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Abstract

Objective: The aim of this Disease State Clinical Review is to provide a practical approach to 

patients with newly diagnosed adrenocortical carcinoma, as well as to follow-up and management 

of patients with persistent or recurrent disease.

Methods: This is a case-based clinical review. The provided recommendations are based on 

evidence available from randomized prospective clinical studies, cohort studies, cross-sectional 

and case-based studies, and expert opinions.

Results: Adrenocortical carcinoma is a rare malignancy, often with poor outcomes. For any 

patient with an adrenal mass suspicious for adrenocortical carcinoma, the approach should include 

prompt evaluation with detailed history and physical exam, imaging, and biochemical adrenal 

hormone assessment. In addition to adrenal-focused imaging, patients should be evaluated with 

chest-abdomen-pelvis cross-sectional imaging to define the initial therapy plan. Patients with 

potentially resectable disease limited to the adrenal gland should undergo en bloc open surgery by 

an expert surgeon. For patients presenting with advanced or recurrent disease, a multidisciplinary 

approach considering curative repeat surgery, local control with surgery, radiation therapy or 
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radiofrequency ablation, or systemic therapy with mitotane and/or cytotoxic chemotherapy is 

recommended.

Conclusion: As most health care providers will rarely encounter a patient with adrenocortical 

carcinoma, we recommend that patients with suspected adrenocortical carcinoma be evaluated by 

an expert multidisciplinary team which includes clinicians with expertise in adrenal tumors, 

including endocrinologists, oncologists, surgeons, radiation oncologists, pathologists, geneticists, 

and radiologists. We recommend that patients in remote locations be followed by the local health 

care provider in collaboration with a multidisciplinary team at an expert adrenal tumor program.

INTRODUCTION

Adrenocortical carcinoma (ACC) is a rare malignancy with reported incidence of 0.7 to 2 

cases per million per year (1–3). These estimates have recently been confirmed by additional 

analyses of National Cancer Institute Surveillance, Epidemiology, and End Results (SEER) 

data from 18 registries (1). The data from the recent SEER-based study from the U.S. 

reported a total of 2,014 cases in the period between 1973–2014. There were 933 cases 

reported from 2005–2014, compared to 187 from 1973–1984, with age-adjusted stable 

incidence of 1 case/million/year (1).

The rarity of ACC and variability in clinical approaches has been a major obstacle in 

advancing the care for patients with ACC. While significant progress has recently been 

achieved in understanding the molecular mechanisms of adrenocortical carcinogenesis (2), 

the scarcity of large randomized trials and evidence-based guidelines as well as the often 

fragmented care of patients with ACC has resulted in no obvious improvement in survival 

rates (~35% at 5 years) over the last several decades.

Considering that most patients with ACC will initially present to medical centers with 

limited expertise in ACC management, the aim of this case-based review is to provide 

clinically useful information regarding the approach to the management of patients with 

ACC. In consensus with the recently published European Society of Endocrinology 

guidelines on management of ACC in adults (3), this review encompasses the management 

of an adrenal mass, including presurgical evaluation, surgical approach, pathologic 

assessment, and other therapeutic modalities, based on individual patient presentation.

While the goal of this review is to provide clinical guidance for the approach to the patient 

with suspected ACC, it is our strong opinion that patients with this and other rare disorders 

should be managed at expert centers, consisting of a multidisciplinary team, including 

endocrinologists, endocrine surgeons, medical and radiation oncologists, pathologists, and 

genetic counselors, experienced and dedicated to the care for patients with ACC. In addition 

to providing care to patients with ACC, the expert multidisciplinary teams establish 

recurring tumor board reviews, which provide a platform for the exchange of clinical 

experience, scientific knowledge, coordination of clinical trials, and translational research 

activities. Multidisciplinary expert clinics also serve as hubs for building patient networks 

and interactions.
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CLINICAL PRESENTATIONS

CASE 1:

A 32-year-old woman, without significant past medical history, presented to urgent care 

center with worsening left abdominal pain radiating to her back. The patient stated that the 

symptoms gradually progressed over the last few weeks, with pain initially intermittent and 

now constant. Physical exam revealed mild tachycardia and left abdominal tenderness. The 

work-up revealed mild leukocytosis, and noncontrast abdominal computed tomography (CT) 

imaging showed a homogeneous right adrenal mass measuring 4.5 cm with a density of 45 

HU (Hounsfield units). Subsequently, adrenal labs were ordered: cortisol 17 μg/dL; 

adrenocorticotropic hormone (ACTH) <5 pg/mL; dehydroepiandrosterone sulfate (DHEAS) 

965 μg/dL; 1 mg dexamethasone suppression testing with cortisol 4 μg/dL. Plasma 

metanephrines were within normal reference range.

1. Is CT imaging indicative of ACC, and is there any further imaging indicated?

This patient’s imaging is indeterminate, and ACC needs to be considered in the 

differential diagnosis. Additional imaging can be helpful to further characterize 

initially homogenous lesions. Thoraco-abdominal-pelvic imaging is indicated to 

evaluate disease extent.

The clinical presentation of this patient is unlikely related to the 4.5-cm adrenal mass, and 

therefore, the lesion is designated as an incidentaloma, where the guiding principles outlined 

in work-up of incidentally discovered adrenal mass apply (2,4–7). The initial evaluation 

focuses on imaging features of the tumor with the primary question being suspicion for 

malignancy. The initial modality for evaluation of an adrenal lesion is usually an unenhanced 

CT of the abdomen, where a homogenous adrenal mass, size <4 cm and with low 

radiodensity of <10 HU, is consistent with a benign tumor, usually a lipid-rich adenoma 

(Table 1). If the lesion is homogeneous but indeterminate by radiodensity (any size with 

radiodensity >10 HU), a dedicated adrenal contrast-enhanced CT scan can be helpful in 

further determination of the underlying biology. Lesions with >40% relative or >60% 

absolute contrast washout at 10 or 15 minutes are most commonly benign with very few 

exceptions (Table 1). While the advantage of 18F-fluorodeoxyglucose (FDG)–positron 

emission tomography (PET)/CT has a potential role in determining the overall extent of 

advanced disease, a high false-positive rate, low specificity, high costs, and additional 

radiation exposure preclude the routine use in initial work-up (8). The very high negative 

predictive value, however, can be helpful, as ACCs are invariably 18FDG-PET positive. 

However, 18FDG-PET–negative ACCs have been reported; most studies only include a 

limited number of ACCs, and the clinician must be aware that there are rare instances of 
18FDG-PET–negative ACCs (9). If initial CT imaging is highly suspicious for malignancy, 

additional imaging with thoraco-abdominal-pelvic CT is mandatory to determine the extent 

of disease, as the presence of distant metastasis or local invasion significantly impact the 

management plan (Table 2), surgical decision, as well as prognosis discussion with the 

patient.

2. Is the biochemical work-up suggestive of ACC, and is additional biochemical 

work-up needed?
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The initial biochemical results, particularly the high DHEAS, is highly 

suspicious for ACC, especially in the setting of a large adrenal mass. In addition 

to excluding pheochromocytoma, work-up should include assessment for 

autonomous production of glucocorticoids, mineralocorticoids, and adrenal 

androgens.

In patients presenting with an adrenal mass, a comprehensive history and physical 

examination are critical to establish the suspicion for autonomous hormone excess. Up to 

60% of patients with ACC have evidence of clinical hormone excess, with autonomous 

glucocorticoid production being the most common (10,11). It is worthwhile mentioning that 

Cushing syndrome due to ACC can be of rapid onset, and symptoms are often dominated by 

significant muscle weakness, sometimes lacking other classical features, such as obesity. It 

is important to note that hypokalemia and hypertension are frequently associated with 

hormonally active ACC. The high cortisol levels overwhelm the renal HSD11B2 enzyme, 

which converts cortisol to cortisone, usually preventing access of cortisol to the 

mineralocorticoid receptors (12). Hyperaldosteronism is rarely associated with ACC, 

described in around 2 to 7% of patients (12,13). Androgen hormone excess, causing 

hirsutism, virilization, acne, and irregular periods in women, is seen in 40 to 60% of 

hormonally active ACCs and is rarely caused by benign lesions (12). Concurrent secretion of 

glucocorticoid and androgenic hormones in a patient with an adrenal mass is always highly 

suspicious for ACC. As outlined in Table 2, biochemical work-up in a patient presenting 

with an adrenal mass suspicious for ACC should include cortisol levels following a 1-mg 

dexamethasone suppression test to identify autonomous cortisol production and basal ACTH 

in order to confirm ACTH independence. While an undetectable ACTH level would be 

expected in patients with autonomous glucocorticoid secretion, it is important to note that in 

most of the current clinically available assays, ACTH level might not be entirely suppressed 

even with overt ACTH-independent Cushing syndrome (14). Additional adrenocortical 

steroid hormone precursors such as 17-hydroxyprogesterone, androstenedione, and 

particularly 11-deoxycortisol, as well as the steroid sulfate DHEAS, are helpful when 

evaluating a patient with an adrenal mass suspicious for ACC (3). Urine steroid profiling can 

further reveal increased steroid precursors and metabolites even in clinically nonfunctioning 

ACC (15,16). Determining the hormonal phenotype is important for several reasons: a) to 

confirm adrenocortical tumor biology and diagnosis; b) to serve as a potential 

prognosticator, as glucocorticoid-producing tumors have been associated with more 

aggressive disease; c) to guide postoperative management by determining the need for 

hormone replacement after tumor resection; and d) to establish a potential tumor marker 

(i.e., unique steroid signature) for surveillance after surgery (although advanced disease 

might de-differentiate without subsequent hormonal activity) (17). In addition to 

adrenocortical hormone evaluation, plasma metanephrines are needed in any indeterminate 

adrenal mass to rule out a pheochromocytoma, as cross-sectional imaging cannot reliably 

distinguish ACC from pheochromocytoma. The elevated cortisol following a 1-mg 

dexamethasone suppression test, elevated DHEAS, and normal plasma metanephrines in this 

patient were suggestive of a combined autonomous cortisol and androgen production and 

ruled out a hormonally active pheochromocytoma.

3. Is this patient a candidate for surgery?
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Surgical resection is the first-line therapy in patients with suspected ACC 

without evidence of advanced disease and could provide a potential cure.

As a part of pre-operative evaluation, thoraco-abdominal-pelvic CT imaging excluded 

metastatic disease, and this patient was referred for surgical evaluation (Table 2). For all 

patients with ACC without evidence of extensive multi-organ involvement or widespread 

distant metastases, surgical resection is usually the first-line therapy that could provide a 

potential cure (3,12). The surgical approach to patients with advanced and oligometastatic 

disease is further discussed in CASE 3. Any surgical resection of an adrenal mass suspicious 

for an ACC should be performed by an expert surgeon with expertise in adrenal and 

oncologic surgery (3). The need for surgical and clinical expertise in management of ACC is 

supported by a recent study from the Netherlands, which showed significantly improved 

disease-free survival with the establishments of adrenal centers of excellence (18).

An open surgical resection is recommended for all adrenal masses suspicious for ACC. 

Laparoscopic resection is associated with a higher risk to develop recurrence and should be 

avoided when a mass is suspicious for ACC (19,20). Upon intra-operative evaluation, 

complete resection of the adrenal tumor, including adrenal gland, peri-tumoral, and peri-

adrenal retroperitoneal fat, is recommended. A detailed assessment of adjacent organs is 

required with en bloc resection of any organ suspected to be invaded. While the benefit of 

regional prophylactic lymphadenectomy has not been extensively evaluated, several recent 

studies suggest a potential benefit of formal lymphadenectomy (21,22). In addition, enlarged 

or suspicious lymph nodes detected on pre-operative imaging or intra-operative assessment 

should be removed.

CASE 1 (continued):

The patient was referred to a multidisciplinary clinic at a center with adrenal tumor 

expertise. The imaging and biochemical work-up was reviewed, and surgical resection of 

primary tumor was recommended. The tumor was resected en bloc, and pathology, read by 

an experienced endocrine pathologist, was consistent with ACC. There were no positive 

margins (R0), staining for steroidogenic factor 1 (SF1) was positive, proliferation index 

Ki67-labeling was 10%, and the pathologic stage was pT2.

1. Does the clinical and pathologic information confirm the diagnosis of ACC and 

provide a risk categorization?

Yes, this patient does have a diagnosis of ACC with a low/moderate risk for 

recurrence.

Following successful open surgery, which is the only potential cure for this disease, the 

focus should be on a) verification of diagnosis, b) evaluation of prognostic markers, and c) 

genetic evaluation in order to discuss any adjuvant therapy. The mainstay of a pathologic 

diagnosis is the review by an experienced endocrine pathologist. The diagnosis can generally 

be made using routine hematoxylin and eosin staining, from which the Weiss score can be 

derived (Table 3), providing the final diagnosis of an ACC (Weiss score >3) (23,24). 

Occasionally, there are neoplasms that are borderline and described as ‘undetermined 

biological behavior’ (Weiss score of 2 or 3). There are several traditional 
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immunohistochemical stains that can help in the differential diagnosis and confirm 

adrenocortical tumor origin, such as inhibin-alpha, Melan-A, and calretinin (Table 4) 

(25,26). However, SF1 has emerged as the most reliable marker to confirm adrenocortical 

origin (27).

Once the diagnosis of ACC is made, it is most important to obtain measurements of the 

proliferative index, preferably Ki67, alternatively mitotic count, obtained from the highest 

proliferating area of the tumor. A Ki67 index of >10% is regarded as an unfavorable 

prognostic marker (28,29). As a caveat, it should be mentioned that several institutions are 

switching from an estimate or count by an individual pathologist to computer-aided image 

analysis for Ki67 staining. It is important to gain experience with these automated systems, 

as they often provide different, in our experience, often higher values than traditional 

estimates (30,31). A careful pathologic review will also provide the correct stage (Table 5) 

(32,33), with any extra-capsular extension with infiltration of the adipose tissue being the 

most important differentiator between stage 2 and stage 3, which is not always obvious prior 

to surgery. Stage >2 or positive (or unknown) R-status increases risk for recurrence. In 

summary, an experienced pathologist should provide the final diagnosis, a Weiss score, a 

Ki67 index, resection status, and tumor stage in order to make the correct diagnosis and 

provide a prognosis estimate.

2. Should adjuvant therapy be recommended for this patient?

While there is no definitive recommendation for adjuvant therapy for this patient, 

adjuvant mitotane therapy should be considered.

Even following initial resection, disease-specific 5-year survival for patients with ACC is 

variable, ranging from 60 to 80% for stages 1 and 2 to 40 to 60% for stage 3, with some 

studies providing even lower estimates. Therefore, a discussion of adjuvant therapies is 

necessary, taking into account that for any patient with stage 3 disease (Table 5), the risk for 

a recurrence is likely higher than to remain disease free (34–37). Adjuvant therapy options 

include mitotane and/or radiation therapy. More recently, for ACCs with a Ki67 index of 

>20%, a trial has been launched that evaluates adjuvant cytotoxic chemotherapy in addition 

to mitotane (NCT03583710). All risk factors for recurrence should be considered on an 

individual basis when making a decision to recommend adjuvant therapy. Following a 

prognostic assessment, the majority of patients with ACC will be offered mitotane therapy. 

Although randomized prospective clinical trial data are lacking, large retrospective studies 

have shown compelling evidence that adjuvant mitotane therapy increases recurrence-free 

survival and possibly impacts overall survival in advanced disease (stages 3 and 4) (38–41). 

For patients with stage 1 or 2 disease (Table 5) with low-grade Ki67 (less than 10%) 

following an R0 resection, there is no evidence-based data on whether adjuvant mitotane 

may be beneficial due to a lack of prospective and retrospective studies. Individualized 

decisions to initiate adjuvant mitotane must be made for these instances after weighing a 

variety of patient-specific factors and balancing them with potential adverse effects. 

Ongoing trials aim to evaluate the efficacy of adjuvant mitotane in low-/moderate-risk ACC 

(the ADIUVO trial NCT00777244). The patient described in this case should have a 

discussion regarding potential benefits versus risks of mitotane therapy with the treating 

physician. Our practical approach is often to recommend a trial of mitotane therapy and 
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decide on continuation of therapy based on the side effect profile, which varies significantly 

between individual patients. Mitotane is initially up-titrated to a dose of ~3 to 6 g per day, 

with follow-up and monitoring for liver toxicity. Either concurrently or with a delay of a 

couple of weeks, patients will need to be started on glucocorticoid replacement therapy and 

monitored for other mitotane-related hormonal disorders (see CASE 2). This patient’s tumor 

was of low/moderate risk with stage 2, free resection margins, and a Ki67 of 10%. Although 

it remains a matter of debate for which patients radiation therapy should be entertained, and 

low-level evidence suggests a potential benefit for all stages, radiation is more commonly 

recommended for patients with high-risk features, particularly those with stage 3 disease and 

R1 or R2 status (38–41).

3. What surveillance should be recommended to detect recurrences?

The patient should have at least biochemical evaluation and cross-sectional 

imaging of chest, abdomen, and pelvis in 3-month intervals for 2 years and after 

that biannually for at least a total of 5 years.

During mitotane therapy, patients should be followed with biochemistry, minimally 

including positive tumor markers, prior to resection and cross-sectional imaging of the chest, 

abdomen, and pelvis every 3 months (12). In addition, urine steroid profiling has been 

emerging as a new tool of recurrence detection and is now available through Mayo Clinic 

Laboratories, but it has not yet been implemented in routine clinical practice (16,17,42,43). 

Follow-up continues for at least 2 years at this interval and may be spanned out to biannual 

screening thereafter. It remains an uncertainty whether there is any benefit in prolonged (>5 

years) surveillance. The majority of ACC recurrences occur within a 5-year time frame. 

However, it is reasonable to continue some surveillance beyond the 5-year mark.

4. Should this patient be offered genetic testing to identify hereditary cancer 

predisposition syndromes?

The patient should be evaluated for a hereditary syndrome, and genetic testing 

should be discussed.

Any tumor diagnosis provides the opportunity to evaluate patients for a hereditary cancer 

syndrome. Identifying patients with a diagnosis of a hereditary cancer syndrome provides 

the opportunity of tailored future surveillance for other associated tumors, identification of 

at-risk family members, and might impact therapy (e.g., immunotherapy for Lynch-

associated cancers). A cancer-focused family history, careful personal history, and physical 

exam can provide clues to streamline genetic testing. The main syndromes to consider are 

Lynch syndrome, Li-Fraumeni syndrome (LFS), and multiple endocrine neoplasia type 1 

(MEN1) (12). Lynch syndrome is characterized by germline pathogenic variants in DNA 

mismatch-repair genes associated with endometrial and colorectal cancer, but also other 

malignancies (12). Roughly 2 to 4% of ACCs arise in patients with Lynch syndrome, and 

tumors can be screened by immunohistochemistry for DNA mismatch-repair proteins and 

microsatellite instability. Alternatively, genetic testing for Lynch syndrome can be 

recommended based on family or personal history. About 2% of adult ACCs arise in patients 

with LFS or MEN1. LFS is associated with germline pathogenic variants in TP53 and, 

predisposing to multiple different cancers, including early onset breast cancer, sarcoma and 
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brain cancer (12). Most patients with MEN1 will have other manifestations (e.g., hyperpara-

thyroidism, facial angiofibromas or collagenomas, neuroendocrine tumors, or pituitary 

adenomas) at the time of diagnosis or a positive family history. The Chompret testing criteria 

for TP53 (LFS) suggest testing everyone with a diagnosis of ACC, which is justified because 

a significant proportion of patients carry de novo mutations, and a family history can be 

negative (44,45). The patient in this case underwent a direct next-generation sequencing 

(NGS) panel, including MSH2, MSH6, MLH1, PMS2, TP53, and MEN1 testing, which did 

not reveal a pathogenic variant. In addition, the NGS panel included APC and PRKAR1A, 

as familial adenomatous polyposis and Carney complex can be associated with ACC as well. 

An entirely different question is whether the tumor should be analyzed for potential 

treatment targets (e.g., somatic mutations analysis). Currently, there is not enough evidence 

to support any detailed molecular analysis of the tumor, with the exception of overall 

mutation load and/or microsatellite instability, both of which can be used to justify 

immunotherapy (3).

CASE 1 (continued):

The patient has been on mitotane for 3 years without recurrence on serial CT imaging. She 

would like to start a family and presents for consultation on conception.

1. Should fertility counseling be offered to patients diagnosed with ACC?

Individualized fertility counseling and fertility preservation discussion should be 

considered in any patient of reproductive age with a diagnosis of ACC.

Fertility counseling should be performed in any man or premenopausal woman diagnosed 

with ACC at the time of diagnosis. Individualized discussion in light of personal factors, 

stage of disease, and planned therapy should be considered on an ongoing basis. The impact 

of surgery, cytotoxic chemotherapy, and the potential impact of mitotane on fetal 

development should be discussed. Options for preservation of fertility can be considered in 

certain patients. In addition, given the very limited literature on pregnancy in women with 

ACC, patients should be aware of the uncertainty in regards to the increased risk of ACC 

recurrence related to pregnancy (3).

2. When can patients with a history of ACC consider pregnancy?

While it is unclear at what period post-adrenalectomy patients can consider 

pregnancy, an individualized approach and risk assessment is recommended with 

consideration of disease stage, tumor hormonal activity, duration of remission, 

and length of time since mitotane discontinuation.

Some women may report a history of infertility or amenorrhea at the time of initial diagnosis 

with ACC due to androgen and/or cortisol excess. However, the initial presentation with 

ACC during pregnancy has been reported, and in these situations, adrenalectomy is 

recommended (3). As reported in a study of 12 women with ACC diagnosed during 

pregnancy or immediately postpartum, fetal outcomes were poor in more than half of cases, 

with premature birth, intrauterine growth retardation, and even intrauterine death (46). In 

addition, overall ACC-related mortality was 4 times higher in women diagnosed during or 

shortly after pregnancy when compared to matched controls. Notably, this cohort 
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represented mainly patients with advanced disease, and all demonstrated overt 

hypercortisolism. In contrast, in another study of 17 women with localized disease (majority 

with stage 1 or 2) treated with adrenalectomy (100%) and mitotane (71%), fetal outcomes 

were good, and overall survival was not affected by pregnancy when compared to matched 

controls (47). In this study, none of the women carrying pregnancy to term were treated with 

mitotane at conception or during pregnancy. It is unclear how long patients should wait after 

adrenalectomy or mitotane therapy completion prior to considering pregnancy. In 17 patients 

with treated localized ACC, median duration of ACC remission prior to pregnancy was 48 

months (47). The individual risk of pregnancy in a patient with history of ACC is closely 

related to the overall aggressiveness of disease. It is uncertain whether the physiologic 

increase in estrogen during pregnancy may be a negative factor contributing to recurrence. 

As such, guidelines suggest that all patients should be informed on pregnancy-related 

concerns with ACC (3).

Pregnancy should be avoided while on mitotane therapy due to concern of potential 

teratogenic effects, though available data include only case reports (47–49). If mitotane 

therapy is discontinued, it may take months for plasma mitotane concentrations to decrease. 

Discussion of an appropriate contraceptive method while on mitotane is necessary due to 

several concerns. Mitotane may increase the metabolism and effectiveness of hormonal 

preparations. In addition, one report suggested that ACC may express estrogen receptors, 

and as such, both physiologic and exogenous sources of estrogen may theoretically facilitate 

ACC growth (50). Because of this concern, some experts suggest non–estrogen-containing 

contraceptive preparations and even avoiding pregnancy altogether.

3. What is the right tumor surveillance for pregnant ACC patients?

Tumor detection surveillance in pregnant patients with a history of ACC is 

individualized, based on initial tumor stage and remission status.

Once a well-informed and thoroughly discussed decision on pregnancy is made, pregnancy 

should be planned only after a comprehensive evaluation that includes complete history, 

physical exam, and laboratory and imaging work-up to document continuous remission. The 

frequency of follow-up during pregnancy can be individualized and should at minimum 

include review of symptoms and physical exam. Regular biochemical and imaging follow-up 

can be resumed after delivery, with frequency depending on duration of remission and 

overall prognosis.

CASE 2:

The patient is a 48-year-old woman who presented to her primary care office with worsening 

abdominal fullness and discomfort, acne, facial hair, and weight gain. On physical exam, she 

was found to have elevated blood pressure, facial acne and hirsutism, mild leg swelling, and 

central obesity. The work-up revealed mild hypokalemia and elevated blood glucose, total 

testosterone = 120 ng/dL, cortisol = 25 μg/dL, ACTH = 6 pg/mL, and DHEAS = 1,250 

μg/dL. Abdominal CT imaging showed a 15-cm left adrenal mass, which is likely invading 

the stomach and possibly the pancreas. Image staging was completed with a chest CT, which 

did not show any evidence of metastasis. She was referred to an expert surgeon, and en bloc 

resection of the tumor, left nephrectomy, splenectomy, and distal pancreatectomy was 
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performed. The pathology was consistent with ACC, and Ki67 was 70%. She was diagnosed 

with high-grade stage 3 ACC. Postoperatively, she was treated with external radiation to the 

tumor bed and started on mitotane. She started taking 500 mg daily and increased her dose 

to 4,500 mg daily by the third week. Although she was initially tolerating mitotane fairly 

well, after 2 months, the patient started to experience extreme fatigue, nausea, and vomiting 

with flu-like symptoms and presented to local emergency department. On the work-up, 

patient was found to be hypotensive, and lab work-up showed hyponatremia, hyperkalemia, 

TSH = 0.2 mU/L, total thyroxine = 5.1 μg/dL, and ACTH = 120 pg/mL.

1. Is adjuvant therapy with mitotane indicated in this patient?

Adjuvant therapy with mitotane is indicated in this patient with a high-grade 

tumor that is stage 3.

Adjuvant therapy should be initiated as soon as possible after surgery, once the patient has 

fully recovered from their operation. Mitotane and radiation therapy can be administered 

concurrently; however, given the overlapping gastrointestinal and hematologic side effects, it 

is often prudent to stagger these therapies sequentially to avoid toxicities that may delay or 

prevent either or both treatments. Commonly, radiation therapy is administered first and 

adjuvant mitotane therapy initiated once the course of radiation is completed.

Mitotane is an oral treatment that is available in 500-mg tablets (51). The use of mitotane 

may confer adrenolytic effects, although more recent data suggests that mitotane may also 

be adrenostatic in some instances (52). Adjuvant treatment with mitotane is recommended 

for patients after complete (R0) surgical resection who have either stage 3 or 4 disease 

(Table 5) and/or high-grade disease of any stage as defined by a Ki67 index of greater than 

10%. Therefore, mitotane should be recommended for this patient after a detailed review of 

the benefits, risks, and limitations of this treatment. High-risk ACC patients are often treated 

with mitotane alone or with mitotane combined with 3 months of platinum-based 

chemotherapy. A recently launched clinical trial (ADIUVO-2) aims to prospectively 

compare 2 years of adjuvant mitotane alone to 2 years of mitotane combined initially with 3 

months of chemotherapy (cisplatin and etoposide).

Evidence to support mitotane as an adjuvant therapy stems mainly from retrospective cohort 

studies. These observational studies demonstrated that adjuvant mitotane therapy was 

associated with prolonged recurrence-free survival and possibly greater overall survival 

when compared to no adjuvant therapy amongst patients with locoregional/stage 3 ACC 

(Table 5) (53). Adjuvant mitotane therapy is generally continued for approximately a 

minimum of 2 years unless limited by intolerable adverse events and/or substantial 

recurrences in disease despite optimal mitotane dosing (54,55).

Mitotane levels should be measured in the blood and used to follow the effect of therapy. It 

is recommended that the therapeutic mitotane level to target resides between 14 and 20 

mg/L. Importantly, this therapeutic range is derived from retrospective studies that were not 

designed to detect an optimal mitotane level. Therefore, this therapeutic range should be 

considered as a general guidance. Pragmatically, many clinicians titrate mitotane to the 

highest dose or level a patient can tolerate without substantial adverse sequalae. Some 

clinicians prescribe a low mitotane dose with a gradual increase in dose over several weeks 
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(for example: 500-mg tablet daily with increases towards 3 to 6 g per day over the course of 

a month), whereas others prefer a more aggressive approach of rapidly increasing the dose to 

a target of 3 to 6 g/day over the course of 2 weeks. Some anecdotal reports, and at least one 

study, have suggested that a more aggressive approach does not increase adverse events (56); 

however, patient and physician experiences vary greatly, and there are many unpredictable 

adverse effects associated with mitotane. An additional complexity is that mitotane is a 

lipophilic drug with a large volume of distribution, and therefore, it can take weeks to 

months to achieve therapeutic levels, and conversely, it can take weeks to months for levels 

and related adverse effects to subside once mitotane has been stopped or the dose decreased. 

In practice, each dose adjustment can take weeks to be reflected in circulating levels.

2. What are common side effects of mitotane?

While side effect of mitotane include common systemic adverse effects such as 

fatigue and gastrointestinal disturbances, mitotane is also associated with 

multiple endocrinopathies (adrenal insufficiency, hypothyroidism, 

hypercholesterolemia, and reproductive dysfunction), which need to be closely 

monitored and treated.

Mitotane side effects include nonendocrine adverse effects and endocrinopathies. Common 

nonendocrine adverse effects of mitotane treatment include nausea, vomiting, diarrhea, and 

fatigue; however, these side effects can overlap with signs and symptoms of adrenal 

insufficiency and hypothyroidism (discussed below) (3). At higher levels or doses of 

mitotane, the risk of neurologic side effects increases, including ataxia, memory loss, and 

depression. Hepatotoxicity can occur at any level or dose of mitotane and can range from a 

mild increase in liver enzymes to severe hepatic synthetic dysfunction. Mitotane can cause 

substantial hypercholesterolemia, bone marrow suppression, and drug-induced rash. In 

addition, mitotane is known to cause several complicated endocrinopathies, which are 

discussed below.

Mitotane-Induced Adrenal Insufficiency—Mitotane can have an adrenolytic or 

adrenostatic effect on the residual contralateral adrenal gland, where endogenous adrenal 

steroidogenesis is insufficient or deficient. For this reason, mitotane-treated patients require 

treatment with glucocorticoids, and at times, mineralocorticoids as well. The patient in 

CASE 2 presented with an adrenal crisis during a flu-like illness with hyponatremia, 

hyperkalemia, and an elevated ACTH, suggesting primary adrenal insufficiency. This patient 

should be treated with isotonic intravenous fluids and stress-dose hydrocortisone, and once 

stabilized, with maintenance glucocorticoid therapy (such as hydrocortisone) and 

fludrocortisone. Mitotane can induce an increase in hepatic synthesis of cortisol-binding 

globulin (as well as other globulins, discussed below), thereby resulting in a greater 

requirement of glucocorticoid dosing and false reassurance when measuring total serum 

cortisol levels. In addition, and more important, mitotane increases activity of CYP3A4, 

which metabolizes exogenous glucocorticoids, thereby further necessitating a higher 

glucocorticoid dose (and other hormone replacement, discussed below). These effects of 

mitotane mean that most patients treated with long-term mitotane usually require higher 

doses of maintenance glucocorticoid (for example: hydrocortisone 50 to 100 mg per day). 

Doses of glucocorticoids have to be titrated based on symptoms of adrenal insufficiency, in 
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response to elevated levels of ACTH and/or renin, and/or hyponatremia or hyperkalemia. 

Patients should be educated regarding stress-dosing of glucocorticoids, be provided with 

intramuscular glucocorticoid emergency injections, and taught to recognize symptoms that 

warrant emergency care.

Mitotane-Induced Hypothyroidism—Mitotane-treated patients should have thyroid 

function monitored regularly, since hypothyroidism is very likely to occur. Thyroid 

laboratory patterns can reflect either primary or secondary hypothyroidism. Thyrotropin 

levels are often low, which may reflect a sick-euthyroid pattern or a direct effect of mitotane 

on thyrotroph cells. Total thyroxine levels and free thyroxine levels can vary and are not 

always reliably measured while on mitotane therapy. Mitotane increases thyroid-binding 

globulin and increases metabolism of exogenous levothyroxine by increasing CYP3A4 

activity; therefore, patients often require higher doses of levothyroxine than are predicted by 

body weight. Monitoring of thyroid function is most reliably done by total thyroxine or a 

reliable free-thyroxine assay (for example by equilibrium dialysis).

Mitotane-Induced Reproductive Abnormalities—Mitotane can induce male 

hypogonadism and gynecomastia. This can manifest as a primary or secondary 

hypogonadism. Furthermore, mitotane increases sex hormone–binding globulin levels and 

reduces 5-alpha reductase activity; therefore, replacement therapy with testosterone in men 

can be challenging (57). Monitoring in men should involve measurement of total 

testosterone, sex hormone–binding globulin, and luteinizing hormone. Anecdotal cases of 

endometrial hyperplasia have been reported, and ovarian cysts are very common in women 

on long-term mitotane therapy, and therefore, regular assessment of menstrual regularity 

and/or pelvic ultrasounds should be considered in the setting of symptoms.

CASE 2 (continued):

On the 6-month follow-up imaging, the patient was noted to have a new liver lesion, as well 

as two subcentimeter lesions in the lung. Despite therapeutic mitotane level, the lesions have 

progressed at follow-up CT scan 6 weeks later.

1. What is the imaging and treatment approach to this patient?

This patient’s presentation is highly suggestive of new metastatic lesions with an 

overall poor prognosis. The patient should undergo 18FDG-PET to confirm the 

malignant nature of the new lung and liver masses and to look for additional 

lesions. In the absence of other metastasis, surgical resection of oligometastatic 

disease in liver and lung should be discussed with the patient.

The most important ability of 18FDG-PET is to detect additional distant metastases, which 

may impact surgical decision making in this patient (58). In addition, the study provides 

whole-body imaging beyond the chest, abdomen, and pelvis, where a minority of metastases 

may occur. In a retrospective analysis of patients with ACC, 18FDG-PET changed the 

management plan in 9% of patients at restaging (8). Accordingly, there is a strong argument 

for obtaining 18FDG-PET at this point. Establishing a reference uptake for all metastases 

during 18FDG-PET for future comparison to evaluate any evolution of the disease has been 
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suggested by some expert panels (3). The counter arguments for routine use of 18FDG-PET 

include the additional cost of the study and the false-positive results.

After radical surgery, more than 50% of patients with ACC will develop recurrence within 5 

years. This is associated with a poor prognosis, since the 5-year survival rate for patients 

with metastatic disease is less than 15% in most series. The question of further treating 

patients with recurrent ACC depends on several factors, including the site of recurrence, the 

number of organs harboring metastases, local expertise, the progression slopes, and 

individual patient considerations. A thorough discussion with patients about the prognosis 

and their preferences is very important. The palliative character of any therapy for stage 4 

ACC should be conveyed to the patient in order to balance quality of life, which is mainly 

determined by disease extent, hormone excess, and side effects of therapies. Regardless of 

therapeutic modalities, cure is a rare exception for stage 4 ACC, and the majority of patients 

will die of their disease. Most patients, however, desire active therapy rather than choosing 

supportive care only. A minimum recurrence-free period of 6 to 12 months has been 

suggested to select patients who are likely to benefit from further metastasis surgery (59–

61). Although metastases to the lungs tend to occur earlier, they are associated with longer 

survival, making a case for pulmonary metastatectomy in patients in whom complete 

resection is possible (62). In a heterogeneous cohort of 28 patients with ACC and either 

synchronous or metachronous liver metastasis, surgical treatment of recurrence was an 

independent prognosticator of overall survival after adjusting for tumor laterality, hormone 

secretion, and the extent of initial hepatectomy (63).

A history of a very high Ki67, presence of metastatic lesions 6 months after initial therapy, 

along with disease progression despite therapeutic mitotane level, is associated with overall 

poor prognosis in this patient. Any therapy at this stage will be palliative; however, 

aggressive resection of distant disease may provide higher long-term survival rates compared 

to those who do not undergo surgery (61,64). Furthermore, very long survival has been 

reported in patients with oligometastatic disease with considerable intervals between 

recurrences (65). Accordingly, resection of limited, potentially resectable hepatic or 

pulmonary metastases (60) needs to be discussed with this patient. The discussion should 

include morbidity and mortality associated with re-operation as well as time needed for 

recovery after surgery, including its impact on quality of life (66). Different therapy 

algorithms have been suggested based on the site, size, and number of metastases (67). 

Surgery will likely not offer any benefit for patients with rapidly progressive tumors and 

may be worse than the disease itself if only a minimal increase in survival is expected.

2. Are there alternative local therapy approaches available for this patient?

Local therapy approaches may provide additional alternatives for patients with 

metastatic ACC in the presence of significant comorbidities, unresectable 

tumors, or patient preference of not having more surgeries.

For patients with unresectable recurrences or metastatic lesions or for those who opt against 

surgery, local therapies such as radiofrequency ablation, percutaneous laser ablation, 

cryoablation, microwave ablation, and transcatheter arterial chemoembolization approaches 

may provide local control (68,69). The decision on the mode of therapy depends on a 
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number of factors, including residual tumor location, prognostic factors, benefit/risk ratio, 

local expertise, and patient preference. It is important to emphasize the need for systemic 

therapy in most patients with distant metastases because the occurrence of metachronous 

metastases is not uncommon (70). Local therapies can provide tumor control for selected 

patients, particularly for those with limited progression and few organ involvements. 

Percutaneous radiofrequency ablation has been used successfully in patients with metastatic 

liver disease (70). Some data suggests better outcome for tumors less than 3 to 5 cm in size 

that are not near sensitive tissues or large blood vessels (69,71). In selected cases, a partial 

tumor debulking may be attempted if it facilitates successful local therapy. Local therapies 

generally have a good safety profile, but side effects may include bleeding, infection, and 

injury to adjacent tissues.

3. What follow-up and surveillance is indicated in patients following 

oligometastatic lesion local therapy?

Close monitoring of the patient with contrast CT of chest, abdomen, and pelvis 

after surgical resection or local therapy of a metastatic lesion is necessary to 

assess for disease progression.

All patients with metastatic ACC who undergo active therapy including surgery or local 

therapies need close follow-up with contrast CT studies of chest, abdomen, and pelvis to 

monitor the progression of the disease. This will cover the majority of metastatic lesions in 

patients with ACC. There is no well-standardized approach for the frequency of imaging 

after surgical resection of metastatic lesions. Along with recent expert opinions, we 

recommend serial imaging every 3 months for 2 years and then every 3 to 6 months for an 

additional 3 years (3). The best imaging interval depends on a number of factors, including 

the dynamics of the disease, patient symptoms, toxicity and type of ongoing treatment, and 

the overall prognosis (72). Additional imaging after each surgical intervention to establish a 

baseline for future comparison should be considered. In a minority of patients with 

metastatic disease who are alive beyond 5 years, adapting the survey based on the clinical 

picture is reasonable. CT imaging is the study of choice, but magnetic resonance imaging 

(MRI) may provide better resolution on venous tumor thrombus, venous invasion, and small 

hepatic metastasis. Other additional imaging such as CT of head and bone are indicated in 

cases of clinical suspicion of metastatic lesions. The addition of 18FDG-PET to routine 

follow-up CT studies is suggested by some groups but not endorsed by the current 

guidelines (73). Patients should have a physical examination at each visit and be closely 

monitored for any new or worsening respiratory and abdominal complaints, including any 

signs or symptoms of mass effect.

CASE 3:

The patient is a 52-year-old man who initially presented to his primary care provider with 

back pain. On assessment, the patient was also found to be hypertensive, and on follow-up 

visits, the blood pressure was higher despite an aggressive three-drug regimen 

antihypertensive therapy. Retroperitoneal ultrasound with Doppler was ordered for 

secondary hypertension work-up and revealed a large solid mass at the upper pole of right 

kidney. Subsequent adrenal CT and PET/CT skull-to-thigh imaging showed an 8-cm left 

adrenal mass (standard uptake value = 5), thrombus in left renal vein extending into inferior 
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vena cava, without lesions in lungs or liver. CT angiography showed no inferior vena cava 

(IVC) thrombus above the diaphragm or right atrium.

1. Is there a role for neoadjuvant systemic therapy in borderline-resectable ACC 

(BRACC)?

Based on limited data, administration of neoadjuvant therapy prior to surgery in 

patients with BRACC was associated with a trend increase in 5-year survival 

rates.

The majority of patients with ACC present with locally advanced disease (34% with stage 3) 

or metastatic disease (26% with stage 4) (74). Thus, a radical resection with curative intent 

is not always possible. When there is a radiologic suspicion of locally advanced ACC or 

evidence of invasion of surrounding organs, the surgical field is large, and multi-organ 

resection is often required. It is also common to observe small-volume metastases to other 

organs, which can complicate surgical decision making. In addition, patients with poor 

performance status secondary to hormone excess have a higher risk for perioperative 

complications. The term BRACC has been retrospectively defined as clinical stage where 

extent of tumor burden at presentation or patient’s characteristics oppose immediate surgical 

approach. In patients with BRACC, there is either a need for multi-organ or major vascular 

resection with high risk for a margin-positive resection based on pre-operative imaging 

review, and/or there is radiographic suspicion for low-volume metastatic disease that is often 

outside the planned surgical field. In some BRACC cases, poor performance status 

secondary to patient’s related comorbidities also prevents immediate surgical intervention. 

In a retrospective study of 15 patients with BRACC treated with neoadjuvant chemotherapy 

and 38 patients with ACC treated with primary surgical resection, there was no statistically 

significant difference in median overall survival between the two groups, despite a more 

advanced disease in patients with BRACC; 5-year survival of 65% and median time to 

progression of 28 months in patients with BRACC, versus 5-year survival of 50% and 

median time to progression of 14 months in patients with localized ACC (75).

The complexity of care for patients with BRACC is best approached by an experienced 

team, coordinating all aspects of care, including the supportive, hormonal, oncologic, and 

surgical care. The use of systemic therapy in these cases can result in clinically meaningful 

improvements to make surgery possible as well as remarkable improvement in comorbidities 

associated with autonomous hormone production through tumor burden reduction. These 

patients require close monitoring, assessment, and frequent adjustment of the anti-hormonal 

medications (i.e., ketoconazole or metyrapone) used to control the concomitant autonomous 

hormone production associated with ACC. The use of 18FDG-PET/CT is very helpful in 

these cases to predict metabolic response of ACC that can precede the anatomic changes in 

some cases (8).

In a few cases, a multiphase surgical approach is considered, starting with removal of the 

primary tumor, followed by a planned resection of metastases outside the surgical field (for 

example, isolated metastases in liver or lungs). The combined use of multiple treatment 

options including systemic chemotherapy, surgery, transarterial chemoembolization, and 
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radiofrequency ablation carries the best hope to improve the long-term outcomes of patients 

with ACC.

CASE 3 (continued):

The patient was referred to a local community cancer center where surgical resection of the 

primary tumor was attempted with intra-operative tumor rupture. The pathology of core 

biopsy was consistent with ACC, with Ki67 of 20%. Patient was subsequently referred to an 

adrenal tumor center for further management.

1. Does intra-operative tumor rupture carry a higher risk of recurrence?

Unfortunately, patients with ACC who had tumor rupture and intra-operative 

tumor spillage often develop peritoneal carcinomatosis with limited ability to 

achieve permanent remission.

Laparoscopic resection in particular is associated with a higher risk to develop recurrence, 

tumor rupture, and carcinomatosis (19,20). Once peritoneal seeding occurs, there is little 

meaningful therapy. Cytoreductive surgery can be combined with heated intraperitoneal 

chemotherapy in an attempt to reduce disease load. In a phase II clinical trial setting, 9 

patients with recurrent ACC, in the peritoneum only, received intraperitoneal heated 

chemotherapy in addition to surgery. It is unclear if this approach yielded any clinical 

benefit, as 2 patients died of disease within 2 years of follow-up, and the remaining 7 

patients had evidence of disease recurrence (76).

CASE 3 (continued):

The patient was evaluated in an adrenal tumor multidisciplinary center and underwent 

second surgery, which included IVC thrombectomy, IVC venoplasty, and periaortic 

lymphadenectomy for enlarging lymph nodes. The pathology was consistent with ACC. The 

patient underwent external radiation therapy to adrenal bed and was subsequently started on 

mitotane. At 3 months postoperatively, the patient presented with shortness of breath, and 

imaging revealed a pulmonary embolism, new lung nodules, and a right atrium lesion most 

likely consistent with metastatic disease. The lung metastases all progressed on subsequent 

imaging 6 weeks later.

1. What are therapy options for recurrent and advanced disease?

In addition to mitotane, in patients with progressive systemic disease, 

chemotherapy with etoposide, doxorubicin, cisplatin (EDP) is recommended.

ACC is a systemic disease in most cases. In addition to patients with ACC presenting with 

stage 4 disease, almost 60 to 70% of patients with localized ACC develop local and more 

commonly distant recurrence after having surgery with curative intent (62,77,78).

Mitotane is the only approved drug to treat metastatic ACC, although it is associated with 

low response rates (12). Thus, systemic chemotherapy has been used in combination with 

mitotane to enhance efficacy. One of the only phase III studies in ACC (FIRM-ACT) 

compared the two most commonly used regimens (EDP with mitotane vs. streptozocin [SZ] 

with mitotane). EDP-mitotane use resulted in complete response in about 1% of cases and 
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partial response in 23% of participants, with median progression-free survival of 5 months. 

Despite the only modest efficacy of EDP-mitotane, the response rate was higher compared to 

SZ-mitotane (response rate 9%, with median progression-free survival of 2 months) (79). In 

a retrospective multicenter study of 145 patients with advanced ACC, gemcitabine use alone 

or in combination with capecitabine resulted in median progression-free survival of less than 

3 months, with a very low partial response rate of 5% (80).

2. Are there targeted therapies and clinical trials available for patients with ACC?

Clinical studies using targeted therapies in ACC have shown limited response 

thus far; however, clinical trials examining the hepatocyte growth factor/cMET 

pathway and immune checkpoint inhibitors are under-way.

Over the past decade, cancer therapy has changed with the introduction small-molecule 

tyrosine kinase inhibitors. The use of these drugs in ACC has been disappointing so far, and 

no significant responses were seen. Sorafenib in combination with paclitaxel did not yield 

any responses (81), and single-agent salvage therapy with sunitinib in 35 patients with ACC 

was associated with a median progression-free survival of 2.8 months and a response rate of 

15%. It is important to note that in most patients with ACC who are treated with mitotane, 

efficacy of subsequent therapies might be hampered by increased drug metabolism by 

induction of the hepatic CYP3A4 system (82).

As the majority of ACCs express high levels of insulin-like growth factor 2, targeting insulin 

growth factor receptors has been attempted using a small-molecule kinase inhibitor 

(linsitinib) as part of the phase III GALACCTIC trial. Despite the overall lack of efficacy, 

there was a small subset of patients with true responses to therapy (83). The combined 

targeting of insulin-like growth factor receptor 1 via monoclonal antibody (cixutumumab) in 

combination with an mTOR inhibitor (temsirolimus) resulted in stable disease in almost 

40% of participants at >6 months (duration range, 6 to 21 months) (84).

Activation of the the hepatocyte growth factor/cMET pathway has been reported as one of 

the mechanisms of resistance to therapy in ACC after the exposure to commonly used 

therapies (cisplatin, radiation, and mitotane). Targeting the cMET pathway appears to be 

promising, and there is an ongoing clinical trial to assess the safety and efficacy of 

cabozantinib in ACC (NCT03370718) (85).

Most recently, immunotherapy gained significant popularity in cancer treatment, and several 

phase II studies using immune checkpoint inhibitors in ACC have been completed (86–89). 

These clinical studies found modest efficacy of immunotherapy in ACC. It still remains 

unclear whether concomitant cortisol overproduction could antagonize the effects of 

immunotherapy (86–89). Early data suggests that combining other treatments such as 

mitotane may enhance the efficacy of immunotherapy (90). In conclusion, future studies are 

urgently needed to identify better treatment options for metastatic ACC.
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CASE 3 (continued):

The patient was started on a chemotherapy regimen including EDP and continued mitotane. 

On subsequent follow-up, he had some decrease in size of the pulmonary lesions but then 

developed a new intra-abdominal lesion as well as metastatic bone lesions.

1. Is there a role for palliative radiation therapy in advanced ACC?

Despite a less-defined role in ACC, palliative radiation therapy may be 

successfully used in patients with advanced ACC for the treatment of bone, 

brain, and other metastases, including symptomatic control of mass effect. In the 

view of new bone metastases and intra-abdominal lesions, the patient should be 

evaluated for palliative radiotherapy.

Palliative radiotherapy has been extensively used in patients with metastatic cancer, 

particularly in those with bone and brain metastases. Other indications may include mass 

effect, including vena cava obstruction and symptomatic recurrence. The role of 

radiotherapy is less defined in patients with ACC compared to a number of more common 

malignancies, but it is effective for pain relief and may improve neurologic symptoms. It 

may also be used in patients with unresectable abdominal recurrences that cause pain or 

vascular or intestinal obstruction. Radiation therapy may be offered in carefully selected 

patients with oligo-metastases who are not a good candidate or do not want to pursue 

surgery or systemic therapy (91). In a review of the role of radiotherapy in 90 patients with 

advanced ACC who received palliative radiotherapy, a response rate of 57% was observed. 

The study demonstrated that radiotherapy may play an important role in the care of patients 

with advanced metastatic ACC (92). With newer, state-of-the-art radiotherapy technologies, 

the short- and long-term toxicities are mostly mild to moderate. The decision to offer 

radiotherapy to a patient with widespread metastasis and a very limited life expectancy 

should be individualized (93). The use of palliative radiotherapy for asymptomatic masses, 

which are not resectable, is not well defined. Targeted radionuclide therapy may offer an 

additional option for selected patients with advanced metastatic ACC but requires further 

evaluation in clinical trials (94).

2. What approach is recommended for ACC bone metastasis?

The available data demonstrates the palliative benefit of radiotherapy as well as 

antiresorptive agents in patients with bone metastasis.

Skeletal-related events (clinical bone fracture, spinal cord compression, or hypercalcemia) 

were reported in 47% of patients with ACC and bone metastasis in a large multicenter 

analysis (95). Bone was the only metastatic site in 9% of the patients, and the median overall 

survival from the diagnosis of bone metastasis was 11 months. Bone metastasis may be 

associated with significant pain, pathologic fractures, and spinal cord compression, resulting 

in poor quality of life. Hypercalcemia may rarely occur in patients with ACC. The available 

data demonstrates the effectiveness of palliative radiotherapy in the form of external beam 

radiation or stereotactic radiosurgery in symptom relief in up to 90% of patients with 

metastatic bone disease (96,97). The observed benefit is mainly in pain relief but may also 

be associated with reduction in paresthesia or paralysis (92). In addition to radiotherapy, 

surgical intervention may be needed for patients with symptomatic bone involvement, such 
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as limb-saving procedures and vertebrectomy with spinal stabilization, provided the patient 

is suitable for surgery (98).

Compared to other malignancies, evidence for or against the use of antiresorptive therapy to 

reduce skeletal-related events in patients with ACC and bone metastasis is lacking. However, 

the use of antiresorptive therapies with bisphosphonates or denosumab in oncologic doses 

for patients with bone metastases and anti-osteoporotic doses for those with 

hypercortisolism seems to be justified until further studies are available (91). In a recent 

study, the use of bisphosphonates or densosumab was associated with a significantly lower 

risk of death in patients with ACC and bone metastasis who achieved mitotane levels >14 

mg/L but not in those with subtherapeutic mitotane levels (95). Possible cytotoxic activity, 

prevention of cancer colonization outside the bone microenvironment, and synergism with 

mitotane have been postulated as potential underlying mechanisms that need to be further 

evaluated in future studies.

3. Is integration of palliative care (PC) an appropriate approach in this patient with 

ACC?

All patients with advanced metastatic ACC should be evaluated by the palliative 

care team as part of their standard of care.

PC, unlike hospice, can be utilized simultaneously with disease-modifying or curative 

therapies such as surgery. The goal of PC in patients with ACC is to improve the quality of 

life for patients and their families facing a life-threatening illness. It should include 

assessment and treatment of pain and address fears, worries, and end-of-life issues for 

patients. It can help guide treatment decisions to be in line with physical, psychological, and 

spiritual needs of the patients and result in less end-of-life treatment and decreased medical 

costs (99). Several oncology organizations have guidelines about PC, reflecting the need to 

integrate it into standard oncology care (100). All patients with advanced metastatic ACC 

should be evaluated by the palliative care team while being followed by their 

multidisciplinary team, including their endocrinologist and oncologist, recognizing that 

metastatic ACC is rarely a curable disease. The goal is to help patients have an active life as 

much as possible until death. After each disease progression, the team needs to discuss 

different options with the patient, including the best supportive care concept.

Paying particular attention to social and psychological aspects of therapy, including 

professional counseling, is important. These measures may be particularly useful in a subset 

of patients with a relatively long survival despite advanced disease. PC is best delivered at a 

location close to the patient’s home. New technologies such as telemedicine provide an 

opportunity for the care of patients with advanced metastatic ACC who prefer to have their 

care at home (101).

Medical therapy directed towards controlling hypercortisolism, hypertension, electrolyte 

disturbances, and hormonal deficiencies is necessary for achieving a better quality of life. 

There are several pharmacologic options to control effects of hypercortisolism, through 

enzyme inhibitors or direct antagonism on the glucocorticoid receptor (3). Mitotane has 

some antihormonal activity, likely due to its adrenolytic properties and the increase of 

hydrocortisone metabolism, but it only takes effect after some time (weeks). In order to 
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immediately control hypercortisolism, one can use ketoconazole or metyrapone (11β-

hydroxylase inhibitor), with the latter being much more reliable and immediate in its effect 

(12). When using these medications, one can measure 24-hour urine cortisol to monitor for 

successful reduction in cortisol production. Metyrapone can be difficult to titrate, and an 

emerging approach is to ‘block and replace’. For immediate control of hypercortisolism, 

etomidate, likewise a very potent 11β-hydroxylase inhibitor, can be used (roughly ~1/10 of 

anesthetic dose) (102). However, etomidate needs to be given intravenously, and 

administration is most often restricted to intensive care units.

Mifepristone is another alternative for controlling glucocorticoid effects. It binds and blocks 

the glucocorticoid receptor with very high affinity and efficacy. Due to the rise in cortisol 

following therapy with a glucocorticoid antagonist, cortisol levels cannot be used to monitor 

adequate drug effect. In addition, rising cortisol levels often overwhelm the 11β-

hydroxysteroid dehydrogenase system in the kidney, causing hypertension and hypokalemia 

as cortisol activates renal mineralocorticoid receptors. This often necessitates the use of 

spironolactone and/or potassium replacement (103). Anti-androgenic therapy can be 

achieved with spironolactone or flutamide in women with significant hirsutism. Abiraterone 

might emerge as an alternative therapy for this purpose. Occasionally, therapy is necessary 

for male patients with gynecomastia due to tumor production of estradiol. This is best 

achieved with anti-estrogenic substances (e.g., tamoxifen) or aromatase inhibitors (12).

CASE 4:

The patient is a 50-year-old man with history of melanoma, which has been in remission on 

anti–programmed death 1 immunotherapy for 1 year. He presented for a surveillance CT-

PET and was found to have an 18FDG-positive left adrenal mass measuring 5 cm. He was 

then referred to an endocrinologist for work-up.

1. What is the role of imaging in patients with an incidental adrenal mass who have 

a history of extra-adrenal malignancy?

The incidental adrenal mass in a patient with a history of extra-adrenal 

malignancy can represent a metastatic lesion, may also be a benign finding, and 

in very rare cases be an ACC. Imaging characteristics are helpful to determine 

likely benign versus malignant etiology.

The work-up of the incidentally discovered adrenal mass is generally focused on two 

aspects: ruling out malignancy and determining if there is hormonal hypersecretion. 

Available imaging techniques include CT, MRI, and 18FDG-PET (5,6,104). Even in patients 

with high risk for adrenal malignancy (history of extra-adrenal malignancy) referred for 

adrenal biopsy, 0% of adrenal tumors with HU <10 were malignant or pheochromocytomas 

(104–106). However, imaging techniques such as CT and MRI demonstrate a high rate of 

false positives (many adrenal lesions with HU >10 or chemical shift on MRI still represent 

lipid-poor adenomas) and do not distinguish between various malignant etiologies or 

pheochromocytoma (all with absent chemical shift on MRI, majority with HU >20 or 

heterogeneous). 18FDG-PET demonstrates false positives (for example functioning 

adenomas) and false negatives (such as a small metastasis) and cannot distinguish adrenal 

malignancy from pheochromocytoma. A recent report evaluating a cohort of patients with 
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history of extra-adrenal malignancy found that an incidental adrenal mass is more likely to 

be metastatic disease in patients with active malignancy than those with remote malignancy 

history (47% versus 26% of patients, respectively) (107).

2. Are there serum/urine markers to distinguish ACC from benign and/or extra-

adrenal metastatic disease to the adrenal gland?

Urine steroid metabolomics assays have recently been developed to distinguish 

ACC from benign disease or other malignant adrenal tumors.

Disorganized steroidogenesis with a buildup of adrenal steroid precursors is a hallmark of 

ACC (108). The absence of adrenal hormone excess does not exclude ACC, as not all ACCs 

exhibit hormonal excess leading to androgen excess, cortisol, and aldosterone excess. On the 

other hand, when present, in particular combined androgen and cortisol excess in an 

indeterminate adrenal mass, is strongly suggestive of ACC (104). Recently, novel assays 

using urine steroid metabolomics have been developed to distinguish benign adrenal tumors 

from ACC (15,16,42,43). This study found 11-deoxycortisol metabolite tetrahydro-11-

deoxycortisol as the most differentiating biomarker, and in combination with several other 

metabolites, provided useful adrenal tumor classification. Urine steroid profiling for 

diagnosis of ACC is now commercially available. In addition to diagnosing ACC in a patient 

with indeterminate adrenal mass, urine steroid profiling was also shown to be useful in 

detecting ACC recurrence in patients with complete (R0) resection (17).

3. Is a biopsy of the adrenal lesion indicated?

In a patient with indeterminate adrenal mass (HU >10), after excluding 

pheochromocytoma and ACC with hormonal work-up, biopsy of adrenal mass 

may be considered in patients with a history of an extra-adrenal malignancy or 

high suspicion for adrenal metastasis (bilateral enlarging indeterminate lesions), 

if it is necessary for treatment decisions.

Biopsy of an adrenal lesion suspicious for ACC is not recommended. Neither fine-needle 

aspiration (FNA) nor core biopsy can reliably distinguish adrenal adenoma from ACC, as 

there are well-known challenges in differentiating adrenal cortical adenoma and carcinoma 

even when the entire tumor specimen is available (109). However, CT-guided FNA is a 

useful tool in patients in whom the detection of an infectious or metastatic lesion would 

modify therapy or prognosis (110). Needle-track metastases have been reported from ACC 

as well as from adrenal metastasis from other tumors (3,109,111). However, there is no 

evidence supporting the common misconception that biopsies of ACCs are more prone to 

cause needle-track metastasis than biopsies of other cancers. Prior to any FNA, 

pheochromocytoma should be ruled out with biochemical testing, because the procedure 

could induce hypertensive crisis or sudden death (112).

CASE 4 (continued):

The patient’s hormonal work-up was negative for cortisol, aldosterone, androgen, and 

catecholamine excess. Urine steroid profiling was not performed. He was referred to surgical 

resection of the left adrenal mass considering his history of melanoma. The pathology was 

consistent with oncocytic neoplasm and Ki67 of 5%.
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1. Are oncocytic adrenal neoplasms always malignant?

Oncocytic adrenal neoplasms can be benign or malignant. The Lin-Weiss-

Bisceglia score is used to estimate malignant potential of this tumor.

Oncocytic neoplasms are distinguished by large, polygonal cells with a prominent granular 

eosinophilic cytoplasm owing to abundant cytoplasmic mitochondria (113,114). 

Adrenocortical oncocytic neoplasms can be either benign or malignant and frequently 

contain high-grade nuclear features. As they usually present as an incidental, large, lipid-

poor adrenal mass, CT and MRI findings cannot be used to differentiate benign and 

malignant oncocytic neoplasms. Oncocytic adrenocortical carcinoma (OAC) is a rare subset 

of oncocytic neoplasms. The Weiss score, which is utilized to distinguish nononcocytic 

adrenal adenomas from carcinomas, overestimates the potential for malignancy in oncocytic 

neoplasms owing to parameters that are intrinsic to oncocytic cells. The Lin-Weiss-Bisceglia 

score was specifically developed for this type of tumor (113). Available literature suggests 

that OAC behaves in a more indolent fashion than ACC (115).

2. What is the treatment of OAC?

Compared to most ACCs, OAC usually presents with a less-aggressive course. 

The treatment and monitoring plan is similar to other ACCs.

Two recent large, retrospective studies confirmed that, despite their frequent large and 

aggressive appearance on pre-operative imaging, OACs rarely invade adjacent organs, tend 

to be of lower stage, and have improved overall survival when compared to most other ACCs 

(116,117). The Helsinki score, which incorporates the Ki67 proliferation index, is the best 

prognostic score for this subset of ACCs. Guidelines for adjuvant therapy, follow-up, and 

surveillance of patients with OACs generally follow recommendations for other ACCs, 

although these recommendations are based on limited, largely retrospective data. It is 

notable that in one of the studies, patients with OAC treated with mitotane (presumably for 

higher-stage disease) also had improved survival compared to patients with other ACCs on 

the same treatment (117).

CONCLUSION

Coupled with the recent advances in the molecular underpinning of the disease, the 

standardization and multidisciplinary approach to clinical care of patients with ACC provide 

an opportunity towards personalized management and improved outcomes. While 

centralization and expert-based care for patients with rare disease, such as ACC, is an 

essential requirement towards progress, the scarcity of the expert programs and long travel 

distances in many cases preclude patients from seeking care in medical institutions with 

ACC expertise. In the era of the expanding informational technology and development of 

telemedicine practice, efforts should be placed towards expert-guided local care where local 

medical providers partner with the multidisciplinary expert teams to provide excellent and 

up-to date-care for patients with ACC.
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Abbreviations:

ACC adrenocortical carcinoma

ACTH adrenocorticotropic hormone

BRACC borderline resectable adrenocortical carcinoma

CT computed tomography

DHEAS dehydroepiandrosterone sulfate

EDP etoposide, doxorubicin, cisplatin

FDG 18F-fluorodeoxyglucose

FNA fine-needle aspiration

HU Hounsfield units

IVC inferior vena cava

LFS Li-Fraumeni syndrome

MEN1 multiple endocrine neoplasia type 1

MRI magnetic resonance imaging

OAC oncocytic adrenocortical carcinoma

PC palliative care

PET positron emission tomography
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Table 3

Weiss Score (17) System to Evaluate Benign Versus Malignant Adrenal Neoplasm

Criteria Present in adrenocortical carcinoma Score

Nuclear Grade High (grade 3 or 4)
a 1

Mitotic rate Greater than 5 per 50 HPF 1

Presence of atypical mitosis Present 1

Clear cells Present in 25% or less of the tumor 1

Diffuse architecture Greater than 1/3 of the tumor 1

Necrosis Present 1

Venous invasion Present 1

Sinusoidal invasion Present 1

Capsular invasion Present 1

Total Weiss score > 3 is suggestive of adrenocortical carcinoma

Abbreviation: HPF = high-power field.

a
High-grade parameters as defined by Fuhrman et al (18) in renal cell carcinoma.
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Table 4

Variables for Pathologic Evaluation of Tumor Suspicious for Adrenocortical Carcinoma

Weiss criteria variables

Tumor size (cm3)

Tumor weight (gm)

Surgical margins

Lymph node status

Extra adrenal extension

Immunohistochemistry

 Steroidogenic factor 1 (SF1)

 Alpha-inhibin

 Synaptophysin

 MelanA

 KI-67

 P53

 B-catenin

 MMR stains (MLH1, PMS2, MSH2, MSH6)
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