protein proteases. The binding of the mitogenic
polypeptides to their receptors activates the downstream
AKT/PI3K and MAPK pathways to regulate cellular pro-
cesses of metabolism, differentiation, proliferation, and
apoptosis. The IGF pathway mediates ACTH-induced
prenatal adrenal growth, fetal and adult steroidogenesis,
and organ maintenance (209-212). In the developing fetal
organ, IGF1 expression is restricted to the capsule,
whereas IGF2 expression is enriched in the cortex (213).
In the adult adrenal cortex, both IGF-1 and IGF-2 stim-
ulate basal and ACTH-induced steroidogenesis (210,
214). Overall, the main role of IGF-2 lies in fetal devel-
opment and growth, whereas IGF-1 acts mainly postna-
tally. Prominent overexpression of IGF2 and alterations
of the IGF2/H19 locus have been identified in sporadic
ACC (174,190,215). The IGF2 geneislocated on 11p135,
which also includes a noncoding H19 gene and a cyclin-
dependent kinase inhibitor, CDKN1C (p57KIP2) (216,
217),and 80% to 90% of all ACCs show very high IGF2
expression (~100-fold over normaland ACA) (174,218 -
220). Interestingly, relative expression of Igf2 is much
higher than in tissues from mice resembling human BWS,
in which genetic changes result in an ~2-fold upregula-
tion. High IGF2 expression levelsin adrenal tumors, when
analyzing malignant and benign tumors, are associated
with a 5-fold increased risk for recurrence and a shorter
disease-free survival (184, 191). Pediatric ACCs reveal an
~20-fold overexpression of IGF2. Various cell culture
studies using ACC cell lines suggest a paracrine or auto-
crine effect of IGF-2 and mitogenic activity through
IGF-1R (156, 221-223). PEPCK-IGF2 transgenic mice
that overexpress IGF2 have adrenocortical hyperplasia
and enhanced steroidogenesis (224). Similar phenotypes
are observed in indirect IGF2 overexpression in PEPCK-GH
transgenic mice that overexpress GH (225). However, simple
overexpression of IGF2 was insufficient to initiate adrenocor-
tical tumorigenesis.

Perturbation of the IGF2 locus, with upregulation of
maternally imprinted genes (IGF2), and downregulation
of paternally imprinted genes (H19 and CDKN1C), is fre-
quently observed in ACCs (226). However, 11p15 LOH
has been shown to be a stronger predictor for shorter dis-
ease-free survival than simple levels of IGF2 overexpres-
sion (184). Based on this observation, it is hypothesized
that additional genetic changes, such as loss of maternally
expressed CDKN1C and H19, may contribute to adrenal
tumorigenesis (184).

The findings of high IGF2 expression levels and the
knowledge of an increased incidence of ACC in BWS led
tothe investigation of IGF-1R as a therapeutic target. In an
NCI-H295 xenograft mouse model, IGF pathway inhibi-
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tion by the small-molecule inhibitor NVP-AEW 541 and
the monoclonal IGF-1R antibody IMCA12 showed an an-
titumor effect. Furthermore, the combined treatment of
NCI-H295 cells with IGF-1R antagonists and mitotane
resulted in a synergistic antiproliferative effect in vitro and
in vivo in tumor xenografts (223, 227).

2. WNT signaling pathway

The WNT/B-catenin signaling pathway is a major de-
velopmental pathway in multiple organ systems, including
the adrenal gland. The pathway is differentiated into 3
diverging signaling cascades dependent on signal conduc-
tion through B-catenin (canonical pathway), ras homolog
gene family small GTPase (planar cell polarity pathway),
or phospholipase C (Wnt/calcium pathway). B-Catenin is
normally sequestered in a destruction complex with ad-
enomatous polyposis coli (APC), glycogen synthase kinase
3, and axin. In the canonical pathway, binding of the
WNT ligand to its respective frizzled receptors results in
release of B-catenin from the complex and translocation to
the nucleus where it serves as a transcriptional cofactor
with T-cell factor/lymphoid enhancer factor.

In the normal adrenal gland, the WNT/B-catenin sig-
naling pathway plays a crucial role in both embryonic
development and maintenance of the adrenal cortex (228).
Temporal and spatial expression of B-catenin is limited to
a subset of developing fetal adrenocortical cells and to the
subcapsular cells of the adult cortex (228). Conditional
knockout of B-catenin in a transgenic mouse resulted in
the absence of the adrenal gland at embryonic day 18.5. In
mice harboring incomplete B-catenin knockout (knockout
of B-catenin in a subset of adrenocortical cells), although
normal adrenal development occurred, at age 45 weeks
postpartum, these mice exhibited thinned and disorga-
nized adrenal cortex in the setting of increased apoptosis
(228).

Initial alterations of the WNT/B-catenin system/path-
way were identified in FAP (229, 230). The molecular
bases of FAP are inactivating mutations in the tumor sup-
pressor gene APC, resulting in constitutive activation of
B-catenin with subsequent increased target gene expres-
sion (229, 230). Recent examinations of adrenocortical
tumors suggest that the WNT/B-catenin signaling path-
way plays an important role in sporadic adrenocortical
tumorigenesis. Immunohistochemical analysis of 39 ad-
renal tumors revealed accumulation of B-catenin in 10 of
26 ACAsandin 11 of 13 ACCs, consistent with stabilized
and hence activated B-catenin (149). Furthermore, muta-
tional analysis of the B-catenin gene CTNNBI identified
activating point mutations in both ACAs and ACCs (149,
206-208). An activating Ser45 B-catenin mutation as well
as activated B-catenin signaling was also identified in the

edrv.endojournals.org 299

NCI-H295 ACC cell line (149). Moreover, gene expres-
sion profiling studies revealed overexpression of B-catenin
target genes such as ENCI, suggesting a role of active
B-catenin signaling in ACCs (174). Moreover, inactivat-
ing mutations of AXIN2 (a component of the B-catenin
destruction complex) have also been described in some
adrenocortical tumors (231). Furthermore, activation of
B-catenin as well as TP53 inactivation predicted poor out-
come in one study of 51 samples (232).

The fact that both nuclear B-catenin accumulation and
activating CTNNB1 mutations are present in ACAs as
well as in ACCs suggests that WNT activation may be an
early step in adrenocortical tumorigenesis, which precedes
malignant transformation. A recent study on mouse mod-
els corroborates this hypothesis (143). Mice with consti-
tutive activation of the Wnt signaling pathway obtained
by adrenal-specific Apc knockout develop adrenal hyper-
plasia and adenomas by 30 weeks of life. On the other
hand, no adrenal phenotype is observed in the adrenal-
specific Igf2 overexpression mouse model. However,
when the Apc-knockout mice were crossed with adrenal-
specific Igf2 overexpression mice, early-onset adrenal
nodular hyperplasia evolving to large tumors later in life
(including an invasive cortical tumor similar to an ACC)
was observed, suggesting that both pathways may have
synergistic effects on adrenocortical tumorigenesis (143).
This study was further validated in a similar model of
adrenocortical-specific B-catenin stability and Igf2 over-
expression (233).

3. Vascular endothelial growth factor

Sustained angiogenesis is a sine qua non feature of can-
cer. Anomalous blood vessels are a characteristic of vir-
tually all types of cancer (234). The vascular endothelial
growth factor (VEGF) is a chief regulator of cancer an-
giogenesis. Its effects are mediated through its receptors
(VEGFRs) (235). The pharmacological inhibition of
VEGFRs are considered an attractive option for cancer
treatment (236). Elevated VEGF levels were identified in
blood samples from ACC patients (237, 238). In addition,
overexpression of VEGFR type 2 in ACC samples was
observed by immunohistochemistry (239). The increased
expression of VEGF correlates with the expression of
IGF2 (192). Recently, several groups used targeted ther-
apeutic methods of VEGF signaling inhibition in xeno-
graft mouse models with relative success. Mariniello et al
(240) reported marked growth inhibition using sorafenib
and everolimus, for VEGFR1-2 and mammalian target of
rapamycin inhibition, respectively, suggesting potential
antiangiogenic and antitumor effects. However, an earlier
clinical trial using bevacizumab, an anti-VEGF monoclo-
nal antibody, proved to be ineffective (239).
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VIIl. Prognostic Factors

Despite the generally unfavorable prognosis of ACC, there
is a marked individual variation in disease progression,
recurrence, and overall survival. Even in patients with
stage 4 disease, survival ranges from a few months to sev-
eral years. Exceptional cases of long-term survival with the
diagnosis of ACC have been reported (242). In the Mich-
igan Endocrine Oncology Repository, roughly 5% of all
patients diagnosed with ACC will have a disease course of
>10 years (T.E., unpublished results). Although this may
be caused by a referral bias, there is an emerging notion of
an ACC population with exceptionally long survival.

Despite these variations in survival, prognostic factors
have not been definitively researched. Naturally, age at
diagnosis is correlated with decreased overall survival
(243). However, whether this is true for tumor-free sur-
vival remains unclear. Tumor characteristics of malig-
nancy and velocity of tumor growth are usually related to
a decreased survival. Tumor extent (eg, stage), specifically
the presence of distant metastasis and number of organs
involved in metastatic disease, confers a worse prognosis
(243, 244). High tumor grade (>20 mitoses per HPF) is
also an unfavorable prognostic indicator (245). Although
older studies did not show any differences in prognoses for
patients harboring different hormone secretion subtypes
of ACC, some recent studies identified cortisol production
as an adverse prognostic factor (12, 85, 244).

IX. Therapy

Currently, the only curative approach to ACC is complete
tumor resection. Adjuvant therapies aim to decrease the
chance of recurrence. All therapy of unresectable or met-
astatic ACC must be considered palliative, a fact that
needs to be discussed with the patient so that reasonable
expectations are set. Although this review does not pro-
vide a detailed focus on palliative care, general principles
of palliative care need to be considered at any point during
the disease course. This includes improvement and sus-
tainability of quality of life (QOL) through necessary in-
terventions (eg, adequate control of hormonal symptoms,
pain control, and prevention of fractures caused by bony
metastasis) as well as minimizing side effects from anti-
neoplastic therapies.

A. Surgical therapy

Appropriate preoperative evaluation and operative
planning by a surgeon experienced in the resection of ma-
lignant adrenal tumors is of the utmost importance to as-
sure optimal outcome. Consideration of surgical anat-
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omy, the potential complications of surgical intervention,
expected outcomes including the tempo of recovery and
the various options for intervention, are all important with
regard to the beneficial application of surgical manage-
ment strategies for patients with ACC. However, in the
United States, 45% of adrenalectomies for ACC are per-
formed in community hospitals, 30 % in academic centers,
and only 15% in National Cancer Institute-designated
Cancer Centers, suboptimal treatment of a rare and ag-
gressive disease requiring specialized knowledge of surgi-
cal technique (11).

Operative planning hinges on the presumed preopera-
tive diagnosis. Surgery should be conducted only after ap-
propriate preoperative diagnostic tests, including bio-
chemical evaluation and imaging. In the setting of adrenal
imaging characteristics not clearly excluding malignancy,
surgeons are obligated to approach the resection as a can-
cer operation. Failure to do so often leads to dismal out-
comes, because an oncological resection for ACC is quite
different from one performed for a benign adrenal mass.

Preoperative imaging should be obtained to evaluate
the extent of tumor, possible invasion of surrounding an-
atomic structures, and technical ability of the tumor to be
completely resected. Imaging studies also help to guide the
surgeon as to the expected extent of resection required.
Careful attention should be paid to adjacent organs, the
adrenal and renal veins, the inferior vena cava, and the
aorta, including the takeoff of the celiac and superior mes-
enteric arteries. Despite preoperative diagnostics, approx-
imately 25% of stage 3 cases are initially suspected to be
stage 2 ACC but ultimately found to have microscopic
extension through the adrenal capsule. These cases go un-
recognized in the preoperative and intraoperative settings
and hence highlight the importance of careful surgical
technique including resection of all surrounding soft tissue
and adjacent organs if necessary (246). Imaging should be
obtained as close as possible to the anticipated date of
surgery, because many aggressive ACCs grow quickly and
involvement of adjacent structures may change, thereby
altering the operative plan. Intravascular ultrasound or
venography may complement other imaging studies to es-
timate extent of tumor involvement. Other preoperative
considerations include management and optimization of
those patients with hormone excess, especially those with
Cushing’s syndrome due to the numerous deleterious ef-
fects of elevated cortisol (poor wound healing, infection,
and metabolic derangements). Aggressive control of cor-
tisol excess should be attempted in the short period be-
tween identification of the tumor and surgery, but surgery
should not be unnecessarily delayed solely to tightly con-
trol hypercortisolism.

Although surgery is the treatment of choice for non-
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metastastatic ACC, the decision for resection of the pri-
mary tumor in stage 4 disease needs to be individually
addressed. In general, those with widespread distant met-
astatic disease in multiple organs or those with multiple
metastatic deposits in one organ system unable to be com-
pletely resected should not undergo adrenalectomy. The
primary tumor can instead be treated with external beam
radiation for palliation along with other adjuncts to im-
prove local symptoms and better control hormone excess,
if present (247). Some groups attempt to assess the tempo
of disease progression, waiting for several months to re-
stage the patient by imaging and may treat with chemo-
therapy and/or mitotane in the interval. If tumor burden
remains stable or decreases, then surgical treatment is pur-
sued and vice versa. Adrenalectomy in the setting of tumor
thrombus within the vena cava (if the tumor is otherwise
technically resectable) is reasonable. Obstruction or oc-
clusion of the vena cava by tumor thrombus can lead to
significant lower body and gastrointestinal (GI) tract
edema, which leads to significant patient suffering. Lack
of resection in the setting of vena cava thrombus can
quickly lead to death. If tumor resection is not technically
feasible for other reasons, vena cava stents can be placed,
leading to temporary prevention of occlusion.
Debulking for control of hormone excess in the setting
of known metastatic disease is also performed in some
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situations. The long-term durability of hormone control is
usually limited as the metastatic disease progresses. The
benefits of debulking must outweigh the risks of surgery in
these patients who have poor wound healing and lengthy
recovery periods due to preexisting debilitation. Postop-
erative QOL should be carefully considered in this setting
with respect to estimated length of survival.

1. Surgical approach

The first operation is the best chance for long-term local
control of malignancy. Poor initial surgical treatment can
rarely be corrected, whether by reoperation, radiotherapy,
or chemotherapy. Lack of attention to oncological prin-
ciples when resecting ACC may explain why no differ-
ences are observed in some series comparing laparoscopic
and open resections. Based on the University of Michigan
experience, an operation likely to be most effective for
treatment of ACC includes the steps outlined in Table 5.

2. Lymph node dissection

The role of lymph node sampling or formal regional
lymph node dissection in the treatment of ACC remains
unknown, and consensus within the field is needed (248).
There is also no formal agreement on the extent of lymph
node dissection. In general, the lymphadenectomy is per-
formed based on following the arterial supply. In the case

Table 5. Surgery

Surgical Steps

. Incision and exploration
of the peritoneal cavity.

. Evaluation of liver for
metastasis
. Containment

. Mobilization of organs
adjacent to tumor
. En bloc resection.

. Regional
lymphadenectomy

. Provide intact en bloc
specimen for pathologic
review

. Mark field to facilitate
postsurgical external
beam radiation therapy
. Dictate operative report

Make an ample incision. Subcostal incisions allow for better access than midline incisions.
Thoracoabdominal incisions are indicated in select situations.

Perform a complete and systematic evaluation of the peritoneal cavity.

Perform intraoperative ultrasound for metastatic deposits not evident on preoperative imaging.

A self-retaining retractor system with towels or laparotomy pads should be placed in such a way as
to exclude the rest of the peritoneal cavity from the area of the tumor and other organs requiring
resection.

Fully mobilize adjacent organs overlying the tumor (if not adherent to the tumor).

Preserve any tissue overlying the tumor. Use a no-direct-touch technique. Extreme caution should be
used mobilizing the soft tissue and tumor together as the capsule is easily ruptured or tumor cells
are abraded from the surface. The tumor should not be shelled out, but instead removed with the
entire retroperitoneal fat pad. Adjacent organs should be included with the en bloc resection if
adherent to the tumor rather than creating a plane between the tumor and organ.

Perform when feasible for staging purposes and clearance of in-transit tumor. Few lymph nodes
directly surround the adrenal. Representative draining lymph node basins can be found near the
renal hilum, celiac axis, and superior mesenteric arteries.

Mark the specimen with sutures to correctly orient the pathologist. Communicate any areas of
particular concern or clarify potential misconceptions regarding the resection. Do not morcellate
the specimen to facilitate removal through a smaller incision as this makes portions of accurate
pathological review impossible.

Clips should be placed around the periphery of the field of resection to facilitate planning for
possible external beam radiation therapy.

Include specific details of the operation, findings, areas of metastatic disease, any areas of tumor left
behind (known or possible), and acts of commission or omission to facilitate communication with
the multidisciplinary team.
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of adrenal tumors, the main lymphatic areas are the renal
hilum and the origin of the celiac and mesenteric artery.
Because lymph nodes ideally should be removed as part of
the en bloc resection, surgeons need to individually bal-
ance the increased risk due to extended surgery (eg, bleed-
ing) with the presumed benefit of radical lymph node dis-
section. The impact of regional lymph node metastasis
upon overall survival provides impetus for earlier or more
aggressive use of additional therapies when disease is pres-
ent in the lymphatic system (249). In one retrospective
study, locoregional lymph node dissection improved tu-
mor staging ability and led to a more favorable oncolog-
ical outcome in patients with otherwise localized ACC.
Some of the improved outcome can be attributed to the
upstaging of ACC patients with lymph node metastasis
and subsequent more aggressive treatment. Similarly,
more radical surgery in these patients can lead to increased
clearance of disease as opposed to a higher rate of positive
margins. Further validation in independent ACC cohorts
is warranted.

3. Open vs laparoscopic surgery

Controversy surrounds the appropriateness of laparo-
scopic adrenalectomy (LA) for patients with ACC. LA has
become the gold standard for resection of benign adrenal
masses, and it has been shown to result in significantly
lower morbidity, less pain, shorter hospital stays, and de-
creased overall time to recovery when compared with
open adrenalectomy (OA). Because effective adjuncts to
surgery for the treatment of ACC are extremely limited,
ensuring a complete, margin-negative tumor resection at
the initial operation is critical.

ACCs can invade through the tumor capsule and are
frequently microscopically present at the surface of the
gland. Application of laparoscopic instruments to the tu-
mor can result in shedding of malignant cells that is un-
detectable to the operating surgeon. Laparoscopy does not
allow for optimal exploration of the peritoneal cavity, and
tactile sensation is limited compared with an open ap-
proach. It is nonexistent during robotically performed
procedures (250). Minimizing direct contact with the tu-
mor surface is important so as not to abrade cells from the
tumor surface or enter the tumor capsule. Tumors should
not be morcellated before removal for reasons related to
later pathological review, and often a larger incision needs
to be made, defeating the purpose of small laparoscopic
incisions.

Some surgeons compromise by initiating adrenalecto-
mies laparoscopically to assess for evidence of intraperi-
toneal metastasis or invasion of the adrenal gland into
other organs (246, 251). However, this direct exploration
of the tumor violates oncological principles of resection.
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Frank penetration of the tumor capsule may occur early on
as may microscopic abrasion, leading to spread of tumor
cells.

A recurring argument is that in expert hands, LA may
be appropriate for certain malignant adrenal tumors.
However, there is no consensus definition of what consti-
tutes adequate expertise. Thirty to 40 LAs are generally
sufficient to reach some level of proficiency with the tech-
nique (252). This does not translate to expertise for bio-
logically aggressive, often invasive, larger adrenal cancers.
Unfortunately, most ACCs are removed by low-volume
and less experienced adrenal surgeons (253).

Published data comparing the efficacy of LA vs OA for
ACC are limited. All large series are retrospective, include
fewer than 200 patients (with most reports including
fewer than 10 patients), provide limited or no follow-up,
are hampered by referral bias, and include patients who
did not undergo their initial surgical resection at the re-
ferral center. The initial recommendations published after
the first International Adrenal Cancer Symposium held in
Ann Arbor, Michigan, in 2003 stated there was no role for
laparoscopic removal of a known or likely ACC, but
controversy existed regarding the role of laparoscopic re-
moval of indeterminate lesions (15). Recent recommen-
dations by the American Association of Clinical Endocri-
nologists and the American Association of Endocrine
Surgeons advocate OA by an experienced surgeon as the
procedure of choice (254). Conversely, the European So-
ciety of Endocrine Surgeons and European Society for
Medical Oncology suggest LA could be performed for
stage 1 and 2 ACC tumors less than 8 or 10 ¢cm if an RO
resection is performed and surrounding periadrenal tissue
removed (255, 256). Neither guideline addresses differ-
entiating stage 1 and 2 ACCs from microscopic or unap-
preciated stage 3 ACC preoperatively or how to ensure an
RO resection at the conclusion of an operation, because no
surgeon begins an operation intending to perform an R1
or R2 resection.

At least 7 studies have been published since 2010 that
specifically address the topic of LA vs OA for ACC. Two
studies published by the M.D. Anderson Cancer Center
reported a recurrence rate of 86% in the OA group (154
patients) and 100% in the LA group (6 patients) (251,
257). Local recurrence and peritoneal carcinomatosis was
more common in the LA group. In a study by Leboulleux
et al (258), peritoneal carcinomatosis occurred in only
25% of patients treated by OA, as opposed to 60% of
patients who underwent LA.

In contrast, other studies reported evidence that LA
may be comparable to OA in patients with stage 1 and 2
ACC based on no significant difference in recurrence-free
survival (259, 260). However, patients who had macro-
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scopically incomplete resection, tumor capsule violation,
and conversion from laparoscopic to open surgery and
those found to have stage 3 tumors on final pathology
were excluded from the study. This limits analysis to pa-
tients with true stage 1 or stage 2 disease, which cannot be
determined definitively before surgery.

A case-control study from the German ACC Registry
Group reported no difference in overall or disease-free
survival, tumor capsule violation, or peritoneal carcino-
matosis among 117 patients undergoing OA and 35 pa-
tients undergoing LA for stage 1 to 3 ACCsless than 10 cm
(261). However, 3 times as many patients in the OA group
had stage 3 disease and only 4 patients (11%) undergoing
LA were found to have stage 3 disease, potentially intro-
ducing a bias toward more advanced disease in the OA
group, and 37% of all patients had no data regarding
margin status.

Surgical studies should focus on local and peritoneal
recurrence as indicators of quality of surgical resection,
because type of operative approach likely has a much
smaller role in the development of distant metastases. A
retrospective study from the University of Michigan re-
viewed 88 ACC patients, 17 of whom underwent LA, and
79% of the operations were performed at outside facili-
ties, and no laparoscopic operations for ACC were per-
formed at the University of Michigan, potentially intro-
ducing a referral bias (262). Although overall recurrence
rates were similar and despite on average smaller tumors
in the LA group (7.0 cm) compared with the OA group
(12.3 cm), the LA group had a significantly earlier recur-
rence (9.2 vs 19.2 months). Furthermore, there were more
R1 or R2 resections or notation of intraoperative tumor
spill (50% vs 18%). These data suggest that although LA
may be technically feasible (even for large tumors) (263,
264), the use of LA in ACC leads to a shorter disease-free
interval and a higher incidence of incomplete resections.
These results were confirmed in an extended follow-up
study of 110 patients undergoing OA and 46 undergoing
LA. After LA, 30% had positive margins or intraoperative
tumor spill compared with 16% of OA patients despite
larger tumors and more stage 3 tumors. Overall survival
for patients with stage 2 ACC was longer in those under-
going OA, and time to visible tumor bed recurrence or
peritoneal recurrence in stage 2 patients was shorter in LA
patients.

In summary, existing data are inconclusive and more
studies are needed to better judge the equivalence of LA to
OA. In accordance with the experience gained at the au-
thors’ institution, a conservative approach using an open
approach is recommended for all adrenocortical lesions
that cannot be classified as benign before surgery.
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4. Surgery for recurrent disease

Extent of disease and tempo of disease progression
guide the decision for reoperation in the setting of recur-
rence. The number of organs involved by tumor at the time
of the first metastasis is a predictor of survival (243, 265).
In addition, University of Michigan data show the site of
first metastasis can also be used to predict survival, with
those having tumor recurrence in the peritoneum outside
the tumor bed having the worst survival. Surgery is indi-
cated in those patients with disease confined to 1 site or
organ. Beyond that, decisions regarding resection must be
individualized. The type of initial operative resection is
important to the decision-making process for reoperation.
Patients with tumor bed recurrence who have undergone
LA are much more likely to have disease too small to be
detected by imaging elsewhere in the peritoneal cavity
compared with those having undergone OA based on our
experience.

A 1999 study reported median survival of 74 months
(5-year survival, 57%) in those undergoing complete sec-
ond resections vs a median survival of 16 months (5-year
survival, 0%) in those undergoing incomplete second re-
section. Although neither tumor grade nor additional non-
surgical treatment received was discussed in this study
(266), data from other studies note their influence on out-
come, although subsequent recurrence is expected (267,
268).

Tumor grade influences the decision for reoperation
because it correlates with survival (243, 245). In those
with low-grade tumors, tempo of disease progression can
be slower and lead to longer survival with resection of sites
of recurrence or metastasis. In contrast, those patients
with high-grade tumors benefit less from reresection, be-
cause other sites of disease often appear quickly. It is not
uncommon for the authors to wait 3 months while treating
with chemotherapy to assess for tumor responsiveness
and/or tempo of progression. If progression is not rapid,
surgery may proceed with greater benefit, whereas those
with evidence of marked progression of disease do not
undergo surgery.

B. Adjuvant therapy

The outcomes after surgical resection alone have re-
mained suboptimal (11, 244, 267, 269-273). The evi-
dence that patients with ACC remain at high risk for tu-
mor recurrence despite complete surgical tumor excision
has fueled the search for adjuvant therapies. Even with
ostensibly complete resections, rates of local recurrence
have typically ranged from at least 19% to 34% in those
patients with no residual disease after surgery (244, 267,
270). High local recurrence rates after seemingly complete
resections underscore the difficulty of achieving adequate
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margins during surgery. This fact is well illustrated by an
analysis of almost 4000 patients from the National Cancer
Data Base, which found that 9% of ACC patients treated
with surgery had microscopically positive margins (R1),
whereas a further 10% had macroscopically positive mar-
gins (R2) (11). Not surprisingly, patients with positive
margins had a dismal prognosis compared with those with
uninvolved margins; 5-year survival was 10% after R2
resection, 21% after R1, and 49% after RO (11). These
results closely correspond with the surgical outcomes from
a variety of other solid malignancies, in which a survival
benefit is often seen in patients after a complete resection
with negative margins but not in those with positive mar-
gins (19, 91, 244, 267, 273-275).

For patients with an increased risk of local recurrence, eg,
R1 resection with microscopic rests, radiation therapy to the
tumor bed had long been employed. The adjuvant use of
mitotane had also been practiced at several centers for de-
cades. However, until recently, conclusive data regarding the
efficacy of both of these adjuvant treatment modalities had
been missing, and adjuvant therapy remains a controversy.
Adjuvant treatment modalities are discussed in the respective
treatment chapters below.

C. Medical therapy

1. Mitotane

The adrenolytic activity of derivates of the insecticide
dichlorodiphenyltrichloroethane was first described in
dogs in 1948 (276). Early trials in human patients with
hypercortisolism failed because the original insecticide
DDD (dichlorodiphenyldichloroethane) (Rothane) was a
mixture of several isomers (277,278). In 1960 Bergenstal
et al reported responses to therapy with the isolated 1-(o-
chlorophenyl)-1-(p-chlorophenyl)-2,2-dichloroethane
isomer (0,p'DDD, mitotane) that harbors the adrenolytic
activity (278). Since then, further modifications and iso-
lations of enantiomers have aimed to improve the adre-
nolytic activity, improve pharmacokinetics and reduce
side effects, unfortunately with only marginal improve-
ment (279, 280). However, some compounds, such as the
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dichlorodiphenyltrichloroethane-metabolite, 3-methyl-
sulphonyl-DDE (dichlorodiphenyldichloroethylene) have
extended the adrenolytic activity to other species, such as
rodents, but been of limited value in human cell line xeno-
grafts (281, 282).

Mitotane remains the only drug approved by the U.S.
Food and Drug Administration and European Medicine
Executive Agency for treatment of ACC (15). The phar-
macological mechanism by which mitotane exerts its ad-
renolytic effect is still not completely understood. Mito-
tane leads with relative specificity to a destruction of the
inner zones of the adrenal cortex, the zona fasciculata, and
zona reticularis. In dog adrenal glands, mitotane leads to
cell death, most likely via necrosis, and is followed by the
emergence of a dense inflammatory infiltrate (283). In ex
vivo adrenal perfusion experiments, it was shown that
mitotane can be extracted in the adrenal gland and further
metabolized (284). Active metabolites produced by adrenal
mitochondria, in turn, covalently bind to mitochondrial pro-
teins hypothesized to inhibit mitochondrial respiration
(285). Furthermore, mitotane metabolites inhibit several en-
zymes in the adrenocortical steroidogenesis pathway, mainly
at the level of the cholesterol side-chain cleavage enzymes
CYP11A1 (which appears to be one of the covalently bound
mitotane targets) and CYP11B1 (286, 287).

Roughly 40% of mitotane is absorbed from the GI
tract, and a significant amount is distributed to fatty tis-
sues. After a usual daily dose of 5 to 15 g/d, plasma levels
range between 0 and 90 mg/L. Doses greater than 20 g
regularly result in neurological side effects, which are re-
versible with normalization of plasma levels (288).

Several studies have evaluated the efficacy of mitotane
as an adjuvant therapy or for advanced ACC as a single
treatment or in combination with chemotherapy (Tables 6
and 7). However, all studies are retrospective, and older
studies lack the advantage of cross-sectional imaging.
Therefore, all disadvantages of retrospective studies need
to be taken into account when interpreting the large vari-
ation in responses. In addition, most studies were single-
center studies, often including only a relatively small num-

Table 6. Studies Evaluating Mitotane as an Adjuvant Therapy (All Retrospective)
Study Year Number With/Without Mitotane DFS (o}
Bodie (340) 1989 21/25 Not significant Not significant
Pommier (275) 1992 10/43 Significantly better
Vassiloupolou-Sellin (369) 1993 8/6 Significantly worse Not favorable
Haak (269) 1994 11/36 Not significant Not significant
Barzon (370) 1997 7/11 Not significant Not significant
Terzolo (290) 2007 47/130 Significantly better Significantly better/favorable
Bertherat (291) 2007 86/80 Not significant NA
Grubbs (257) 2010 22/196 Favorable No difference

Abbreviations: DFS, disease-free survival; OS, overall survival.
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Table 7. Studies Using Mitotane as a Therapeutic Agent (Nonadjuvant)
Number of Observed Number of

Study Year Design Patients Responses Responders Percent
Van Slooten (371) 1984 Retrospective 34 PR 8 23.53
Venkatesh (26) 1989 Retrospective 64 PR 21 32.81
Luton (10) 1990 Retrospective 37 SD (2), PR (8) 10 27.03
Decker (372) 1991 Prospective 36 CR(2), PR (6) 8 22.22
Pommier (275) 1992 Retrospective 29 PR (7) 7 24.14
Haak (269) 1994 Retrospective 52 PR (7), CR (8) 15 28.85
Barzon (370) 1997 Retrospective 11 PR (2) 2 18.18
Williamson (373) 2000 Prospective 16 SD (2), PR (2) 4 25.00
Baudin (374) 2001 Prospective 13 CR(1), PR(3) 4 30.77
Gonzalez (244) 2007 Retrospective 67 CR (4), SD (10), PR (9) 23 34.33
Total 359 102 28.41

Average % 26.01

Abbreviations: PR, partial remission; SD, stable disease; CR, complete remission.

ber of patients. These shortcomings have led to the
currently only prospective randomized multicenter study
for mitotane as an adjuvant therapy for low to moderate
risk for recurrence ACC (ADIUVO, Efficacy of Adjuvant
Mitotane Treatment) (289).

a. Mitotane for adjuvant therapy. Adjuvant treatment is rou-
tinely started within 3 months after surgery. The advan-
tage of starting mitotane as early as possible after surgery
was recently confirmed in mouse experiments, in which
mitotane was significantly more successful in preventing
the growth of xenotransplants when given at the time of
tumor cell inoculation rather than at the time of visible
tumor growth (282). A recent large retrospective study
suggests a benefit of adjuvant mitotane therapy. In this
study, adjuvant mitotane therapy showed significant im-
provement in median tumor-free survival in patients with
completely resected ACCs (42 vs 10 and 25 months in 2
control groups). Median overall survival was significant
only in comparison with one of the control groups (110 vs
52 and 67 months) (290). It seems that only a subgroup of
patients may benefit. Analysis from other centers suggest
probable benefits only for cortisol-producing tumors
(291). Although often usual practice, no study has for-
mally evaluated the combination of mitotane and radia-
tion therapy. This approach is supported by in vitro find-
ings of mitotane acting as a radiation sensitizer (292,293).

b. Mitotane forrecurrent and advanced disease. The efficacy of
mitotane therapy in the setting of not completely resect-
able, metastasized, or recurrent ACC is well established.
Overall, 30% of patients show stable disease or partial
remission after treatment with mitotane (Table 7). Some
trials report an occasional complete remission, but these
are rare events (294). All studies have been retrospective
and uncontrolled, and it is the general experience that a
subgroup of patients shows a very slow disease progress,

possibly confounding interpretation of these results. De-
spite the fact that at best only one-third of patients will
have a response to mitotane, only very few studies have
analyzed patient-, tumor-, or drug-related factors that
may influence patient outcome and predict patients who
may respond to mitotane therapy. The most important
prognostic factor is the mitotane plasma level (295). Most
studies, including a large retrospective analysis, have de-
fined the therapeutic mitotane level to be 14 to 20 mg/L
(296). Some case series have argued for an effectiveness of
low-dose mitotane therapy (297). However, until further
evidence for the effectiveness of low levels, mitotane treat-
ment in the adjuvant or therapeutic setting should aim for
the established therapeutic target range. On the molecular
level, RRM1 expression has been found to be inversely
correlated with mitotane response. Low RRM1 expres-
sion was a predictor of response to mitotane therapy with
prolonged tumor-free survival (298).

¢. Mitotane management. Managing mitotane therapy is a
fairly intensive process and requires experience. The au-
thors prefer a slight modification of the protocol as out-
lined by Terzolo et al (241). The dose is initiated at 1 g
twice daily and increased every 4 to 7 days by 0.5 to 1 g/d
until a daily dose of 5 to 7 g is reached. A low-dose loading
protocol has also been described, probably leading to
fewer side effects, the same efficacy, and increased patient
compliance. Regardless of the initial protocol, appropri-
ate monitoring of blood levels is key and readily available
in most countries. After the initial loading phase, the mi-
totane dose is titrated to a blood level of 14 to 20 mg/L.
Side effects are mainly GI, neurological, and metabolic/
endocrinological in nature and can usually be managed
when mild (Table 8).

The Gl side effects (nausea and diarrhea) are most com-
monly dependent on the actual dose in contact with the
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Table 8. Mitotane Therapy Side Effects

Organ System Symptoms and Signs

Frequency Action Required

Gl tract
General Nausea, vomiting, diarrhea
Increased ALT and AST None
Increased ALP and GGT None

Autoimmune or drug-induced Cholestasis, liver failure
hepatitis

CYP3A4 induction Increased hepatic drug metabolism
Central nervous system

General Fatigue, somnolence, stupor, ataxia,

balance disorder, decreased memory,

depression, dysphasia
Endocrine system
Adrenal insufficiency Fatigue, nausea, abdominal pain,

increased ACTH

Very common
Common

Supportive therapy

Hold mitotane and evaluate for causes with fast
increase or enzymes >3- to 4-fold

None

Stop mitotane

Very common

Rare

Very common Evaluate all drugs for CYP3A4 metabolism, consider
measuring levels

Obtain mitotane level and hold mitotane until
symptoms resolve

Very common

Very common  Always start hydrocortisone with
mitotane (minimum 30 mg/d, but may need

substantially more); consider fludrocortisone

Hypogonadism Loss of libido, fatigue, muscle weakness, ~ Common Initiate testosterone replacement
low bioavailable testosterone
Hypothyroidism Weight gain, fatigue, dry skin, depression Common Initiate thyroid hormone replacement
Gynecomastia Painful breast growth Common Consider radiation therapy or pharmacotherapy with

Lab abnormalities

T,
Hypercholesterolemia High cholesterol
Skin
Rash Rash
Blood

Leukopenia, thromocytopenia

Increased SHBG, CBG, low TSH, low free

aromatase inhibitor or antiestrogen. Replace
testosterone in case of hypogonadism
Very common None
Very common Treat with statin (choose statin not metabolized by

CYP3A4, eg, pravastatin)

Common Hold mitotane, may try restart depending on severity
of reaction
Rare Depending on severity, hold mitotane

lumen of the Gl tract. These effects are rarely dose limiting
and can be attenuated by distributing the mitotane
amountinto 3 or 4 daily doses. Gl side effects are also often
ameliorated by taking mitotane with food, specifically lip-
id-rich foods, such as dairy (eg, a milkshake) or peanut
butter. Mild to moderate side effects can also be treated
with antiemetic and antidiarrheal medications. Nausea
can be treated with ondansetron, prochlorperazine, or
metoclopramide. Because all of these drugs are metabo-
lized by CYP3A4, increased doses may be necessary. Di-
arrhea can be treated with loperamide and in severe cases
with opium tincture. Most importantly, patients should be
carefully evaluated whether GI symptoms could be due to
adrenal insufficiency, in which case a hydrocortisone in-
crease may ameliorate symptoms.

Neurological side effects have a wide range from minor
mental slowing, ataxia, and dysphasia to severe somno-
lence and lethargy. Some patients on mitotane with sig-
nificant neurological side effects receive a work-up for a
presumed stroke when treating physicians are not familiar
with mitotane therapy or the information on mitotane
therapy was not readily available. Neurological side ef-
fects are dependent on plasma mitotane levels and usually

do not occur until blood levels rise higher than 20 mg/L.
In the case of worsening or intolerable side effects, dose
reductions or withholding medication for 1 to 4 months is
sometimes necessary. Neurological side effects are the
main limiting side effect.

Several biochemical abnormalities occur, but most of
them can be tolerated and do not require dose adjust-
ments. Mitotane therapy almost invariably leads to an
increase in liver enzymes and hypercholesterolemia. Al-
kaline phosphatase and y-glutamyl transferase (GGT) can
increase significantly and the rise is usually of no clinical
significance, but aspartate aminotransferase (AST) and al-
anine aminotransferase (ALT) show only mild elevation.
Usually no adjustment of mitotane dose is necessary.
However, with rapidly rising levels of AST and ALT or
levels greater than 3-fold the normal range, mitotane ther-
apy should be temporarily withheld and evaluation for
mitotane-induced hepatotoxicity or other liver patholo-
gies initiated. Hypercholesterolemia is best treated with a
statin, preferably pravastatin or another compound that is
not metabolized by CYP3A4.

Major endocrine abnormalities result from the effect of
mitotane on steroid hormone biosynthesis. Three main
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mechanisms lead to adrenal insufficiency and decreased
bioavailability of cortisol: 1) inhibition of steroid hor-
mone biosynthesis at the level of CYP11B1 and CYP11A1,
2) induction of CYP3A4 and increased 68-hydroxylation
of cortisol, and 3) induction of cortisol binding globulin
(CBG). Adrenal insufficiency occurs invariably and is
treated preemptively. All patients are started on a mini-
mum of 30- to 40-mg daily dose of hydrocortisone. Sup-
raphysiological hydrocortisone doses up to 50 to 100 mg
daily may be necessary because of the increased cortisol
catabolism. Dose adjustments are mainly made based on
clinical findings and evaluation of ACTH, morning serum
cortisol, and 24-hour urine free cortisol levels. Due to
CBG induction and increased cortisol metabolism, neither
plasma level nor 24-hour urine excretion are entirely re-
liable for treatment monitoring. Hydrocortisone therapy
needs to be continued after cessation of mitotane until the
patient does not show any clinical or biochemical evidence
of adrenal insufficiency. Even after discontinuation of mi-
totane therapy, CYP3A4 induction and mitotane levels
persist up to several months. Occasionally, mitotane may
affect mineralocorticoid synthesis and replacement ther-
apy with fludrocortisone therapy may become necessary.
Replacement with mineralocorticoids should be consid-
ered in cases with hypotension or symptomatic orthostatic
hypotension and hyperkalemia. Doses of 0.05 to 0.2 mg
fludrocortisone are usually sufficient, and monitoring can
be done by following renin activity targeted to the normal
range.

Hypogonadism in male patients often requires replace-
ment therapy. Mitotane induces SHBG and increases total
testosterone but decreases the bioavailable fraction. Fur-
thermore, mitotane has recently been shown to inhibit
Sa-reductase, reducing the generation of more potent an-
drogens (299). Possibly due to the relative increase in
SHBG as well as inhibition of Sa-reductase by mitotane,
male patients might develop gynecomastia. Gonadotro-
pins are unchanged. In the presence of hypogonadal symp-
toms, testosterone replacement therapy is recommended.

Although TSH and free T levels are often unchanged,
free T, levels decrease. It has been determined that this is
not a laboratory artifact because mitotane does not inter-
fere with thyroid hormone measurements (300). One in-
terpretation is that the changes are due to partial central
hypothyroidism. This is further backed up by experiments
in cell lines, where mitotane directly induces apoptosis in
thyrotrope cells (300). The decision for replacement ther-
apy with levothyroxine should be made in the presence of
clinical symptoms and signs of hypothyroidism.

Metabolism of the patient’s nonendocrine medication
should also be evaluated. It has recently become clear that
mitotane is a very strong inducer of the drug-metabolizing
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microsomal liver and gut enzyme CYP3A4 (299, 301-
303). Common drugs metabolized by this enzyme are st-
atins, opiates, benzodiazepines, warfarin, and some anti-
biotics (for a complete list see Ref. 301). Other drugs
regularly used in combination with mitotane, such as plat-
inum-based cytotoxic drugs, doxorubicin, and etoposide
are also metabolized by CYP3A4, potentially reducing
their antineoplastic effect. This is especially important
when evaluating new drugs and targeted agents. A study
using sunitinib, which is metabolized by CYP3A4, raised
concerns that several of the study subjects did not reach
therapeutic levels of this drug (302, 304). This is of con-
cern because many new drugs and experimental regimens
are evaluated in patients that have failed other therapies,
such as mitotane. As mentioned above, mitotane levels can
persist for up to 1 year after therapy, and the effect on
CYP3A4 can last at least as long. This observation gave
rise to the discussion to evaluate new agents as a frontline
therapy rather than after failing traditional schemes.

Greater than half of the women with ACC are diag-
nosed during childbearing age. There is a general concern
that pregnancy may lead to increased likelihood of relapse
and increased tumor growth. However, supporting evi-
dence is minimal. During mitotane therapy, we generally
recommend contraception, preferably barrier methods.
With regard to fetal health, data are conflicting. Although
there is a clear theoretical concern for disorders of sexual
development in the developing fetus, there is little sup-
porting evidence. At least 6 pregnancies with conception
during or shortly after mitotane therapy have been re-
ported. Four children were born evidently healthy, and no
birth defects were encountered (305-307). In 1 case, an
abortion was performed and minor abnormalities of the
morphology of the adrenal gland were described (308). A
recent case report analyzed blood levels in a 21-week ges-
tation normally developed fetus from a pregnancy termi-
nated for ACC recurrence (309). In this study, amnion
fluid and cord blood levels of mitotane were undetectable,
arguing that there may be minimal exposure to the fetus.

A summary of suggested laboratory surveillance with
mitotane therapy is shown in Table 9.

2. Cytotoxic chemotherapy

Cytotoxic chemotherapy is currently a mainstay of
treatment for advanced and metastasized ACC. Initial
studies in the 1970s and 1980s evaluated single-com-
pound regimens with minor success and a response rate
ranging from 10% to 20%. These early studies led to the
currently used combination regimens. Of the single-com-
pound studies, at least 2 are worthwhile mentioning be-
cause they are somewhat unique to ACC. Suramin, a com-
pound used traditionally for the treatment of sleeping
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Table 9. Surveillance During Mitotane Therapy

Regular Laboratory Surveillance for Mitotane

Mitotane level (monthly until therapeutic, then every 3 mo)
Every 3 mo

Complete blood count

Liver function tests (AST, ALT)

Cholestatic parameters (ALP, GGT, bilirubin)

Free T,, TSH

Cholesterol

Renin

ACTH, cortisol, 24-h urine free cortisol®

Males: bioavailable testosterone, LH, FSH

@ Use of these parameters is limited by the effects of mitotane on cortisol levels
and cortisol metabolism and need to be interpreted with caution.

sickness, had been found to induce adrenal insufficiency in
humans and to have adrenolytic activity in animal exper-
iments, where it led to inflammatory changes of the ad-
renal cortex (310, 311). Subsequently, suramin has been
tested in 2 studies where it led to an overall response rate
of ~20%. However, treatment had a narrow therapeutic
range and serious side effects (312, 313). Another com-
pound that had been evaluated as a single agent is gossy-
pol, a natural phenol from the cotton plant. An initial
study suggested a response rate of 14%, but the results of
repeat studies are pending (314).

Several studies have evaluated chemotherapeutic regi-
mens with or without concurrent mitotane (Table 10). The
interpretation of early studies is difficult due to different
study populations, ranging from microscopically remain-
ing tumor to advanced pretreated metastasized disease.
Responses are defined differently in these studies, and it is
an ongoing discussion whether stable disease is a mean-
ingful endpoint in otherwise noncurable cancers. The
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overall response to chemotherapeutic regimens is 30%
and 50%, when counting stable disease as a response.
However, the response is invariably transient and short-
lived (6-18 months). To establish a gold standard of cy-
totoxic chemotherapy for ACC, a recent phase 3 trial
(FIRM-ACT, First International Randomized Trial in Lo-
cally Advanced and Metastatic Adrenocortical Carci-
noma Treatment) compared the most promising regimens
(etoposide, doxorubicin, cislatin, mitotane [EDPM] vs
streptozotocin, mitotane). This study confirmed the effi-
cacy of chemotherapy and proved the superiority of
EDPM. The response rate was 20% and 50%, when stable
disease was included. However, the median progression-
free survival, again, was short with a median of 5§ months
(and even 2 months in the streptozotocin, mitotane
group). Although this study established EDPM as an ef-
ficacious therapy, it also underscored the limitations of
chemotherapy for ACC. All study patients received con-
current mitotane therapy and with the recent finding of
increased metabolism of other drugs due to CYP3A4 in-
duction (eg, affecting cisplatin metabolism), there is crit-
icism regarding whether chemotherapy without mitotane
may be more successful. Subanalyses from the FIRM-ACT
trial using mitotane levels and mitotane treatment dura-
tion may be helpful.

3. Targeted therapy

The poor prognosis of ACC despite traditional thera-
pies has led to the exploration of new modes of treatment,
using targeted agents. The term targeted therapy refers to
pharmacological compounds with defined molecular tar-
gets, such as receptors or intracellular enzymes. Unfortu-

Table 10. Multidrug Chemotherapy in ACC (All Prospective)

Total % CR, % CR, Response
Study Year Regimen Disease Number CR PR SD PR PR, SD Mitotane Duration, mo
Van Slooten (375) 1983 Cyclo, Cis, Dox Advanced 11 0 2 6 18 73 No 10-23
Schlumberger (376) 1991  5FU, Cis, Dox Advanced 13 1 3 3 31 54 No 6-42
Burgess (377) 1993 Cis, Eto Advanced 11 0 6 NA 55 No Median 9
Bukowski (378) 1993 Cis Advanced 37 1 10 NA 30 Yes Median 7.9
Bonacci (379) 1998 Cis, Eto Advanced 18 3 3 2 33 44 Some 9-26
Berruti (380) 1998 Cis, Eto, Dox Advanced 28 2 13 8 54 82 Yes Median 24.4
Williamson (373) 2000 Cis, Eto Advanced 37 0 5 NA 14 No NA
Khan (381) 2000 Sz Advanced 23 1 6 5 30 52 Yes Median 7
Abraham (382) 2002 Do, Eto, Vin Advanced 35 1 7 23 Yes Mean 12.4
Baudin (383) 2002 Irinotecan Advanced/failed 12 0 0 3 0 25 No NA
Khan (384) 2004 Cyclo, Vin, Cis, Ten  Advanced/failed 11 0 2 7 18 82 No Median 6.75
Berruti (385) 2005 Cis, Eto, Dox Advanced 72 5 30 NA 49 Yes Median 18
Sperone (386) 2010 Gem, 5FU or Cap Advanced/failed 28 1 1 11 7 46 Yes Median 9.8
Fassnacht (387) 2012 Cis, Eto, Dox Advanced 151 2 29 53 21 56 Yes Median 5.1
Fassnacht (387) 2012 Sz Advanced 153 1 11 34 8 30 Yes Median 2.5
Total 640 18 128 132 23 43
Median 30 54

Abbreviations: Cyclo, cyclophosphamide; Cis, cisplatin; 5FU, fluorouracil; Eto, etopside; Dox, doxorubicin; Sz, streptozotocin; Vin, vincristine; Ten, teniposide; Gem,
gemcitabine; PR, partial remission; SD, stable disease; CR, complete remission; mo, months.
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Table 11. Targeted Therapy in ACC (All Advanced Disease/Failed Therapy)
Total %CR, %CR, Response Duration,
Study Year Regimen Disease Number CR PR SD PR PR, SD mo
Rustin (388) 2003 Combretastatin Advanced/failed 1 0 1 0 100 100 Continued after initial PD
Shah (389) 2005 Irinotecan, flavopiridol, CDK  Advanced/failed 2 o 0 2 0 100 8.1-15.4
inhibitor
Gross (390) 2006 Imatinib Advanced/failed 4 0 0 0 0 0 NA
Quinkler (391) 2008 Erlotinib, gemcitabine Advanced/failed 10 0 O 1 0 10 8
Hong (392) 2009 Sorafenib, tipifarnib Advanced/failed 2 0 0 2 O 100 4and 7
Wortmann (239) 2010 Bevacizumab, gemcitabine  Advanced/failed 10 0 0 0 0 0
Haluska (316) 2010 Figitimumab Advanced/failed 14 0O 0 8 0 57 3-5.5
Naing (317) 2011 Cixutumab, temserolimus Advanced/failed 10 0 0 4 O 40 8+
Berruti (393) 2012 paclitaxel, sorafenib Advanced/failed 25 0O 0 O 0 0 Progression in 9 patients,
early termination
Kroiss (304) 2012 Sunitinib Advanced/failed 35 0O 0 5 0 14 56-11.2
Total 113 0 1 22 1 20
Median 0 27
Abbreviations: PR, partial remission; SD, stable disease; CR, complete remission; mo, months.

nately, results of these studies have been disappointing so
far (Table 11). They all share the criticism that they have
been evaluated in heavily pretreated patients, who often
have been or were on concurrent mitotane therapy, which
may have blurred some of their potential effects. This is an
argument to try some of these agents in treatment-naive
patients. The most data for targeted therapy exist for the
IGF-1R antagonists. These studies had been initiated with
great hopes and were based on the knowledge that chil-
dren with BWS have higher levels of IGF-2 and that IGF2
is the most highly expressed gene in sporadic ACCs when
compared with ACAs or normal tissues. Drugs targeting
the IGF-1R system are currently being tried in phase 1 and
phase 2 trials in several tumor entities (315). Several stud-
ies investigated drugs targeting IGF-1R in patients with
stage 4 disease. The first study investigated figtilimumab,
a fully human monoclonal antibody directed toward
IGF-1R (316). Treatment-related toxicities were generally
mild and mainly included hyperglycemia, nausea, fatigue,
and anorexia. Eight of 14 patients had stable disease as
their best response. However, after 7 cycles (~6 months),
all patients showed disease progression. Another phase 2
study used IMCA12 (cixutumab), a fully humanized
IGF-1R antibody, in patients with stage 4 ACC that were
treatment-naive. Although the initial trial design was to
compare mitotane plus IMCA12 vs mitotane alone, a first
phase of this trial enrolled 19 patients to mitotane and
IMCA12 to assess toxicity. However, due to the lack of
overall response and recruitment difficulties, the trial was
terminated early (G.D.H., unpublished results). In an-
other study, cixutumab in combination with temsirolimus
was evaluated in 10 patients with ACC. Stable disease in
4 patients, at a maximum lasting for greater than 8
months, was the best response (317). The phase 3 trial
GALACCTIC compared OSI906, a small-molecule inhib-

itor of IGF-1R and insulin receptor, in patients with stage
4 disease in a placebo-controlled fashion, with two-thirds
receiving study drug and one-third receiving placebo. The
results of this study as well as potential subanalyses of
patients benefiting from the trial drug are pending. The
generally disappointing results of studies targeting the
IGF-1R system together with a critical review of in vitro
results and studies in transgenic mice have sparked a recent
discussion on the contribution of IGF-2 to adrenal tumor-
igenesis (318).

A study using the multikinase inhibitor sunitinib led to
stable disease in 5 of 35 patients (304). Interestingly, con-
comitant mitotane treatment negatively affected patient
response, and sunitinib and mitotane levels were anticor-
related. The reasons for these findings are induction of
CYP3A4 by mitotane and metabolism of sunitinib by the
same enzyme (301, 304). This observation has focused the
discussion on drug-drug interactions when using mitotane
and led to the conclusion that newer substances need to be
evaluated either as a frontline therapy or after washout of
mitotane.

Although molecular targeted therapy based on basic
research findings is intriguing, unfortunately, none of the
studies so far have shown definitive effectiveness that
would make any of the substances a good candidate for
further exploration or routine use in ACC therapy. How-
ever, trials with new targeted substances are under way,
and altered regimens and combination therapies may hold
some promise.

A radionucleotide-based approach to therapy of ACC is
the use of [*'TJIMTO. ['**TJIMTO single-photon emission
CT imaging showed high tracer uptake in tissue of adreno-
cortical origin (110), suggesting that ['*'IJIMTO represents
a suitable compound for targeted radionuclide therapy.
["*]IMTO treatment in 11 patients with advanced ACC
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Table 12. Therapeutic Agents for Hormonal Control

Hormonal
Derangement Medication Dose per Day Side Effects
Hypercortisolism Mitotane 2-12 g, to target level 14-20 See Table 7, use mainly for adrenolytic effects
mag/L
Mifepristone 300-1200 mg Fatigue, nausea, headache, hypokalemia, arthralgia,
vomiting, edema, and endometrial thickening
Metyrapone 250-3000 mg Hyperandrogenemia
Ketoconazole 200-1200 mg Nausea, vomiting, abdominal pain, hepatotoxicity
Etomidate 0.02-0.03 mg/kg/h Sedation (usually occurs at significantly higher
doses)
Aminoglutethemide® 250-1000 mg Rash, nausea, vomiting, anorexia, sedation, lethargy
Mineralocorticoid excess Spironolactone 25-200 mg Hyperkalemia, gynecomastia
Eplerenone 50-200 mg Hyperkalemia

Hyperandrogenemia
Estrogen excess

Spironolactone
Aromatase inhibitors

SERMs (tamoxifen,

raloxifene) 60 mg

Anastrazole 1 mg

Letrozole 2.5 mg

Exemestane 25 mg

Tamoxifen 20—40 mg, raloxifen

Hyperkalemia, gynecomastia
Bone loss, nausea

Deep venous thrombosis

Abbreviation: SERM, selective estrogen receptor modulator.

@ Not commonly available anymore.

resulted in median progression-free survival for 14 months in
6 patients who responded to therapy (319). The clinical util-
ity of this technology, however, needs further evaluation
with prospective clinical trials

4. Therapy for hormone excess

Control of the deleterious effects of elevated hormone lev-
elsin ACC patientsisimportant. In general, several inhibitors
of steroidogenesis as well as direct hormone receptor antag-
onists can be used to achieve this goal. With the exception of
mifepristone and mitotane, treatment of hormone excess
with all substances mentioned below is regarded as off-label
treatment in most countries. Adjunct therapy to control side
effects with nonspecific pharmacotherapy, such as the use of
drugs to prevent osteoporosis, antihyperglycemic drugs, or
antihypertensive drugs, may be necessary as well.

Several inhibitors of steroidogenesis are in use and sum-
marized in Table 12 and Figure 1. During treatment with
any of the steroidogenesis inhibitors, patients need to be
regularly evaluated for adrenal insufficiency and should
be regarded as adrenal-insufficient in times of physical
stress (febrile illness or significant injury/surgery). Mito-
tane inhibits CYP11A1 and CYP11B1 and together with
its adrenolytic effects may lead to some control of hor-
mone levels. Ketoconazole and metyrapone are commonly
used to control glucocorticoid excess. Ketoconazole
inhibits CYP17A1, CYP11A1l, and to some extent
CYP11B1 (320). The usual starting dose is 200 mg twice
daily and can be increased to 1200 mg/d. During treatment
with ketoconazole, liver enzymes need to be carefully
watched. Because it is an inhibitor of several hepatic drug-
metabolizing enzymes (eg, CYP3A4, CYP2C9, and

CYP1A2),druginteractions need to be carefully reviewed.
Another powerful inhibitor of steroidogenesis at the level
of CYP11B1 is metyrapone (321), and 250 mg twice daily
is the usual starting dose and can be increased to 2 to 3 g/d
in 250-mg intervals. Due to the inhibition of CYP11B1, a
relative increase in adrenal androgens may occur, possibly
worsening symptoms related to hyperandrogenemia.
Other steroidogenesis inhibitors such as aminoglutethim-
ide or etomidate are not in widespread use. Aminoglute-
thimide is an inhibitor of CYP11A1 and CYP11B1 and
was initially introduced as an antiepileptic medication
(322, 323). However, aminoglutethimide is no longer
available in most countries. Etomidate is an anesthetic
compound often used for rapid induction for intubation or
short-term procedures. Even at doses much lower than
those used for anesthesia, etomidate is a powerful inhib-
itor of CYP11B1 and CYP11B2 (324, 325). For this effect,
it can be used in the inpatient setting. Some centers have
experience with a steady low-dose perfusor, which is a
last-resort option. Steady infusion can be safe because
doses used are only 1/10 of the anesthetic dose (2-3 vs
20-30 mg/h).

A direct antagonist used for glucocorticoid excess is
mifepristone. Treatment can be initiated with 300 mg
daily and titrated up to 1200 mg daily. Overt adrenal
insufficiency is rare under treatment with mifepristone
(326). However, neither ACTH nor glucocorticoid levels
can be used to guide therapy. The most common side ef-
fects are hypokalemia and hypertension due to the direct
effects of the very high cortisol levels on the renal miner-
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alocorticoid receptors. This effect can be further con-
trolled with the addition of spironolactone or eplerenone.

Spironolactone can also be used to control androgen
effects in women with androgen-secreting tumors and
mineralocorticoid effects in patients with mineralocorti-
coid-secreting tumors. Doses may need to be as high as 200
to 400 mg/d. For the rare cases of male patients with gy-
necomastia, aromatase inhibitors (eg, anastrozole and
letrozole) as well as estrogen receptor antagonists (eg, ta-
moxifen and raloxifene) can be used.

Because cortisol production is regarded as an adverse
prognostic factor, one can speculate that treatment to nor-
malize hormone effects may not only improve QOL but
also positively affect survival parameters.

D. Radiation therapy

As with other malignancies, local control of ACC is im-
portant both for effecting the possibility of a disease cure and
for improving symptomatic outcomes. Although tradition-
ally considered ineffective for ACC (327-331), radiotherapy
has been shown in several recent series to offer a significant
improvement in disease control in both the adjuvant and
palliative settings (247, 332-337), although such an im-
provement has not been universally demonstrated (338).

1. Radiation therapy in nonmetastatic ACC

The high rates of local failure after complete resection,
in addition to the resultant positive margins when such a
resection is not possible, emphasize the potential role for
radiotherapy in sterilizing the adrenal fossa after surgery.
Despite this, there has been a long-held resistance to using
radiotherapy mainly based on a small number of anec-
dotal experiences that concluded radiation to be ineffec-
tive. The shortcomings of such conclusions were accu-
rately detailed by Percarpio and Knowlton (335), who
described how these studies relied on poorly documented
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results in a low number of heterogeneous patients. For
example, 2 early reports state that radiotherapy is inef-
fective, but they offer no details regarding patient or treat-
ment characteristics (266, 339). Three other studies found
radiotherapy to be ineffective on the basis of experiences
in 2, 3, and 5 patients, respectively (275, 340, 341).

Since the publication of those aforementioned studies,
the field of radiation oncology has witnessed tremendous
advances in the ability to accurately deliver higher, more
efficacious doses of radiation to the clinical target while
sparing normal tissues. This has resulted in improved out-
comes in a number of different cancers (2, 342-350).
Nonetheless, in the setting of ACC, radiotherapy is infre-
quently employed. In the United States, it is used in ap-
proximately 10% of cases, according to analyses of both
the National Cancer Data Base and the SEER program (4,
11,90). Similarly, in Europe, a recent analysis of the Dutch
Adrenal Network Registry found that radiotherapy is em-
ployed in only 8% of patients (296).

Despite this, there is emerging evidence that radiother-
apy might be effective (Table 13). Fassnacht et al (332)
retrospectively analyzed the use of radiotherapy after a
complete resection in 14 patients with nonmetastatic dis-
ease. After surgery, patients were treated to a mean dose
of 49 Gy. Their outcomes were then case-matched to con-
trols for stage, tumor size, margin status, and adjuvant
mitotane treatment. Although radiotherapy did not im-
provesurvival, it did significantly improve local control: at
5 years, local recurrence-free survival was 86% in the
group thatreceived radiation compared with 11% in those
that did not (332).

Other studies have demonstrated similar findings. Sab-
olch et al (247) compared 38 cases of surgery without
radiotherapy with 10 cases of adjuvant radiotherapy and
16 cases of definitive radiotherapy for unresectable dis-

Table 13. Summary of Studies Evaluating the Role of Radiotherapy in ACC

Adjuvant Palliative

No. of RT Dose Local No. of RT Dose
Study Year Cases (Gy) Chemotherapy Control Cases (Gy) Chemotherapy Response
Percarpio (335) 1976 4 28-40 NR 1/4 (25%) 12 15-51 NR 12/12 (100%)
King (351) 1979 4 42-55 0/4 (0%) NR 12 NR NR 6/12 (50%)
Didoklar (272) 1981 10 NR NR 4/10 (40%)
Henley (274) 1983 10 NR NR 4/10 (40%)
Venkatesh (26) 1989 26 NR 10/26 (39%) 6/26 (23%)
Markoe (334) 1991 5 42-60 2/5 (40%) 3/5 (60%) 5 30-50 1/5 (20%) 5/5 (100%)
Pommier (275) 1992 39-45 NR 0/3 (0%) 5 NR NR 5/5 (100%)
Fassnacht (332) 2006 14 40-54 5/14 (36%) 12/14 (86%)
Polat (336) 2009 22 10-60 NR 17/22 (77 %)
Hermsen (333) 2010 3 NR NR 3/3 (100%) 8 Upto50 NR 8/8 (100%)
Sabolch (247) 2011 10 45-57 8/10 (80%) 8/10 (80%)
Habra (338) 2012 16 36-59.4  4/16 (25%) 9/16 (56%)

Abbreviation: NR, not reported; RT, radiotherapy.
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ease. Adjuvant cases used dosages between 45 and 57 Gy,
and definitive cases used a median dose of 39.2 Gy (22.5-
73.5 Gy). Results from this study showed that whereas
radiotherapy was not associated with a survival benefit, it
did significantly improve local control. Local failure oc-
curred in 33% of those treated with surgery alone but only
in 12% of those whose regimen involved radiation. Pa-
tients treated with adjuvant radiotherapy after surgery
had a 20% local recurrence rate. Importantly, this study
also demonstrated the feasibility of treating unresectable
disease with definitive radiotherapy (247).

In contrast, Habra et al (338) present results from 16
patients treated in the community setting with primary
resection followed by adjuvant radiotherapy. These pa-
tients were matched on the basis of margin status and
disease stage to 32 patients who received surgery alone.
The median dose delivered was 50.4 Gy. There were no
significant differences found in local control or survival
between these 2 groups (338). Interestingly, patients who
received adjuvant radiotherapy after surgery seemed to do
substantially worse in the series by Habra et al (338) when
compared with results for similarly treated patients re-
ported by the 2 other series (247, 332). More specifically,
although Habra et al (338) found a local recurrence rate of
44% for such patients, Fassnacht et al (332) showed a
14% local failure rate and Sabolch etal (247) found a20%
rate. Although it is difficult to determine from retrospec-
tive series the reasons for such discordant outcomes, the
patients reported on by Habra et al (338) were treated
outside of an academic center and might not have bene-
fited from the multidisciplinary approach that such cen-
ters offer, particularly for rare cancers. Regardless, it is
clear that prospective studies are needed to assess the ef-
ficacy of radiotherapy in the adjuvant setting.

2. Radiation therapy for palliation

For palliative cases, there are numerous although pri-
marily anecdotal reports that radiotherapy can adequately
relieve patient symptoms. One of the earliest of such stud-
ies was published by Percarpio et al in 1976 (335). This
detailed 12 instances of palliative radiotherapy, all of
which resulted in relief of symptoms or reduction in pal-
pable tumor size, regardless of the substantial variation in
the location and characteristics of their metastatic disease
(335). Other early reports have shown good palliative re-
sponses in approximately half of the patients: King and
Lack (351) described a decrease in pain in half of the 12
patients treated, whereas Henley et al (274) found that
palliative radiotherapy reduced symptoms or tumor bur-
denin4 of 10 patients. However, in neither of these studies
are the details of radiotherapy provided (274, 351). A
study that stands in contrast to these others is that of Ven-
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katesh et al (26), who found that palliative radiotherapy
was effective in only 6 of 26 patients. This was an update
of an earlier publication (24), and the determination of
treatment efficacy included criteria for patient survival but
not for relief of pain, which is a dubious definition in the
setting of palliation (26).

More modern studies have consistently shown ade-
quate palliation in most patients treated. Magee et al (337)
found that palliative radiotherapy was effective in 4 of 6
patients, either reducing the mass of their tumors or ame-
liorating symptoms of hormone excess associated with a
functional tumor. Even more recently, good results were
achieved by Markoe et al (334), using doses of 30 to 50 Gy
to treat bone metastases and unresectable tumors. They
reported that all 5 patients that they treated received ad-
equate relief of their pain (334). Hermsen et al (333) found
similar outcomes, as all 6 patients that they treated for
bone metastases were successfully palliated. However, the
largest series in the literature on palliative radiotherapy
was recently published by Polat et al (336). In this series,
22 patients had painful osseous metastases, and 17 pa-
tients (77 %) experienced adequate palliation of pain after
radiotherapy with dosages totaling 10 to 60 Gy.

3. Radiation therapy techniques

With regard to the adjuvant radiotherapy technique at
our institution, we use radiotherapy for patients who have
undergone an R1 or R2 resection. Patients who have had
a complete (RO) resection are considered for adjuvant ra-
diotherapy, although this decision is personalized on a
case-by-case basis, accounting for individual disease and
patient characteristics. Typically, intensity-modulated ra-
diotherapy is used to deliver 55 Gy in 2.2-Gy fractions to
the tumor bed. Simultaneously, the bilateral para-aortic
lymph nodes are covered with 45 Gy in 1.8-Gy fractions.

The lymphatic drainage of the adrenal gland is rou-
tinely covered in the target volumes (247, 334, 336). ACC
has a well-documented propensity for lymphatic dissem-
ination (11, 91, 351), with involved nodal disease in ap-
proximately 15% to 27 % of patients at the time of surgery
(11,91). Furthermore, there is emerging evidence from the
surgical literature that adequate lymph node dissection at
the time of adrenalectomy likely improves both rates of
disease recurrence and survival (249). Extrapolating both
from these data (249) and the documented pattern of
spread (11, 91, 351), we routinely include the lymphatic
basin in radiotherapeutic treatment fields. However,
whether there is a significant benefit to such an approach
is a potential area of future study.

For cases of definitive radiotherapy, it is appropriate to
target the gross disease and associated lymphatic basin.
Using a 4-dimensional CT scan during radiation treatment

¥20Z UoJelN 0Z U0 1senb Aq GZ/45E2/282/2/SE/R101E/AIPa/WO0" dNo"olWapEDE/: ARy Woly papeojumod



doi: 10.1210/er.2013-1029

planning, the motion of the tumor bed with breathing is
routinely assessed. Every attempt should be made to
escalate doses to the gross disease to levels of 60 Gy or
greater, as tolerated by nearby organs at risk, which are
typically the ipsilateral kidney, bowels, and liver. Such
an approach usually requires intensity-modulated
radiotherapy.

The use of palliative radiation is appropriately based on
individual patients’ palliative needs and disease burden. A
single 8-Gy fraction is typically employed to palliate os-
seous metastases. In patients with a better prognosis or in
those with metastatic disease involving the spinal cord or
soft tissue, the use 3-dimensional conformal therapy is
helpful to deliver a total 30 Gy in 3-Gy fractions.

Other future areas of study in the adjuvant setting include
whether dose escalation might deliver better rates of local
control while still sparing the associated organs at risk by
using highly conformal techniques. In cases of small tumors,
this might be accomplished with ablative dosages delivered
via a stereotactic body radiotherapy technique. Another area
of study is the proper sequencing and timing of radiotherapy
with mitotane and other systemic therapies.

Finally, and most importantly, a prospective, multi-
center trial is necessary to definitively establish whether
adjuvant radiotherapy is effective in reducing local recur-
rences. Until such time as this is established, we agree with
recent expert consensus opinions and practice guidelines
in concluding that the current evidence warrants recom-
mending that adjuvant radiotherapy be performed in the
postsurgical setting, especially in the case of R1 and R2
resection (15, 255).

E. Other local therapies

In case of inoperable metastatic disease, palliation is
possible with local treatment modalities, such as radio-
frequency ablation (RFA) or transarterial chemoemboli-
zation (TACE). None of these methods have been ex-
plored in clinical trials. However, both methods are an
alternative to surgery, when surgery is not desired or con-
traindicated. Both TACE and RFA have a tolerable side
effect profile and often less negative impact on well-being
than surgery. The use of these treatment modalities largely
follows the general use of these procedures for the reduc-
tion of tumor load and treatment of metastasis in other
tumor entities. RFA has been successfully employed in the
palliative setting, rendering patients free of liver metastasis
(352). RFA may also be used complementarily during sur-
gical procedures. There are general limitations for RFA,
such as in cases of highly vascularized metastasis or prox-
imity to large vessels, because both function as a heat sink
preventing the full destructive effect of RFA (353). TACE,
localized chemoembolization, is another alternative. The
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advantage is that with selective embolization, high intra-
tumor levels of cytotoxic substances can be achieved and
at the same time systemic effects can be minimized. Al-
though it is a standard alternative option for treatment of
metastasis at many centers, published experiences are lim-
ited (354-356). In the largest series to date, 103 lesions in
29 patients were treated with response in 21% of pa-
tients and stabilization in 62% (357). Predictors of re-
sponse were a size of <3 cm and high lipidol uptake.
Although treatment of metastasis is fairly safe, caution
is demanded when treating primary adrenal tumors.
Adrenal tumors, including ACC, have a tendency to
undergo hemorrhage and might lead to bleeding com-
plications (356).

X. Surveillance

As a rule of thumb, ACC patients should be followed in
3-month intervals during and after initial treatment. Only
after a recurrence-free time of 2 to 3 years may surveillance
intervals be increased to 6 months until a completion of
surveillance for a total of § years. Although there are re-
lapses in patients after more than 5 years, this is rare and,
in our experience, occurs in <3% of patients that were
treated with an initial curative approach.

Patients should undergo a thorough physical examina-
tion and interview, specifically aiming to identify recur-
rence or new onset of hormone excess syndromes. Sur-
veillance should also include a full restaging, including
cross-sectional imaging of chest, abdomen, and pelvis. For
lesions of an unclear nature, the use of ['*F|[FDG-PET may
be considered. Laboratory evaluation should include ste-
roid hormones that can serve as tumor markers and may
therefore diagnose disease recurrence. A promising future
surveillance tool is the method of steroid profiling, which
may exhibit great sensitivity in detecting small changes in
steroid metabolites and precursors. Particularly, the reoc-
currence of presurgical steroid profiles may raise concern
of relapse (95). Other imaging modalities should be used
only in case of clinical suspicion for specific lesions that are
best detected by this modality (eg, bone scan for osseous
metastases). In case of adjuvant mitotane therapy, evalu-
ation for side effects is also important.

XI. Future Perspectives

Over recent decades, basic science and clinical ACC re-
search have significantly increased our understanding of
the pathology of the disease and set standards in clinical
care. However, ACC remains a disease with a dismal prog-
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nosis. Current large-scale high-resolution analysis will
hopefully increase our understanding of the genetic and
epigenetic changes underlying ACC pathogenesis. The
Cancer Genome Atlas initiative recently decided to con-
duct a detailed analysis of rare cancers, and an interna-
tional effort to combine tissue and data resources made it
possible for ACC to be one of the tumor types to be an-
alyzed. The expected results hopefully will also give new
leads for possible targeted therapies. On the clinical side,
the main international expertise centers have united in
large-scale trials, such as the FIRM-ACT and GALACCTIC
trial, providing a unique platform for future trials. The
main future goals for trials are 2-fold: 1) prospectively
evaluate traditional therapies, specifically adjuvant mito-
tane and radiation therapy, and of course 2) to investigate
new treatment agents. The current situation is a fertile
ground for international collaborative studies but also
may be a time of rethinking of established therapies, such
as mitotane therapy. Although it is true that it is the only
approved drug to treat ACC, it is also of limited efficacy
and may interfere with trials using new therapeutic agents.
Therefore, it may be beneficial to start evaluating new
drugs at the front end of therapy rather than after failure
of several lines of established therapy. However, we will
await future discussions on the scientific and ethical per-
spectives of this issue.
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