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Abstract
Adrenocortical carcinoma (ACC) is a rare malignancy 
with generally poor outcomes and limited treatment 
options. While surgical resection can be curative for 
early local disease, most patients present with advanced 
ACC owing to nonspecific symptoms. For those patients, 
treatment options include systemic chemotherapy 
and locoregional therapies including radiofrequency 
ablation and transarterial chemoembolization. We 
present the first reported case of utilizing yttrium-90 
microsphere selective internal radiation therapy (SIRT) 
in combination with first line EDP-M (Etoposide, 
Doxorubicin, Cisplatin, Mitotane) chemotherapy and 
debulking surgical primary tumor resection for treat
ment of metastatic ACC. Stable complete radiologic 
response has been maintained after twelve months with 
resolution of clinical symptoms. These findings prompt 
the need for further consideration and studies to 
elucidate the role of SIRT in combination with systemic 
and surgical treatment for metastatic ACC.
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Core tip: Adrenocortical carcinoma (ACC) is a rare 
malignancy with generally poor outcomes and limited 
treatment options. Approximately 70% of ACC patients 
have unresectable stage Ⅲ or Ⅳ disease on initial 
presentation. Yttrium-90 microsphere selective internal 
radiation therapy was applied toward hepatic metastases 
for a patient with metastatic ACC in combination with 
first line chemotherapy and debulking surgical primary 
tumor resection. A stable complete radiologic response 
has been maintained for twelve months with resolution 
of clinical symptoms.

Makary MS, Krishner LS, Wuthrick EJ, Bloomston MP, Dowell 
JD. Yttrium-90 microsphere selective internal radiation therapy 
for liver metastases following systemic chemotherapy and 
surgical resection for metastatic adrenocortical carcinoma. World 
J Clin Oncol 2018; 9(1): 20-25  Available from: URL: http://
www.wjgnet.com/2218-4333/full/v9/i1/20.htm  DOI: http://
dx.doi.org/10.5306/wjco.v9.i1.20

INTRODUCTION
Adrenocortical carcinoma (ACC) is a rare malignancy that 
constitutes less than 5% of all adrenal incidentalomas 
and has an estimated annual incidence of 1-2 cases per 
million people[1-3]. ACC carries a poor prognosis with 
an overall 5-year survival of 16%-44%[4-6]. Surgical 
resection is the treatment of choice with those presenting 
with only local disease. However, most patients present 
with advanced disease and are not surgical candidates, 
and 80% of even those patients with local disease 
treated surgically develop local or distant recurrence 
following complete resection[7]. Indeed, given the 
nonspecific ACC symptoms, approximately 70% of ACC 
patients have unresectable stage Ⅲ or Ⅳ disease on 
initial presentation[8]. In those cases, treatment options 
include mitotane, systemic chemotherapy, external beam 
radiotherapy, radiofrequency ablation (RFA), transarterial 
chemoembolization (TACE), or a combination of these 
therapies. In this case study, we present a complete 
radiologic and clinical response to yttrium-90 (Y-90) 
microsphere selective internal radiation therapy (SIRT) 
treatment of hepatic metastases in conjunction with 
surgery and chemotherapy for treatment of a patient 
with advanced disease. A critical review of the current 
therapies and treatment strategies is also presented.

CASE REPORT
A 60-year-old female patient with a past medical history 
significant only for poorly controlled hypertension despite 

medical therapy presented with a large left adrenal 
mass incidentally discovered on MRA during workup for 
renal artery stenosis. Abdominal MR imaging revealed 
a heterogeneous, partially necrotic left adrenal mass 
measuring 5.6 cm × 8.9 cm as well as multiple bilobar 
enhancing liver metastases. Histologic (Figure 1A) and 
immunologic evaluation of a biopsied hepatic lesion 
showed metastatic carcinoma positive for inhibin (Figure 
1B), melan-A (Figure 1C), and CKAE1/3 (Figure 1D) 
with an immunohistochemical staining profile consistent 
with metastatic ACC. Serology values revealed normal 
urine cortisol [14.1 mcg/24 h (normal range: 3-22)], low 
adrenocorticotropic hormone (ACTH) [5.1 pg/mL (normal 
range: 9-50)], normal plasma metanephrines [0.20 
nmol/L (normal range < 0.50)] and high aldosterone 
[38.8 ng/dL (normal range: 1-16)].

The Berruti chemotherapy regimen of Etoposide, 
Doxorubicin and Cisplatin plus Mitotane (EDP-M) was 
immediately initiated[9] for a total of five 28-d cycles. 
Subsequent abdominal MRI and PET/CT evaluation 
demonstrated overall improvement in metastatic 
disease burden with interval decrease in size of the left 
adrenal mass. Given the response to chemotherapy and 
following a multidisciplinary tumor board discussion, 
decision was made to pursue an open adrenalectomy 
debulking surgery two months following chemotherapy 
completion to reduce the hormonal load for clinical 
symptomatic control. Intraoperatively, the entire adrenal 
mass was resected en bloc without difficulty. Adjacent 
paraaortic, omental, peripancreatic thickened pearly 
lymph nodes were resected with a clear periadrenal 
margin obtained. The adrenal vein and artery were 
identified with no tumoral involvement visualized. The 
patient had an uneventful post-operative hospital course 
and was discharged in 5 d in stable condition.

Additionally, to further control the bilobar liver 
metastases, decision was made to undergo two lobar 
Y-90 treatments using Y-90 TheraSphere microspheres 
(BTG, London, United Kingdom). The patient was 
evaluated for radioembolization with selective hepatic 
arteriography (Figure 2). Arterial administration of 
4.1 mCi of 99mTc-MAA (Drax Image MAA kit; 99.7% 
purity) in the proper hepatic artery demonstrated a 
hepatopulmonary shunt of 0.8% on planar scintigraphy 
and SPECT, which is within acceptable range (< 10%). 
Additional pretreatment planning included evaluation 
with an abdominal CTA which revealed no variant 
vascular anatomy (Figure 2A). Based on imaging, 
estimated right hepatic lobe volume of 1339 ml and left 
hepatic lobe volume of 409 ml were used to calculate 
the radioactivity required to deliver a desired dose of 
120 Gy to each lobe (Figure 2B). Patient underwent 
treatment of the right hepatic lobe (Figure 2C) followed 
by the left lobe within a month. Post-treatments, she 
tolerated the procedures well with low-grade fevers 
lasting for 24 h and intermittent right upper quadrant 
pain, both of which are common and expected following 
this treatment, which resolved within 2-3 wk. 
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The patient tolerated the treatment well, experienced 
a drop in aldosterone levels (2.8 ng/dL), and has been 
normotensive and off of antihypertensive medication 
following intervention. Post Y-90 therapy imaging at 1 
year revealed significantly smaller and less numerous 
hepatic lesions (Figure 3). Additionally, no mass was 
identified in the adrenal resection. Patient is currently 
in observation with periodic surveillance imaging and 
serology.

DISCUSSION
ACC is a rare malignancy but is highly lethal with limited 
treatment options. Given its rarity, ACC is difficult 
to study with most studies being retrospective case 
series with several key randomized trials[9-11]. In a large 
landmark Phase Ⅱ trial by Berruti et al[9] in 2005, the 
combination of etoposide, doxorubicin and cisplatin 
plus mitotane (EDP-M) in the treatment of advanced 
adrenocortical carcinoma demonstrated an overall 
response rate of 49%, a median time to progression of 
9.1 mo, and an overall survival of 28.5 mo in a cohort 
of 72 patients[9]. A previous study by Khan et al[10] in 
2000 reported an overall response rate of 36% and a 
2- and 5-year survival of 70% and 33%, respectively, 
with mitotane plus streptozotocin (M-S). In the First 
International Randomized trial in locally advanced and 
Metastatic Adrenocortical Carcinoma Treatment (FIRM-
ACT) in 2012 of 304 patients, there was no significance 

difference in the overall survival between EDP-M vs M-S 
(14.8 mo and 12.0 mo, respectively, P = 0.07), but 
the response rates (23.2% vs 9.2%, P < 0.001) and 
progression-free survival (5.0 mo vs 2.1 mo, P < 0.001) 
were significantly better with EDP-M[11].

In addition to systemic chemotherapy, surgical 
resection and local treatment modalities such as RFA 
and TACE are key palliative treatment options. While 
adrenalectomy for local ACC disease can be curable 
and is first line therapy, surgical debulking is also often 
performed, as done here, in the setting of advanced 
metastatic disease for control of hormone excess[12]. 
RFA has been also used in addition to surgery or as an 
alternative to surgery to reduce tumor burden. TACE 
has been utilized previously to treat liver metastases, 
although its efficacy has not been assessed specifically 
for ACC in clinical trials. ACC patients have been 
rendered disease free following hepatic RFA treatment 
in retrospective studies, but RFA has limited efficacy 
in patients with bilobar and multiple lesions as in our 
patient, highly vascularized metastases, or metastases 
in proximity to large vessels due to the heat-sink 
effect[13,14]. In these patients, TACE, or the local intra-
arterial delivery of chemotherapy to liver lesions with 
embolic agents, has been performed. Limited evaluation 
of TACE in the ACC literature demonstrates a partial 
response in 21% of patients and stabilization in 62%[15].

In our case, we chose to pursue Y-90 SIRT for bilobar 
liver disease in a patient with metastatic ACC with the 
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Figure 1  Tissue histopathology of a hepatic lesion confirms metastatic adrenocortical carcinoma. Hematoxylin and eosin (HE) staining (A) at 200 × 
magnification of tissue from the hepatic mass shows diffuse infiltrating cords of cells with hyperchromasia, eosinophilic cytoplasm, and a mild degree of nuclear 
pleomorphism in a background of myxoid stroma. Additional positive immunostaining with inhibin (B) and melan-A (C) at 40 × magnification as well as CKAE1/3 (D) at 
100 × magnification confirms the diagnosis as adrenocortical carcinoma.

Makary MS et al . Yttrium-90 for adrenocortical carcinoma
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hopes of improving upon the outcomes previously seen 
with TACE. The benefit of Y-90 over TACE is that it can 
be delivered in an outpatient setting rather than the 
inpatient setting as reported previously for ACC, which 
offers convenience for the patients and is potentially 
more cost-effective[16]. While Y-90 radioembolization 
has been primarily studied as a locoregional therapy 
for hepatic metastases from colorectal carcinoma or 
for multifocal hepatocellular carcinoma, we present its 
first successful utility when coupled with surgery and 
systemic chemotherapy to treat a patient with advanced 
ACC. Indeed, following a single session to each hepatic 
lobe, this patient has continued to demonstrate a positive 
radiologic and clinical response twelve months following 
treatment. Similar positive outcomes were observed by 

Hendlisz et al[17] in a Phase Ⅲ trial comparing fluorouracil 
infusion alone or combined with Y-90 radioembolization 
for metastatic colorectal cancer to the liver, which 
revealed a longer time to progression in the Y-90 arm (5.5 
mo vs 2.1 mo, P = 0.003). Cosimelli et al[18] reported the 
results of Phase Ⅱ trial showing that radioembolization 
alone produced meaningful response and disease 
stabilization in patients with advanced, unresectable and 
chemorefractory metastatic CRC[18]. Our findings prompt 
further investigation through similar trials for patients 
with advanced ACC.

In conclusion, this case study presents the successful 
treatment of metastatic ACC by combining Y-90 
locoregional therapy for bilobar liver disease with first 
line EDP-M chemotherapy and debulking surgery. This 

Figure 2  Yttrium-90 planning and radioembolization for treatment of liver metastases from adrenocortical carcinoma. A: Representative coronal CT 
abdomen image obtained prior to locoregional therapy shows low density lesions within the liver (arrow) consistent with metastatic disease; B: Three-dimensional 
reconstructions of the liver used for Yttrium-90 dose calculations revealed a proposed treatment volume of 409 mL for the left hepatic lobe (green colored, arrow) and 
1339 mL for the right hepatic lobe (yellow colored, arrowhead) for a total hepatic volume of 1749 mL; C: Digitally subtracted contrast angiography reveals numerous 
hypervascular metastases within the right and left hepatic lobes (representative right hepatic lobe lesion demarked by arrow). 
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strategy allowed for disease management for at least 
12 mo following a single outpatient Y-90 treatment for 
each hepatic lobe rather than the repeated inpatient 
treatments required previously through TACE with possibly 
superior results. Future prospective trials are needed to 
further elucidate the role of Y-90 radioembolization for 
treatment of advanced ACC.

ARTICLE HIGHLIGHT
Case characteristics
A 60-year-old female patient with a past medical history significant only for 
poorly controlled hypertension despite medical therapy presented with a large 
left adrenal mass incidentally discovered on MRA during workup for renal artery 
stenosis.

Clinical diagnosis
The clinical examination of the patient revealed elevated blood pressure and 
abdominal pain.

Differential diagnosis
The differential diagnosis includes renal artery stenosis, adrenal pheno
chromcytoma, adrenocortical carcinoma, hyperaldosteronism, and hyper
thyroidism.

Laboratory diagnosis
Serology values revealed normal urine cortisol [14.1 mcg/24 h (normal range: 
3-22)], low adrenocorticotropic hormone (ACTH) [5.1 pg/mL (normal range: 
9-50)], normal plasma metanephrines [0.20 nmol/L (normal range < 0.50)] and 
high aldoesterone [38.8 ng/dL (normal range: 1-16)].

Imaging diagnosis
Abdominal MR imaging revealed a heterogeneous, partially necrotic left adrenal 
mass measuring 5.6 cm × 8.9 cm as well as multiple bilobar enhancing liver 
metastases. 

Pathological diagnosis
Histologic and immunologic evaluation of a biopsied hepatic lesion showed 
metastatic carcinoma positive for inhibin, melan-A, and CKAE1/3 with an 
immunohistochemical staining profile consistent with metastatic adrenocortical 
carcinoma.

Treatment
We present the first reported case of utilizing yttrium-90 microsphere selective 
internal radiation therapy (SIRT) in combination with first line EDP-M (Etoposide, 
Doxorubicin, Cisplatin, Mitotane) chemotherapy and debulking surgical primary 
tumor resection for treatment of metastatic adrenocortical carincoma.

Related reports
While surgical resection can be curative for early local disease, most patients 
present with advanced ACC owing to nonspecific symptoms. For those patients, 
previous reports studied treatment options including systemic chemotherapy 
and locoregional therapies including radiofrequency ablation and transarterial 
chemoembolization. 

Term explanation 
Adrenocortical carcinoma (ACC) is a rare malignancy that constitutes less than 
5% of all adrenal incidentalomas and has an estimated annual incidence of 
1-2 cases per million people. EDP-M (etoposide, doxorubicin and cisplatin plus 
mitotane) is first line chemotherapy for advanced adrenocortical carcinoma 
demonstrating an overall response rate of 49%, a median time to progression 
of 9.1 mo, and an overall survival of 28.5 mo in prior studies.

A

C

B

D

Figure 3  Hepatic metastases from adrenocortical carcinoma respond to Yttrium-90 radioembolization. Index hepatic lesions within the left hepatic lobe (A) 
and right hepatic lobe (C) demarked by arrows demonstrate significant reduction in size and perfusion one year following single dose treatment (B and D, respectively, 
arrows) by catheter-directed Yttrium-90 impregnated microspheres.
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Experiences and lessons
This case study presents the successful treatment of metastatic ACC by 
combining Y-90 locoregional therapy for bilobar liver disease with first line 
EDP-M chemotherapy and debulking surgery. This strategy allowed for disease 
management for at least 12 mo following a single outpatient Y-90 treatment 
for each hepatic lobe rather than the repeated inpatient treatments required 
previously through TACE with possibly superior results.
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