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A B S T R A C T 

Introduction 

 

Adrenocortical carcinoma is a rare and aggressive tumor with poor 

prognosis in part due to the advanced stage at diagnosis; patients 

typically present with large primary tumors (median size 13cm) 

involving surrounding organs and/or have associated metastatic disease 

[1]. Metastasis most commonly occur in the lymph nodes and liver and 

treatment is with systemic chemotherapy including cytotoxic agents 

(etoposide, doxorubicin, cisplatin - EDP) and/or mitotane [2]. Despite 

improvements in systemic treatment, median overall survival remains 

low (9 months) with the only potential for cure in well-selected patients 

in whom complete resection can be accomplished [1].  

 

For patients presenting with synchronous ACC and liver metastasis, 

resection can be limited by the ability to remove all disease; the primary 

Introduction: Adrenocortical carcinoma (ACC) is an aggressive tumor with high proportion of patients 

presenting with metastatic disease, most commonly in the liver. Prognosis in this population is extremely 

poor. Resection of the primary tumor and liver metastasis offers a survival benefit in well-selected patients. 

However, the extent of surgery is often significant and can limit the ability to accomplish a safe margin-

negative resection. 

Presentation of case: A 35-year-old male presented with a large left ACC (15.2cm) and multiple bilobar 

liver metastases (1.5-12.5cm). He was treated with mitotane and chemotherapy / immunotherapy, with 

excellent response. Multidisciplinary discussion led to recommendations for a curative-intent approach with 

surgery. A staged approach was performed for the resection, using a modified Mini-ALPPS technique. A 

complete margin-negative resection of all disease was accomplished. The patient recovered well and 

remains free of disease 24-months following diagnosis. 

Discussion: This case highlights novel components of treatment for metastatic ACC and for hepatectomy 

for bilobar liver metastasis. The decisions to proceed to surgery for complete resection and to use a staged 

approach with a modified Mini-ALPPS technique were both critical components to render the patient 

disease-free. Appropriate expertise and multidisciplinary teamwork are essential for implementation of 

these approaches. 

Conclusion: Neoadjuvant chemotherapy for stage IV ACC can result in disease control and improved 

selection of candidates for curative-intent surgery. In the setting of bilobar liver disease and a large primary 

in place, a modified Mini-ALPPS approach provides a safe and feasible way to accomplish complete 

resection and improved survival. 
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tumor is typically large and requires multi-visceral resection, and the 

liver metastases are commonly multifocal with a bilobar distribution [3]. 

Further, the remaining liver following surgery (future liver remnant - 

FLR) is typically small, increasing the risk of post-hepatectomy liver 

failure and death [4]. Staged hepatectomy has evolved as the standard of 

care for patients with bilobar liver metastasis and a small FLR; a first-

stage resection is performed removing tumor/s from one side of the liver 

(typically those in the FLR), followed by postoperative portal vein 

embolization, to induce liver hypertrophy of the FLR [4, 5]. 

Subsequently, a second-stage major hepatectomy is performed (4-6 

weeks later), of the contralateral lobe to accomplish complete resection. 

More recently, an alternative to this approach was introduced: 

Associating Liver Partition and Portal Vein Ligation for Staged 

hepatectomy (ALPPS) [6].  

 

This approach includes adding portal vein ligation and splitting the liver 

through the desired future resection plane, to the first stage, and 

completion major hepatectomy during the second stage. The described 

benefits of this approach include faster and potentially a more significant 

liver hypertrophy, which allows for a shorter time to second-stage 

(usually within 7-14 days), and has translated into higher rates of second-

stage completion (faster and more significant hypertrophy and lower 

rates of disease progression), although at the expense of higher 

postoperative morbidity and mortality [6].  

 

We present a case of a patient with large ACC and synchronous bilobar 

liver metastasis, having complete resection following response to 

immunotherapy, and using a modified Mini-ALPPS approach for 

primary tumor resection and extended hepatectomy, that provides a safer 

and equally effective strategy. The case is reported in compliance with 

the SCARE guidelines [7]. 

 

Presentation of Case 

 

A 35-year-old man was referred to our institution for work-up of a left 

adrenal mass and liver lesions found during work-up for acute onset of 

right abdominal pain. The patient denied clinical symptoms of Cushing’s 

Disease, hyperaldosteronism, pheochromcytoma or hyperandrogenism. 

Notably the patient had a strong history of alcohol use and possible 

cirrhosis. Physical exam was within normal limits. Laboratory work-up 

revealed a normal blood count, chemistry and liver function tests. 

Endocrine work-up revealed elevated ACTH (115pg/ml [ normal range 

7-69]), androstenedione 803 ng/mL (normal range 40-190), and 

dehydroepiandrosterone sulfate (588 ug/dl [normal range 120-520]). A 

contrast-enhanced multiphasic thoracoabdominal CT revealed a large 

15cm left adrenal mass with diaphragmatic, stomach and spleen 

involvement and 6 liver metastases involving the right lobe and segment 

4 of the left liver (ranging 1.8cm - 12cm) (Figure 1A & 1B). Liver biopsy 

confirmed adenocarcinoma with immunohistochemistry profile 

consistent with metastatic ACC (Negative: Glypican-3, Arginase, hep-

par-1, CK7, CK20, RCC, CD31, CEA, CD10, PAX-8 and Positive: 

CAM5.2, Mart-1 and Inhibin). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Pre-treatment (A-B) and post-chemotherapy (C-D) computed tomography (CT), illustrating significant response to therapy with decrease in size 

of the liver lesions (largest from 12cm to 6.8cm) and the primary tumor (from 15cm to 11cm). Note the primary tumor is in close proximity to the stomach, 

spleen and left diaphragm and the liver lesions have a bilobar distribution sparing only segments 2 and 3. 

 

With diagnosis of stage IV ACC (T3-4N0M1) treatment with mitotane 

and EDP-based regimen was initiated. The patient received 6 cycles with 

mixed response, leading to the decision of switching to nivolumab and 

mitotane (5 cycles), with excellent response characterized by decreased 

size of the primary tumor and the liver metastases (Figures 1 A- 1D). 

The patient’s case was discussed in the multidisciplinary tumor board 

with a recommendation to proceed with a curative-intent resection of 

both the primary tumor and the liver metastases. A thorough assessment 

of the tumor extension and the operation required was performed by the 

hepatobiliary and sarcoma/adrenal surgical teams. This included 3D-
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liver volumetric measurement of the FLR (segments 1-3) which was 

found to be 28% (Figure 2A). The operation was planned using a two-

stage approach with a modified Mini-ALPPS technique; in short, the 

patient had a preoperative percutaneous portal vein embolization of the 

right portal vein and segment 4 branches [day 0] (Figure 2B), followed 

by a first-stage operation: radical left adrenalectomy with en-bloc left 

diaphragmatic resection (sarcoma surgical team - RG) and a liver 

partition (linear hepatotomy) along the left lateral fissure (hepatobiliary 

surgical team - DAA) [day 1] (Figure 3A). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Imaging and 3D-liver volumetric analysis before and after portal vein embolization (PVE). 

2A) 3D-liver volumetry (CT) pre-PVE; 2B) Fluoroscopic image after completion of PVE of the right portal branches (horizontal arrow) and left segment 

4A and 4B portal branches (vertical arrow); 2C) CT scan after first-stage procedure, depicting the hepatotomy plane along the left lateral fissure and deep 

to the area of the segment 4 PVE coils; 2D) 3D-liver volumetry (CT) 10 days after PVE, illustrating the growth in the FLR. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Intraoperative photographs. 

3A) First-stage operation , illustrating the linear hepatotomy and antiadhesive barrier placement. Note the right liver is avoided and the area of future 

resection left with virgin planes for the second-stage procedure; 3B) Findings upon opening the abdomen during the second-stage. Note the hypertrophied 

left lateral section and the hepatotomy line previously created, guiding the line of transection; 3C-3D) Operative specimen (right trisectionectomy) after 

complete resection.
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The patient recovered well and was discharged on postoperative day 4 

[day 5]. During the postoperative visit a new CT with 3D-liver volumetry 

was performed which confirmed the adequate hepatotomy plane (Figure 

2C) and revealed a FLR hypertrophy to 42% (degree of hypertrophy 

=14%; relative hypertrophy = 51%; kinetic growth rate = 11%/week) 

(Figure 2D) [day 10]. The second-stage operation was performed: 

extended right hepatectomy [day 15] (Figures 3B- 3D). The patient 

recovered well and was discharged on postoperative day 4 [day 19]. 

Pathology confirmed diagnosis of ACC, low grade, with margin-

negative resection (pT3N0M1) of both the primary and liver metastasis. 

The patient is now 24 months after initial diagnosis and image reveals 

no evidence of disease (Figure 4). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Surveillance CT scan, 6 months following complete resection of the tumors. Note significant hypertrophy of the left lateral liver and no evidence 

of disease in the liver nor the left adrenal resection bed.  

 

Discussion 

 

Adrenocortical carcinoma is an extremely aggressive tumor when 

presenting with metastatic disease, with 5-year overall survival (OS) 

<10% [1]. The novelty of the case presented herein includes the critical 

role of systemic therapy and the use of a modified Mini-ALPPS 

approach, which played a key role in accomplishing adequate 

hypertrophy and ultimately leading to resection in a safe and expeditious 

manner.  

 

A number of studies have reported improved survival following surgical 

treatment of metastatic ACC. [8, 9] Although some have reported no 

prognostic significance of preoperative treatment, we feel that systemic 

chemotherapy is the first-line of treatment, and that response to therapy 

helps select patients with a more favorable biology and who may benefit 

from complete resection [9]. One trial demonstrated survival benefit for 

patients with borderline resectable tumors; 15 patients received 

preoperative chemotherapy and 13 (86%) underwent surgical resection 

and experienced a trend towards improved median disease-free survival 

(28.0 months vs. 13 months; p=ns) when compared to the surgery alone 

group [10]. Further, although studies evaluating the benefit of 

immunotherapy for ACC have been somewhat disappointing, some have 

reported modest responses in patients with metastatic ACC [11, 12]. 

Preoperative chemotherapy and possibly the addition of nivolumab in 

this patient’s treatment were pivotal to induce response to therapy, 

resulting in the potential for resection.  

 

Although liver resection is rarely possible, the benefit of hepatectomy 

for patients with ACC and liver metastasis has been well documented [3, 

13]. Results from a study using the German ACC registry found that 

median overall survival (OS) was significantly higher for patients having 

resection as compared to those not resected (76.1 months versus 10.1 

months; p<0.001). Despite inherent selection bias, others have published 

similar results for the same population [13]. Importantly, margin-

positive (R1-2) resections are common, ranging from 30-40%. In this 

case, complete resection was facilitated by inducing hypertrophy of the 

FLR which allowed transection away from the tumors while still 

preserving enough liver parenchyma. By using a Mini-ALPPS approach, 

in which only a linear hepatotomy rather than a complete liver partition 

is performed, the safety of the procedure is enhanced, and the risk of 

postoperative complications significantly reduced [14]. 

 

 Further, our modified technique starts with preoperative percutaneous 

portal vein embolization, replacing portal ligation and hilar dissection 

during the first stage, and as such further increasing the safety of the 

procedure, as well as efficacy; multiple studies have shown better 

hypertrophy with embolization over portal vein ligation approaches [15]. 

Notably, our modified Mini-ALPPS approach was considered with the 

specific goal to induce faster/higher hypertrophy and to reduce the period 

of time with active disease and without systemic therapy (completed 

resection and discharged home in 19 days). Lastly, although our 

modified Mini-ALPPS approach was not used for staged hepatectomy, 

it allowed us to stage two large and complex operations while inducing 

the necessary hypertrophy at the same time. This represents an important 

concept of the ALPPS technique when staged resections of primary and 

metastatic tumors may be more appropriate than combined procedures. 

Critical to this approach, however, is the context within high-volume 

centers where not only the surgical expertise is available, but also the 

multidisciplinary approach for medical treatment of cancer and 

perioperative care, both being optimized through systematic 

standardized protocols that can still allow for individualized approaches, 

as needed. 

 

Conclusions 

 

Despite poor prognosis in patients with ACC and liver metastasis, 

treatment with novel systemic agents including EDB-based regimens, 

mitotane and immunotherapy can result in meaningful responses and 

help select patients with a more favorable biology who may benefit from 

complete resection. The extent of surgery is often significant and further 

limited by small future liver remnant after hepatectomy. The modified 
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Mini-ALPPS approach, described in this manuscript, is a reasonable 

alternative that provides a way to stage two complex resections, induce 

fast and significant liver hypertrophy, reduce risk of complications and 

ultimately result in an overall safer and efficient approach for complete 

curative-intent resection of aggressive malignancies. 
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Highlights 

 

• Well-selected patients with ACC liver metastasis can benefit from 

surgery. 

• Chemotherapy prior to surgery contributes to improved patient 

selection. 

• Bilobar liver metastasis can be resected using staged approaches. 

• ALPPS is a feasible surgical approach to initially unresectable liver 

tumors. 

• Modified Mini-ALPPS is safe and effective for bilobar liver 

metastasis. 
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