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23.1            Introduction 

 Adrenal tumors are becoming increasingly common with the improvement in 
 imaging techniques. Prevalence of incidental adrenal lesions detected by computed 
tomography (CT) or magnetic resonance imaging (MRI) exceeds 5 % with an 
 estimated incidence of 7.3 % from autopsy series [ 1 – 3 ]. Although the majority of 
those lesions are benign adrenocortical adenomas, some of the lesions are malig-
nant, known as adrenocortical carcinoma (ACC). ACC is a rare and highly aggres-
sive tumor and is usually resistant to most of the conventional chemotherapeutics 
[ 4 ]. Overall 5-year survival is less than 40 % [ 5 ,  6 ]. Signifi cant progress has been 
made in delineating the pathogenesis of ACC over the past 20 years. Surgery is the 
preferred treatment for localized ACC with the aim to achieve  complete resection 
with clear margins. Unfortunately current treatment options other than surgery have 
limited effi cacy in the adjuvant and advanced setting. Given the low incidence of the 
disease, a number of clinical trials in patients with ACC are limited and mostly 
retrospective; therefore treatment recommendations are generally based on retro-
spective data or expert opinions. In order to understand molecular mechanisms 
underlying the disease and develop more effective treatment for ACC, clinical and 
translational studies with international collaboration are needed.  
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23.2     Epidemiology 

 The incidence of ACC is approximately 1–2 cases per million, and ACC accounts 
for 0.02–0.2 % of all cancer deaths. ACC can occur at any age. The disease has 
a bimodal incidence peak, with a larger peak in the 4–5th decade of life 
and another peak in the fi rst decade of life. The incidence is slightly higher in 
females [ 6 ,  7 ]. 

 In the largest published series of ACC ( n  = 3,982), the median age at diagnosis 
was 55 years, median tumor size was 13 cm, and distant metastases were found on 
presentation in 21.6 % of patients [ 6 ,  8 ]. ACCs may be nonfunctional and may 
 present with symptoms due to mass-forming effects of the tumor, such as abdominal 
discomfort, pain, or indigestion, or can be functional with hormone-secreting 
 features in up to 34–62 % of the patients. Presentation and clinical symptoms are 
based on the type of produced hormone. Cortisol secretion and resulting Cushing’s 
syndrome is the most common presentation followed by either virilization or a 
 combination of both [ 7 – 10 ]. Feminizing syndrome due to the secretion of estradiol, 
prolactin, and testosterone and hyperaldosteronism are also seen. In the later phases 
of the disease with the growing mass in the abdomen, approximately one-third of 
the patients experience nonspecifi c abdominal discomfort. Advances in the imaging 
techniques may have increased the frequency of asymptomatic presentations which 
may also translate into the improved survival rates. Kasperlik-Zaluska et al. reported 
that 28.5 % of their 63 patients with ACCs presented as incidentalomas [ 11 ]. 
The mean duration from the onset of symptoms to diagnosis of ACC varies from 6 
to 16 months and appears to be independent of whether it is functional or clinically 
silent [ 12 ,  13 ].  

23.3     Pathogenesis 

 The etiopathogenesis of ACC is rather complex; there is no identifi ed causative 
environmental agent described yet. Although ACCs are mostly sporadic, certain 
inherited cancer syndromes may present with ACC. Detailed description of these 
hereditary cancer syndromes and involved genes will be very important in the 
future for describing carcinogenic pathways and development of new targeted 
 therapies. Hereditary tumor syndromes associated with ACC are Li–Fraumeni 
 syndrome, Beckwith–Wiedemann syndrome, Carney complex, multiple endocrine 
neoplasia (MEN1), congenital adrenal hyperplasia, and familial adenomatous pol-
yposis (FAP) [ 10 ]. 

 There are some genes involved in the pathogenesis of ACC and one of them is 
TP53; TP53 is a tumor suppressor gene; it causes cell cycle arrest or cell death in 
response to DNA-damaging agents. TP53 mutations in exons 5–8 may be seen in 
ACCs and patients having these mutations have shortened survival. The prevalence 
of TP53 gene mutation in adult patients with ACC was found to be 3.9 % [ 14 ]. 
Genetic counseling with germline testing for TP53 is recommended to all patients 
with ACC, particularly if age <40 [ 15 ]. 
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 Another important gene implicated in the pathogenesis of ACC is insulin-like 
growth factor-2 (IGF2) gene. Rearrangements, loss of heterozygosity (LOH), and 
abnormal imprinting of the 11p15.5 locus are associated with elevated IGF2 
mRNA expression in ACC [ 16 ,  17 ]. IGF2 overexpression could be used as a diag-
nostic tool for discriminating benign from malignant adrenal masses because 
IGFR 2 overexpression is a consistent fi nding in ACCs [ 18 – 20 ]. Higher IGF2 
levels are associated with a malignant phenotype, and overexpression of IGF2 is 
associated with an increased risk of ACC recurrence [ 21 ]. Demethylation of IGF2 
is also found more frequently in ACCs and correlates with IGF2 mRNA expres-
sion [ 17 ,  18 ]. Furthermore, LOH of the 11p15 locus has been demonstrated more 
frequently in ACC (67 %) compared to adrenal adenomas (13 %). It has been 
postulated that this leads to overexpression of IGF2 because the maternal allele is 
lost with duplication of the paternal allele leading to a double dose of the expressed 
allele [ 17 ]. 

 Activating somatic mutation of the  CTNNB1  (beta-catenin) gene has also been 
identifi ed in ACCs. Wnt/beta-catenin pathway activation was linked to decreased 
disease-free and overall survival in patients with resected adrenal carcinoma [ 22 ]. 
Other genes potentially involved in the pathogenesis of ACC are  ZNRF3 ,  CDKN2A , 
 RB1 ,  MEN1 , CYP21B, PRKAR1A, and GNAS genes [ 23 ]. 

 A number of studies have assessed the use of molecular markers in discriminat-
ing ACCs from adrenal adenomas. Immunohistochemistry with Ki-67/MIB1 has 
been found to be useful in differentiating ACCs from adrenal adenomas [ 24 – 26 ] 
with a reported sensitivity of 87.5 % and specifi city of 95.5 % [ 25 ]. Combining 
IGF2 with Ki-67/MIB1 IHC improved sensitivity and specifi city for differentiating 
ACCs from adrenal adenomas to 100 and 95.5 %, respectively [ 25 ]. IHC with p53 
has not been found to be particularly helpful because even though it is highly spe-
cifi c for ACCs, its sensitivity is low, ranging from 5.4 to 73 % [ 24 – 26 ]. Protein 
expression of matrix metalloproteinase type 2 (MMP2, also known as gelatinase A) 
has been found to be high in ACCs but low in adrenocortical adenomas. MMP2 
protein expression in ACCs was focal in two-thirds of cases and diffuse in the 
remainder. More diffuse expression of MMP2 in ACCs was associated with shorter 
overall and disease-free survival [ 27 ]. Interestingly, while MMP2 mRNA was found 
more frequently in ACCs compared to adrenal adenomas, mRNA was actually 
found in surrounding stromal tissue and not the neoplastic cell itself [ 28 ]. Serum 
levels of MMP2 have not been found to be useful in predicting either ACCs or adre-
nal adenomas [ 29 ]. 

 None of the mentioned markers have been validated in prospective studies or 
tested in clinical routine.  

23.4     Clinical Presentation and Diagnosis 

 Approximately 60–70 % of adult patients with ACC present with clinical fi ndings 
of hormone excess, mostly with Cushing’s syndrome. Weight gain, weakness, viril-
ization, feminization, or hyperaldosteronism may occur depending on the hormone 
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secreted. Diagnosis is based on clinical, laboratory, and radiologic fi ndings. Signs 
and symptoms of Cushing’s syndrome, hyperandrogenism, pheochromocytoma, 
and hyperaldosteronism should be assessed. Laboratory evaluation should include 
corticotropin (ACTH), serum cortisol, 24-h free cortisol in urine, total testosterone, 
dehydroepiandrosterone sulfate, and estradiol. Complete blood count and serum 
chemistries should also be obtained [ 10 ]. The European Network for the Study of 
Adrenal Tumors recommends plasma aldosterone and renin measurement if hyper-
tension or hypokalemia is present and plasma metanephrine or urinary metaneph-
rine and catecholamine measurement in all patients to exclude pheochromocytoma 
[ 30 ]. Excessive amounts of adrenal steroid precursors are detected in urine in recent 
studies; these markers may aid in the diagnosis and follow-up to detect the presence 
of tumor recurrence in patients with ACC [ 31 ]. 

 Computed tomography (CT) is widely used in the diagnosis and differentiation 
of benign from malignant lesions. The size of the tumor is important as increased 
size of the adrenal mass usually is a sign of malignancy (>5 cm tumors are usually 
malignant). An adrenal tumor diameter of 5 cm identifi es ACC with a sensitivity of 
93 % and a specifi city of 64 % [ 32 ]. Second, the radiologic appearance of the sus-
pected mass is decisive; benign adenomas usually have higher lipid content, and this 
results in a low attenuation on CT scans (i.e., <10 Hounsfi eld unit). Another feature 
of benign adenomas is rapid contrast enhancement and rapid washout. Irregular 
shape and margins, presence of hemorrhage, and heterogeneity are features suggest-
ing malignancy [ 33 – 35 ]. 

 Magnetic resonance imaging (MRI) and FDG-PET scans are helpful in evaluat-
ing adrenal carcinoma. MRI may show high lipid content of the adrenal mass as 
well as hemorrhage and heterogeneity of the tumor. A recent meta-analysis showed 
that FDG-PET had 97 % sensitivity and 91 % specifi city in discriminating benign 
from malignant adrenal masses. Integrated PET/CT scans have even higher sensitiv-
ity and specifi city. Therefore PET/CT is an important diagnostic tool for ACC, par-
ticularly for evaluation of indeterminate masses [ 36 – 38 ].  

23.5     Pathology 

 The only defi nitive criterion for malignant adrenal tumors is the presence of local 
invasion or distant metastases. Fine-needle aspiration biopsy cannot discriminate 
between adrenal adenoma and ACC but may be useful in distinguishing adrenal 
metastases. On macroscopic examination, ACCs are often large, with a tan-yellow 
cut surface, and areas of hemorrhage and necrosis may be seen. The tumors are 
 usually encapsulated or lobulated and can be solid or cystic [ 39 ]. On microscopic 
examination, the tumor usually displays sheets of atypical, eosinophilic cells with 
some resemblance to the cells of the normal adrenal cortex. Polygonal cells are 
arranged in sheets, nests, trabeculae, or ribbons and may contain anaplastic fea-
tures. Other signs of malignancy are increased mitotic activity and vascular and 
capsular invasion. Immunohistochemistry may help to differentiate ACCs from 
adrenal  adenomas. ACCs usually show immunostaining with Ki-67 (>10 %) and 
overexpression of insulin-like growth factor 2. The presence of invasion and 
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increased mitotic activity helps differentiate small cancers from adrenocortical 
 adenomas [ 39 ,  40 ]. 

 Differential diagnostic scores have been developed for pathological diagnosis; 
currently the Weiss and modifi ed Weiss scores are the most widely accepted scoring 
systems and are based on histological fi ndings. The updated Weiss score consists of 
fi ve criteria including mitotic rate >5 mitoses/50 high-power fi elds, cytoplasm (clear 
cells comprising 25 % or less of the tumor), abnormal mitoses, necrosis, and capsular 
invasion. Each criterion is scored 0 when absent or 2 for the fi rst two criteria and 1 
for the last three when present; a total score ≥3 is highly suggestive of ACC [ 41 ,  42 ]. 

 There are several relatively rare variants of ACC. These histologic variants are 
oncocytic adrenal cortical carcinoma, myxoid adrenal cortical carcinoma, carcino-
sarcoma, adenosquamous adrenocortical carcinoma, and clear cell adrenal cortical 
carcinoma [ 39 ].  

23.6     Staging 

 There are several staging systems in use. Macfarlane et al. proposed a staging 
 system in 1958 [ 43 ]. This staging system has been later modifi ed by Sullivan et al. 
in 1978 [ 44 ] and later by Lee et al. in 1995 [ 45 ] (Table  23.1 ). Based upon the 
 defi nitions of this staging system, the American Joint Committee on Cancer (AJCC)/
UICC staging scheme was developed [ 46 ] (Tables  23.2 ,  23.3 ,  23.4 , and  23.5 ). 
According to this scheme, the stage of ACC is determined by the size of the primary 
tumor, the extent of local invasion, and whether it has spread to regional lymph 
nodes or distant sites. Stage I–II disease is confi ned to the adrenal gland with a 
tumor size of less than or greater than 5 cm, respectively. Stage III disease is defi ned 
as invasion into adjacent organs or regional lymph nodes, while stage IV disease 
denotes distant metastatic disease [ 43 ,  44 ].

       In addition to the abovementioned AJCC staging, the European Network for the 
Study of Adrenal Tumors (ENSAT) staging system is widely used internationally 
[ 47 ]. The ENSAT staging system is essentially the same as the AJCC system, but 
this staging proposals tend to limit stage IV patients with distant metastasis. 
Presence of local invasion, venous tumor thrombosis, or local lymphadenopathy is 

   Table 23.1    Staging of ACCs   

 Stage  Macfarlane [ 43 ]  Lee et al. [ 45 ] 

 I  T1 (<5 cm) N0M0  T1 (<5 cm) N0M0 

 II  T2 (>5 cm) N0M0  T2 (>5 cm) N0M0 

 III  T3 (local invasion without 
involvement of the adjacent organs) 
or mobile positive lymph nodes 

 T3/T4 (local invasion as shown by histological 
evidence of adjacent organ invasion, direct 
tumor extension to IVC, or tumor thrombosis 
within IVC or renal vein), and/or N1 (positive 
regional lymph nodes), M0 

 IV  T4 (invasion of the adjacent organs) 
or fi xed positive lymph nodes or M1 
(distant metastases) 

 T1–4, N0–1, M1 (distant metastases) 
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defi ned as stage III. Most contemporary studies use this staging system because of 
superior prognostic stratifi cation compared to AJCC scheme. According to the 
ENSAT scheme, 5-year disease-specifi c survival rates are 82 % for stage I disease, 
61 % for stage II, 50 % for stage III, and 13 % for stage IV [ 48 ]. 

 Proper staging should include CT of the abdomen and chest. Magnetic resonance 
imaging may increase specifi city of CT evaluation. In-phase and out-of-phase 
T1-weighted imaging may be the most effective noninvasive method to differentiate 
benign from malignant adrenal masses. Extracapsular tumor invasion, extension 
into the vena cava, or metastases may be detected more accurately with MRI. Patency 
of surrounding vessels can often be demonstrated with gadolinium-enhanced 
sequences or fl ip-angle techniques [ 33 ,  35 ,  49 ].  

   Table 23.2    Defi nitions of TNM   

 Primary tumor (T) a  

 TX  Primary tumor cannot be assessed 

 T0  No evidence of primary tumor 

 T1  Tumor ≤5 cm in greatest dimension, no extra-adrenal invasion 

 T2  Tumor >5 cm, no extra-adrenal invasion 

 T3  Tumor of any size with local invasion, but not invading adjacent organs b  

 T4  Tumor of any size with invasion of adjacent organs b  

   a Adopted from [ 90 ] 
  b Adjacent organs include the kidney, diaphragm, great vessels, pancreas, spleen, and liver  

  Table 23.4    Defi nitions 
of TNM  

 Distant metastasis (M) a  

 M0  No distant metastasis 

 M1  Distant metastasis 

   a Adopted from [ 90 ]  

   Table 23.3    Defi nitions 
of TNM   

 Regional lymph nodes (N) a  

 NX  Regional lymph nodes cannot be assessed 

 N0  No regional lymph node metastasis 

 N1  Metastases in regional lymph node(s) 

   a Adopted from [ 90 ]  

   Table 23.5    Defi nitions 
of TNM   

 Anatomic stage/prognostic groups a  

 Stage  T  N  M 

 I  T1  N0  M0 

 II  T2  N0  M0 

 III  T1  N1  M0 

 T2  N1  M0 

 T3  N0  M0 

 IV  T3  N1  M0 

 T4  N0  M0 

 T4  N1  M0 

 Any T 

   a Adopted from [ 90 ]  
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23.7     Treatment 

23.7.1     Surgical Resection 

 Complete surgical resection is the mainstay of treatment for ACC. Open surgical 
technique for adrenalectomy is recommended. Complete, en bloc, margin-negative 
resection should be the surgical goal [ 50 ,  51 ]. Lymph node dissection is recom-
mended [ 52 ]. Resection of adjacent organs including the spleen, kidney, liver, or 
pancreas might be required if local invasion is present. Tumor extension into the 
inferior vena cava is not a contraindication to surgery, and resection can be per-
formed by cardiopulmonary bypass. The role of laparoscopy is controversial; a 
number of previous studies showed that laparoscopic surgery for ACC increased the 
risk of local recurrence, peritoneal dissemination, and metastases [ 53 – 57 ], while 
others reported comparable results with open surgery particularly if the adrenal 
tumor is small [ 58 ]. Open surgery is currently the preferred approach by NCCN 
guidelines. Completeness of surgical resection is the most important factor that 
infl uences outcome [ 32 ,  59 ]. If resection is incomplete, repeated surgery for achiev-
ing clear margins should be considered. 

 Patients who undergo complete repeat resection of local recurrence or distant 
metastasis also have improved survival. One study showed that patients who had 
a complete second resection of local or distant recurrence had a median survival 
of 74 months (5-year survival, 57 %), whereas those with incomplete second 
resection had a median survival of 16 months (5-year survival, 0 %) [ 60 ]. 
Therefore surgery is still an important treatment in advanced disease when com-
plete resection of recurrence and all metastases is feasible. Selected patients 
with uncontrollable symptomatic hormone excess might be candidates for deb-
ulking surgery. 

 The benefi t of neoadjuvant systemic therapy prior to surgery for locally advanced 
disease is not known, and this is not considered a standard approach.   

23.8     Systemic Therapy 

23.8.1     Mitotane 

 Adrenocortical carcinoma is a rare tumor; thus there are no randomized trials of 
adjuvant therapy. Up to 80 % of the patients experience disease recurrence after 
radical resection; this forms the rationale behind adjuvant therapy. The only treat-
ment which showed benefi t in terms of disease-free and overall survival in retro-
spective reports is mitotane. Mitotane is a derivative of the insecticide 
dichlorodiphenyltrichloroethane (DDT or rothane). Mitotane is metabolized to an 
active metabolite which leads to necrosis of the zona fasciculata and reticularis of 
the adrenal cortex and inhibition of adrenocortical hormone production (blocking 
adrenal 11-beta-hydroxylation and cholesterol side-chain cleavage) [ 61 ]. The larg-
est series of adjuvant mitotane use after surgery compared to surgery alone in 177 
patients with ACC from 8 centers in Italy and 47 centers in Germany was published 
recently. All patients had radical resection with a follow-up of up to 10 years. 
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Forty- seven of the 177 patients received adjuvant mitotane after surgery, while the 
rest of the patients had surgery alone. Median recurrence-free survival was 42 
months in the mitotane group, 10 months in the Italian control group ( p  < 0.001), 
and 25 months in the German control group ( p  = 0.005). Median overall survival 
was 110 months in the mitotane group, as compared with 52 months in the Italian 
control group ( p  = 0.01) and 67 months in the German control group ( p  = 0.1). 
Mitotane treatment had a signifi cant advantage for recurrence-free survival in mul-
tivariate analysis [ 62 ]. The median duration of treatment was 29 months. Twenty-
seven patients received 1–3 g/day and 20 patients received 3–5 g/day. Serum levels 
of mitotane were not assessed. Grade 3 gastrointestinal (nausea or vomiting or ele-
vated serum GGT) or neurologic events (confusion, ataxia, vertigo) were observed 
in 15 and 20 % of the patients, and all occurred in patients who received the higher- 
dose mitotane regimen. 

 Adjuvant mitotane is indicated in patients with high risk of recurrence; however 
the defi nition of high risk is not uniform. This controversial topic was discussed in 
2008 by an international panel of specialists for the treatment of patients with 
ACC. On these grounds, the panel unanimously stated that patients with potential 
residual disease (R1 or Rx resection) and/or Ki67 more than 10 % should be offered 
adjuvant mitotane, whereas adjuvant therapy was not considered mandatory in 
patients fulfi lling all of the following criteria: stage I or II disease (based on the new 
European Network for the Study of Adrenal Tumors), histologically proven R0 
resection, and Ki67 expressed in ≤10 % of neoplastic cells. The panel did not 
express a unanimous position with respect to whether or not patients with stage III 
ACC with R0 disease after surgery should receive adjuvant therapy in clinical rou-
tine [ 63 ]. Fassnacht et al. propose tumor size >8 cm and microscopic evidence of 
invasion of blood vessels or the tumor capsule as additional risk factors which 
require consideration of adjuvant therapy [ 4 ]. NCCN guidelines suggest that mito-
tane be “considered” (category 3 recommendation, with major disagreement that 
the intervention is appropriate) for all patients with resected low-grade or high- 
grade localized ACC regardless of stage or tumor size [ 52 ]. Intraoperative tumor 
spillage or fracture is also suggested by some authors as indication for adjuvant 
mitotane [ 64 ]. A large international randomized trial in 200 patients with low- to 
intermediate-risk resected disease [stage I to III, microscopically complete (R0) 
resection, Ki67 < 10 %] is currently ongoing (the ADIUVO trial, NCT00777244). 

 Response rates to single-agent mitotane in metastasized ACC are between 13 
and 31 %. Responses are mostly partial and generally short-lived [ 65 ]. However 
these were early studies, mitotane doses were suboptimal, and response evaluations 
were not up to date. Median survival was less than 1 year. The main benefi t of mito-
tane in patients with advanced disease is reduction in hypercortisolism symptoms. 
Mitotane is almost always administered in combination with cytotoxic chemother-
apy in metastatic disease given the higher response rates. 

 Side effects including anorexia, nausea, vomiting, and diarrhea are common and 
can limit adjuvant mitotane use as a long-term treatment. Also monitoring for the 
blood level of mitotane is essential for effective treatment. Mitotane treatment 
starts 1 g twice daily orally and the dose is escalated up to 10 g/day. Patients 
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 metabolize mitotane to different degrees. Optimum dose of the drug can be safely 
and accurately delivered by monitoring the blood levels. Therefore monitoring of 
plasma levels of mitotane is required, and a target serum level between 14 and 
20 mg/L should be achieved for obtaining optimal response and decreased toxic 
side effects [ 66 ]. 

 Use of mitotane routinely induces atrophy and/or steroidogenic inhibition of the 
normal adrenal glands, thereby necessitating replacement therapy for cortisol 
 defi ciency; the zona glomerulosa is more resistant to the adrenolytic effect of 
 mitotane, and aldosterone defi ciency may occur after several months of therapy. 
Monitoring of blood sodium, potassium, creatinine, and 24-h urinary free cortisol 
levels is mandatory to assess adrenal insuffi ciency. Higher doses than the routine 
maintenance can be needed to avoid adrenal insuffi ciency. If signs or symptoms of 
mineralocorticoid defi ciency (i.e., postural hypotension, hyperkalemia, etc.) 
develop, fl udrocortisone should be added. Patients should also be monitored for 
hypogonadism and hypothyroidism. The most common side effects are fatigue, 
nausea, vomiting, and anorexia, but skin rash, diarrhea, lethargy, sedation, confu-
sion, dizziness, ataxia, gynecomastia, arthralgias, leukopenia, prolonged bleeding 
time, hematuria, and reversible growth arrest in children also occur. Mitotane has 
signifi cant drug interactions and can reduce effi cacy of some calcium channel 
antagonists, opioids, benzodiazepines, macrolide-type antibiotics, and many other 
drugs [ 67 ]. 

 There is no evidence for the role of cytotoxic chemotherapy in the adjuvant 
 treatment of ACC. However, Fassnacht et al. from the German consortium suggest 
3 cycles of 90 mg/m 2  cisplatin in addition to mitotane in patients with Ki67 >30 % 
and a large tumor thrombus in the vena cava [ 68 ].   

23.9     Chemotherapy 

 Unfortunately recurrences are seen very often in ACC after complete surgical 
 resection with reported rates of 21–91 %. Recurrences are generally treated with 
chemotherapy–mitotane combination. Response rates of ACC to various chemo-
therapy agents are reported to be between 10 and 40 %. Chemotherapeutic agents 
should be used in combination rather than monotherapy as ACCs usually express 
multidrug resistance gene MDR-1 and develop resistance to chemotherapeutic 
agents over time. 

 Regarding the data in the literature, combination of mitotane with etoposide, 
doxorubicin, and cisplatin (m-EDP) and combination of mitotane with strepto-
zotocin [ 69 ,  70 ] are the two reasonable options for the management of patients 
with advanced ACC [ 71 ]. These two promising combinations were compared in 
the FIRM-ACT trial (which is still the only published randomized trial in ACC), 
results of which was published in 2013. A total of 304 patients were enrolled. 
Response rates were 23 % in the EDP–mitotane group versus 9 % in the strepto-
zocin–mitotane group ( p  < 0.001). The fi rst group had a 5-month progression-
free survival compared to 2 months for the streptozotocin–mitotane group 
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( p  < 0.001), and  overall survival was similar (14.8 vs 12 months,  p  = 0.07) [ 72 ]. 
Thus, evidence-based fi rst-line treatment of choice is m-EDP in advanced 
ACC. However, the  following comments were made by the investigators of this 
trial; as median PFS was 5 months and overall survival was 14.8 months, the 
outcome was actually poor. M-EDP regimen had similar activity in the second-
line treatment as it was in the fi rst line in previous studies. Therefore, patients 
with presumably less aggressive disease (slow tumor growth, long disease-free 
interval after initial surgery) might receive mitotane monotherapy in the fi rst line 
followed by combination  chemotherapy upon progression. Second, this patient 
group might also be good candidates for up-front experimental therapies as effi -
cacy of several drugs is  diminished once mitotane is used due to increased drug 
metabolism [ 68 ]. 

 Patients receiving mitotane with or without chemotherapy should be assessed at 
2-month intervals for tumor progression. Patients who show tumor regression or 
stable disease should be considered for surgical resection or continuation of therapy. 
Patients with progressive disease should consider other chemotherapy regimens or 
be enrolled in a clinical trial. There are currently no established second- or third-line 
chemotherapy regimens for systemic disease. However, there are phase II trials of 
gemcitabine plus capecitabine, and this combination has shown response rates as 
high as 46 %. Treated patients had stable disease for more than 4 months. This 
 combination might represent a promising second-/third-line regimen [ 73 ]. 

 Patients should be considered for clinical trials if they have progressive disease 
with conventional treatment.  

23.10     Radiotherapy 

 Radiotherapy is not routinely used in the treatment of ACC. Formerly ACC was 
considered radioresistant. However, recent retrospective data showed effi cacy of RT 
both in adjuvant and advanced setting, although no prospective randomized trials 
exist. Older radiotherapy techniques had higher toxicity because of the proximity of 
the adrenal bed to radiosensitive organs such as the kidney, liver, spinal cord, and 
small bowel [ 74 ]. Conformal radiotherapy techniques resulted in better effi cacy and 
less toxicity; nevertheless optimal dose delivery may not always be possible in 
every patient depending on anatomic extension of the tumor. 

 Adjuvant radiotherapy to tumor bed after surgical excision is a controversial 
issue in ACC. Fassnacht et al. reported outcomes of 14 patients from the German 
ACC registry who received adjuvant radiotherapy to the tumor bed with a matched 
control group of 14 patients who did not. Local recurrence was signifi cantly lower 
in the radiotherapy group, 14 % compared to 79 % in the control group. Disease- 
free and overall survival, however, were not signifi cantly different [ 75 ]. Sabolch 
et al. reported 4.7 times higher risk of local recurrence in patients with ACC who 
did not receive adjuvant RT, again with no difference in DFS or OS [ 76 ] compared 
to those who did. On the other hand, a recent report from MD Anderson Cancer 
Center showed no benefi t of adjuvant radiotherapy compared with surgery alone 
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[ 77 ]; however radiotherapy indications were not uniform, and RT was applied in 
various community centers in this study. 

 Guidelines proposed by the German ACC consortium recommend adjuvant 
radiotherapy within 3 months of surgery for patients with microscopically involved 
or indeterminate resection margins and stage III disease regardless of resection sta-
tus. In addition, radiotherapy should be considered for tumors greater than 8 cm, 
with a Ki-67 Index >10 % or invasion of adjacent vasculature [ 48 ]. 

 In patients with locally advanced disease not amenable to surgical resection, 
defi nitive radiotherapy represents an applicable option [ 76 ]. Radiotherapy has been 
shown to effectively palliate symptomatic bone, brain, and inferior vena cava dis-
ease [ 48 ,  76 ,  78 ]. 

 In conclusion, adjuvant RT in high-risk patients seems to reduce local recurrence 
rate without any improvement in DFS or OS. Defi nitive radiotherapy is an option in 
inoperable cases. Palliative radiotherapy may be used for symptomatic tumoral 
lesions.  

23.11     Radiofrequency Ablation 

 Percutaneous image-guided radiofrequency ablation (RFA) is a minimally invasive 
and reasonable method for unresectable localized disease. Previous studies have 
shown that RFA can produce local control of primary ACC particularly for tumors 
less than 50 mm in size and is anatomically suitable. Among 8 patients with 15 ACC 
primary or recurrences, RFA resulted in decrease in tumor size or loss of enhance-
ment on imaging in 53 % of patients. Smaller tumors had better response (<50 mm), 
with up to 67 % demonstrating complete ablation [ 79 ]. RFA, alone or in combina-
tion with surgical resection, may allow for better disease control in local and iso-
lated systemic recurrences. 

 RFA is not an effective method of treatment in tumors near blood vessels as the 
vessels act as a “coolant” while RF ablation. Bleeding, infection, and injury to adja-
cent organs can occur. With advancing technology and growing experience, RFA 
has the potential to have a role in treatment options of recurrent and/or unresectable 
ACC in selected patients [ 78 ,  80 ].  

23.12     Targeted Therapies 

 The results of studies with targeted therapies including antiangiogenic drugs, multi- 
tyrosine kinase inhibitors, and epidermal growth factor receptor inhibitors are 
largely disappointing. Epidermal growth factor receptor (EGFR) is highly expressed 
in ACC; however the combination of erlotinib and gemcitabine in salvage treatment 
showed limited activity with low response rates [ 81 ]. Vascular endothelial growth 
factor (VEGF) is upregulated in ACC tumor tissue, but bevacizumab plus 
capecitabine also failed to show any benefi t [ 82 ]. Although there are case reports of 
sustained clinical response with antiangiogenic drugs sunitinib or sorafenib, clinical 
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trials yielded disappointing results [ 83 ,  84 ]. Ineffi cacy of tyrosine kinase inhibitors 
in ACC may be secondary to signifi cant interaction with mitotane, given the very 
long half-life of mitotane. Therefore, clinical trials using these drugs in fi rst-line 
treatment (before mitotane) should be designed to overcome drug interaction. 

 Insulin-like growth factor 1 receptor (IGF-1R) is overexpressed commonly in 
ACC. A study of the oral tyrosine kinase inhibitor (OSI-906) which targets IGF-1R 
has shown promising results in phase I, with stabilization of disease seen in fi ve out 
of 16 patients [ 85 ]. An international phase III trial of OSI-906 in patients with ACC 
has been recently completed and results are awaited (NCT00924989). mTOR is a 
downstream signaling node for a number of receptor tyrosine kinases including 
IGF-1R [ 86 ]; Fraenkel et al. studied an mTOR inhibitor, everolimus, as a single 
agent in salvage treatment of ACC, but there was no response. Inhibition of mTOR 
alone possibly leads to compensatory activation of other pathways, and this may 
limit the use of everolimus as a single agent for the treatment of ACC [ 87 ]. In a 
recent phase I trial, combination of everolimus with an IGF-1R antibody cixutu-
mumab resulted in disease stabilization in 42 % of the patients for a minimum of 6 
months [ 88 ]. This type of combinations warrants further clinical research. 

 Steroidogenic factor 1 is a nuclear receptor expressed virtually by all ACCs, and 
in vitro studies using inverse agonists of this receptor showed activity against ACC 
cell lines [ 89 ]. Heat shock protein inhibitors and proteosome inhibitors are other 
agents with promising in vitro study results [ 68 ].  

    Conclusion 

 In recent years, major progress has been made in understanding the pathogenesis  
and treatment of ACC. Molecular profi ling studies in patients with ACC showed 
that ACC is a very heterogeneous disease. Exon-sequencing studies identifi ed 
recurrent alterations in known driver genes and in genes not previously reported 
in ACC [ 23 ]. Chemotherapy does not seem to work but still needs further trials 
mototan treatment adjuvantly and in metastatic disease shows promising results.  
However, overall prognosis is still poor. International collaboration is needed to 
design translational research and prospective clinical trials. New insights into the 
pathogenesis of ACC and identifi cation of potential “driver” pathways will high-
light the opportunity for more personalized treatment strategies in the future.     

   References 

    1.    Abecassis M, McLoughlin MJ, Langer B, Kudlow JE (1985) Serendipitous adrenal masses: 
prevalence, signifi cance, and management. Am J Surg 149(6):783–788  

   2.    Bovio S, Cataldi A, Reimondo G et al (2006) Prevalence of adrenal incidentaloma in a 
 contemporary computerized tomography series. J Endocrinol Invest 29(4):298–302  

    3.    Vassilopoulou-Sellin R, Schultz PN (2001) Adrenocortical carcinoma. Clinical outcome at the 
end of the 20th century. Cancer 92(5):1113–1121  

     4.    Fassnacht M, Libe R, Kroiss M, Allolio B (2011) Adrenocortical carcinoma: a clinician’s 
update. Nat Rev Endocrinol 7(6):323–335  

    5.    Allolio B, Fassnacht M (2006) Clinical review: adrenocortical carcinoma: clinical update. 
J Clin Endocrinol Metab 91(6):2027–2037  

B. Orhan et al.



415

      6.    Bilimoria KY, Shen WT, Elaraj D et al (2008) Adrenocortical carcinoma in the United States: 
treatment utilization and prognostic factors. Cancer 113(11):3130–3136  

     7.    Crucitti F, Bellantone R, Ferrante A, Boscherini M, Crucitti P (1996) The Italian Registry for 
Adrenal Cortical Carcinoma: analysis of a multi-institutional series of 129 patients. The ACC 
Italian Registry Study Group. Surgery 119(2):161–170  

    8.    Icard P, Goudet P, Charpenay C et al (2001) Adrenocortical carcinomas: surgical trends and 
results of a 253-patient series from the French Association of Endocrine Surgeons study group. 
World J Surg 25(7):891–897  

   9.    Kasperlik-Zaluska AA, Migdalska BM, Zgliczynski S, Makowska AM (1995) Adrenocortical 
carcinoma. A clinical study and treatment results of 52 patients. Cancer 75(10):2587–2591  

      10.   Busaidy NL, Habra MA, Sellin RV (2011) Endocrine malignancies. In: Kantarjian Hahop M, 
Wolf Robert A, Charles Koller A (eds) Manual of medical oncology, 2nd edn. MCGraw Hill,  
New York, USA, pp 1039–1076  

    11.    Kasperlik-Zeluska AA, Roslonowska E, Slowinska-Srzednicka J et al (1997) Incidentally dis-
covered adrenal mass (incidentaloma): investigation and management of 208 patients. Clin 
Endocrinol (Oxf) 46(1):29–37  

    12.    Henley DJ, van Heerden JA, Grant CS, Carney JA, Carpenter PC (1983) Adrenal cortical car-
cinoma–a continuing challenge. Surgery 94(6):926–931  

    13.    Luton JP, Cerdas S, Billaud L et al (1990) Clinical features of adrenocortical carcinoma, prog-
nostic factors, and the effect of mitotane therapy. N Engl J Med 322(17):1195–1201  

    14.    Herrmann LJ, Heinze B, Fassnacht M et al (2012) TP53 germline mutations in adult patients 
with adrenocortical carcinoma. J Clin Endocrinol Metab 97(3):E476–E485  

    15.    Raymond VM, Else T, Everett JN, Long JM, Gruber SB, Hammer GD (2013) Prevalence of 
germline TP53 mutations in a prospective series of unselected patients with adrenocortical 
carcinoma. J Clin Endocrinol Metab 98(1):E119–E125  

    16.    Gicquel C, Bertagna X, Gaston V et al (2001) Molecular markers and long-term recurrences in 
a large cohort of patients with sporadic adrenocortical tumors. Cancer Res 61(18):6762–6767  

      17.    Gicquel C, Bertagna X, Schneid H et al (1994) Rearrangements at the 11p15 locus and over-
expression of insulin-like growth factor-II gene in sporadic adrenocortical tumors. J Clin 
Endocrinol Metab 78(6):1444–1453  

     18.    de Fraipont F, El Atifi  M, Cherradi N et al (2005) Gene expression profi ling of human adreno-
cortical tumors using complementary deoxyribonucleic acid microarrays identifi es several 
candidate genes as markers of malignancy. J Clin Endocrinol Metab 90(3):1819–1829  

   19.    Giordano TJ, Thomas DG, Kuick R et al (2003) Distinct transcriptional profi les of adrenocorti-
cal tumors uncovered by DNA microarray analysis. Am J Pathol 162(2):521–531  

    20.    Slater EP, Diehl SM, Langer P et al (2006) Analysis by cDNA microarrays of gene expression 
patterns of human adrenocortical tumors. Eur J Endocrinol 154(4):587–598  

    21.    Boulle N, Logie A, Gicquel C, Perin L, Le Bouc Y (1998) Increased levels of insulin-like 
growth factor II (IGF-II) and IGF-binding protein-2 are associated with malignancy in spo-
radic adrenocortical tumors. J Clin Endocrinol Metab 83(5):1713–1720  

    22.    Gaujoux S, Grabar S, Fassnacht M et al (2011) β-catenin activation is associated with specifi c 
clinical and pathologic characteristics and a poor outcome in adrenocortical carcinoma. Clin 
Cancer Res 17(2):328–336  

     23.    Assie G, Letouze E, Fassnacht M et al (2014) Integrated genomic characterization of adreno-
cortical carcinoma. Nat Genet 46(6):607–612  

     24.    Gupta D, Shidham V, Holden J, Layfi eld L (2001) Value of topoisomerase II alpha, MIB-1, 
p53, E-cadherin, retinoblastoma gene protein product, and HER-2/neu immunohistochemical 
expression for the prediction of biologic behavior in adrenocortical neoplasms. Appl 
Immunohistochem Mol Morphol 9(3):215–221  

     25.    Schmitt A, Saremaslani P, Schmid S et al (2006) IGFII and MIB1 immunohistochemistry is 
helpful for the differentiation of benign from malignant adrenocortical tumours. Histopathology 
49(3):298–307  

     26.    Stojadinovic A, Brennan MF, Hoos A et al (2003) Adrenocortical adenoma and carcinoma: 
histopathological and molecular comparative analysis. Mod Pathol 16(8):742–751  

23 Diagnosis and Management of Adrenocortical Carcinomas



416

    27.    Volante M, Sperone P, Bollito E et al (2006) Matrix metalloproteinase type 2 expression in 
malignant adrenocortical tumors: diagnostic and prognostic signifi cance in a series of 50 
 adrenocortical carcinomas. Mod Pathol 19(12):1563–1569  

    28.    Kjellman M, Enberg U, Hoog A et al (1999) Gelatinase A and membrane-type 1 matrix 
 metalloproteinase mRNA: expressed in adrenocortical cancers but not in adenomas. World J 
Surg 23(3):237–242  

    29.    Kolomecki K, Stepien H, Bartos M, Kuzdak K (2001) Usefulness of VEGF, MMP-2, MMP-3 
and TIMP-2 serum level evaluation in patients with adrenal tumours. Endocr Regul 
35(1):9–16  

    30.    Fassnacht M, Allolio B (2009) Clinical management of adrenocortical carcinoma. Best Pract 
Res Clin Endocrinol Metab 23(2):273–289  

    31.    Arlt W, Biehl M, Taylor AE et al (2011) Urine steroid metabolomics as a biomarker tool for 
detecting malignancy in adrenal tumors. J Clin Endocrinol Metab 96(12):3775–3784  

     32.    Dackiw AP, Lee JE, Gagel RF, Evans DB (2001) Adrenal cortical carcinoma. World J Surg 
25(7):914–926  

     33.    Caoili EM, Korobkin M, Francis IR, Cohan RH, Dunnick NR (2000) Delayed enhanced CT of 
lipid-poor adrenal adenomas. AJR Am J Roentgenol 175(5):1411–1415  

   34.    Lee MJ, Hahn PF, Papanicolaou N et al (1991) Benign and malignant adrenal masses: CT 
distinction with attenuation coeffi cients, size, and observer analysis. Radiology 179(2):
415–418  

     35.    Pena CS, Boland GW, Hahn PF, Lee MJ, Mueller PR (2000) Characterization of indeterminate 
(lipid-poor) adrenal masses: use of washout characteristics at contrast-enhanced CT. Radiology 
217(3):798–802  

    36.    Boland GW, Dwamena BA, Jagtiani Sangwaiya M et al (2011) Characterization of adrenal 
masses by using FDG PET: a systematic review and meta-analysis of diagnostic test perfor-
mance. Radiology 259(1):117–126  

   37.    Boland GW, Goldberg MA, Lee MJ et al (1995) Indeterminate adrenal mass in patients with 
cancer: evaluation at PET with 2-[F-18]-fl uoro-2-deoxy-D-glucose. Radiology 194(1):
131–134  

    38.    Erasmus JJ, Patz EF Jr, McAdams HP et al (1997) Evaluation of adrenal masses in patients 
with bronchogenic carcinoma using 18F-fl uorodeoxyglucose positron emission tomography. 
AJR Am J Roentgenol 168(5):1357–1360  

      39.    Cote R, Suster S, Weiss L, Weidner N (eds) (2002) Modern surgical pathology (2 volume set). 
W B Saunders, London  

    40.    Soon PS, Gill AJ, Benn DE et al (2009) Microarray gene expression and immunohistochemis-
try analyses of adrenocortical tumors identify IGF2 and Ki-67 as useful in differentiating 
 carcinomas from adenomas. Endocr Relat Cancer 16(2):573–583  

    41.    Aubert S, Wacrenier A, Leroy X et al (2002) Weiss system revisited: a clinicopathologic and 
immunohistochemical study of 49 adrenocortical tumors. Am J Surg Pathol 26(12):
1612–1619  

    42.    Weiss LM (1984) Comparative histologic study of 43 metastasizing and non-metastasizing 
adrenocortical tumors. Am J Surg Pathol 8(3):163–169  

      43.    Macfarlane DA (1958) Cancer of the adrenal cortex; the natural history, prognosis and 
 treatment in a study of fi fty-fi ve cases. Ann R Coll Surg Engl 23(3):155–186  

     44.    Sullivan M, Boileau M, Hodges CV (1978) Adrenal cortical carcinoma. J Urol 120(6):
660–665  

     45.    Lee JE, Berger DH, el-Naggar AK et al (1995) Surgical management, DNA content, and 
patient survival in adrenal cortical carcinoma. Surgery 118(6):1090–1098  

    46.   Edge SB, Byrd DR, Compton CC et al (eds) (2010) In adrenal. AJCC cancer staging manual, 
7th edn. Springer, New York, pp 515–520  

    47.    Fassnacht M, Johanssen S, Quinkler M et al (2009) Limited prognostic value of the 2004 
International Union Against Cancer staging classifi cation for adrenocortical carcinoma: 
 proposal for a Revised TNM Classifi cation. Cancer 115(2):243–250  

B. Orhan et al.



417

      48.    Polat B, Fassnacht M, Pfreundner L et al (2009) Radiotherapy in adrenocortical carcinoma. 
Cancer 115(13):2816–2823  

    49.    Doppman JL, Reinig JW, Dwyer AJ et al (1987) Differentiation of adrenal masses by magnetic 
resonance imaging. Surgery 102(6):1018–1026  

    50.    Kopf D, Goretzki PE, Lehnert H (2001) Clinical management of malignant adrenal tumors. 
J Cancer Res Clin Oncol 127(3):143–155  

    51.    Shen WT, Sturgeon C, Duh QY (2005) From incidentaloma to adrenocortical carcinoma: the 
surgical management of adrenal tumors. J Surg Oncol 89(3):186–192  

     52.   Neuroendocrine tumors. NCCN Guidelines Version 2.2014. Accessed 22 Aug 22 2014  
    53.    Iino K, Oki Y, Sasano H (2000) A case of adrenocortical carcinoma associated with recurrence 

after laparoscopic surgery. Clin Endocrinol (Oxf) 53(2):243–248  
   54.    Schlamp A, Hallfeldt K, Mueller-Lisse U, Pfl uger T, Reincke M (2007) Recurrent adrenocorti-

cal carcinoma after laparoscopic resection. Nat Clin Pract Endocrinol Metab 3(2):191–195; 
quiz 1 p following 5  

   55.    Ushiyama T, Suzuki K, Kageyama S, Fujita K, Oki Y, Yoshimi T (1997) A case of Cushing’s 
syndrome due to adrenocortical carcinoma with recurrence 19 months after laparoscopic 
 adrenalectomy. J Urol 157(6):2239  

   56.    Gonzalez RJ, Shapiro S, Sarlis N et al (2005) Laparoscopic resection of adrenal cortical 
 carcinoma: a cautionary note. Surgery 138(6):1078–1085; discussion 85–86  

    57.    Miller BS, Ammori JB, Gauger PG, Broome JT, Hammer GD, Doherty GM (2010) 
Laparoscopic resection is inappropriate in patients with known or suspected adrenocortical 
carcinoma. World J Surg 34(6):1380–1385  

    58.    Brix D, Allolio B, Fenske W et al (2010) Laparoscopic versus open adrenalectomy for adreno-
cortical carcinoma: surgical and oncologic outcome in 152 patients. Eur Urol 58(4):609–615  

    59.    Terzolo M, Berruti A (2008) Adjunctive treatment of adrenocortical carcinoma. Curr Opin 
Endocrinol Diabetes Obes 15(3):221–226  

    60.    Schulick RD, Brennan MF (1999) Long-term survival after complete resection and repeat 
resection in patients with adrenocortical carcinoma. Ann Surg Oncol 6(8):719–726  

    61.    van Ditzhuijsen CI, van de Weijer R, Haak HR (2007) Adrenocortical carcinoma. Neth J Med 
65(2):55–60  

    62.    Terzolo M, Angeli A, Fassnacht M et al (2007) Adjuvant mitotane treatment for adrenocortical 
carcinoma. N Engl J Med 356(23):2372–2380  

    63.    Berruti A, Fassnacht M, Baudin E et al (2010) Adjuvant therapy in patients with adrenocortical 
carcinoma: a position of an international panel. J Clin Oncol 28(23):e401–e402; author reply e3  

    64.    Bourdeau I, MacKenzie-Feder J, Lacroix A (2013) Recent advances in adrenocortical 
 carcinoma in adults. Curr Opin Endocrinol Diabetes Obes 20(3):192–197  

    65.    Zini L, Porpiglia F, Fassnacht M (2011) Contemporary management of adrenocortical 
 carcinoma. Eur Urol 60(5):1055–1065  

    66.    Baudin E, Pellegriti G, Bonnay M et al (2001) Impact of monitoring plasma 
 1,1- dichlorodiphenildichloroethane (o, p'DDD) levels on the treatment of patients with 
 adrenocortical carcinoma. Cancer 92(6):1385–1392  

    67.    Kroiss M, Quinkler M, Lutz WK, Allolio B, Fassnacht M (2011) Drug interactions with 
 mitotane by induction of CYP3A4 metabolism in the clinical management of adrenocortical 
carcinoma. Clin Endocrinol (Oxf) 75(5):585–591  

      68.    Ronchi CL, Kroiss M, Sbiera S, Deutschbein T, Fassnacht M (2014) EJE prize 2014, current 
and evolving treatment options in adrenocortical carcinoma: where do we stand and where do 
we want to go? Eur J Endocrinol 171(1):R1–R11  

    69.    Berruti A, Terzolo M, Sperone P et al (2005) Etoposide, doxorubicin and cisplatin plus 
 mitotane in the treatment of advanced adrenocortical carcinoma: a large prospective phase II 
trial. Endocr Relat Cancer 12(3):657–666  

    70.    Khan TS, Imam H, Juhlin C et al (2000) Streptozocin and o, p'DDD in the treatment of 
 adrenocortical cancer patients: long-term survival in its adjuvant use. Ann Oncol 11(10):
1281–1287  

23 Diagnosis and Management of Adrenocortical Carcinomas



418

    71.    Schteingart DE, Doherty GM, Gauger PG et al (2005) Management of patients with adrenal 
cancer: recommendations of an international consensus conference. Endocr Relat Cancer 
12(3):667–680  

    72.    Fassnacht M, Terzolo M, Allolio B et al (2012) Combination chemotherapy in advanced 
 adrenocortical carcinoma. N Engl J Med 366(23):2189–2197  

    73.    Sperone P, Ferrero A, Daffara F et al (2010) Gemcitabine plus metronomic 5-fl uorouracil or 
capecitabine as a second-/third-line chemotherapy in advanced adrenocortical carcinoma: a 
multicenter phase II study. Endocr Relat Cancer 17(2):445–453  

    74.    Lebastchi AH, Kunstman JW, Carling T (2012) Adrenocortical carcinoma: current therapeutic 
state-of-the-art. J Oncol 2012:234726  

    75.    Fassnacht M, Hahner S, Polat B et al (2006) Effi cacy of adjuvant radiotherapy of the tumor 
bed on local recurrence of adrenocortical carcinoma. J Clin Endocrinol Metab 91(11):
4501–4504  

      76.    Sabolch A, Feng M, Griffi th K, Hammer G, Doherty G, Ben-Josef E (2011) Adjuvant and 
defi nitive radiotherapy for adrenocortical carcinoma. Int J Radiat Oncol Biol Phys 80(5):
1477–1484  

    77.    Habra MA, Ejaz S, Feng L et al (2013) A retrospective cohort analysis of the effi cacy of 
 adjuvant radiotherapy after primary surgical resection in patients with adrenocortical 
 carcinoma. J Clin Endocrinol Metab 98(1):192–197  

     78.    Glover AR, Ip JC, Zhao JT, Soon PS, Robinson BG, Sidhu SB (2013) Current management 
options for recurrent adrenocortical carcinoma. Onco Targets Ther 6:635–643  

    79.    Wood BJ, Abraham J, Hvizda JL, Alexander HR, Fojo T (2003) Radiofrequency ablation of 
adrenal tumors and adrenocortical carcinoma metastases. Cancer 97(3):554–560  

    80.    Datrice NM, Langan RC, Ripley RT et al (2012) Operative management for recurrent and 
metastatic adrenocortical carcinoma. J Surg Oncol 105(7):709–713  

    81.    Quinkler M, Hahner S, Wortmann S et al (2008) Treatment of advanced adrenocortical 
 carcinoma with erlotinib plus gemcitabine. J Clin Endocrinol Metab 93(6):2057–2062  

    82.    Wortmann S, Quinkler M, Ritter C et al (2010) Bevacizumab plus capecitabine as a salvage 
therapy in advanced adrenocortical carcinoma. Eur J Endocrinol 162(2):349–356  

    83.    Berruti A, Sperone P, Ferrero A et al (2012) Phase II study of weekly paclitaxel and sorafenib 
as second/third-line therapy in patients with adrenocortical carcinoma. Eur J Endocrinol 
166(3):451–458  

    84.    Kroiss M, Quinkler M, Johanssen S et al (2012) Sunitinib in refractory adrenocortical 
 carcinoma: a phase II, single-arm, open-label trial. J Clin Endocrinol Metab 97(10):
3495–3503  

    85.   Carden CP, Frentzas S, Langham M (2009) Preliminary activity in adrenocortical tumor (ACC) 
in phase I dose escalation study of intermittent oral dosing of OSI-906, a small-molecule 
insulin-like growth factor-1 receptor (IGF-1R) tyrosine kinase inhibitor in patients with 
advanced solid tumors. J Clin Oncol 27(15S):abstr 3544  

    86.    Memmott RM, Dennis PA (2009) Akt-dependent and -independent mechanisms of mTOR 
regulation in cancer. Cell Signal 21(5):656–664  

    87.    Fraenkel M, Gueorguiev M, Barak D, Salmon A, Grossman AB, Gross DJ (2013) Everolimus 
therapy for progressive adrenocortical cancer. Endocrine 44(1):187–192  

    88.    Naing A, Lorusso P, Fu S et al (2013) Insulin growth factor receptor (IGF-1R) antibody 
 cixutumumab combined with the mTOR inhibitor temsirolimus in patients with metastatic 
adrenocortical carcinoma. Br J Cancer 108(4):826–830  

    89.    Doghman M, Cazareth J, Douguet D, Madoux F, Hodder P, Lalli E (2009) Inhibition of 
 adrenocortical carcinoma cell proliferation by steroidogenic factor-1 inverse agonists. J Clin 
Endocrinol Metab 94(6):2178–2183  

       90.   Edge SB, Byrd DR, Compton CC et al (2010) AJCC Cancer Staging Manual: Adrenal. 7th ed. 
New York, NY: Springer, 2010, pp. 515–520    

B. Orhan et al.


	23: Diagnosis and Management of Adrenocortical Carcinomas
	23.1	 Introduction
	23.2	 Epidemiology
	23.3	 Pathogenesis
	23.4	 Clinical Presentation and Diagnosis
	23.5	 Pathology
	23.6	 Staging
	23.7	 Treatment
	23.7.1	 Surgical Resection

	23.8	 Systemic Therapy
	23.8.1	 Mitotane

	23.9	 Chemotherapy
	23.10	 Radiotherapy
	23.11	 Radiofrequency Ablation
	23.12	 Targeted Therapies
	 Conclusion
	References


