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Abstract
Objective  This study aims to investigate early oncologic outcomes in patients with adrenocortical carcinoma (ACC) with 
venous invasion (VI) treated using both open and mini-invasive approaches.
Patients and materials  We conducted a retrospective analysis of 4 international referral center databases, including all the 
patients undergoing adrenalectomy for ACC with VI from January 2007 to March 2020. According to CT scan or MRI, the 
tumor thrombus was classified into four levels: (1) adrenal vein invasion; (2) renal vein invasion; (3) infra-hepatic Inferior 
vena cava (IVC); and (4) retro-hepatic IVC. In addition, we divided our patients into patients who had undergone open 
surgery and mini-invasive surgery.
Results  We identified 20 patients with a median follow-up of 12 months. The median tumor size was 110mm. ENSAT stage 
was II in 4 patients, III in 13 patients, and IV in 3 patients. Tumor thrombus extended in the adrenal vein (n=5), renal vein 
(n=1), infra-hepatic IVC (n=9), or into the retro-hepatic IVC (n=5). Ten patients were treated with a mini-invasive approach. 
The patient treated with an open approach reported a more aggressive disease. The two groups did not differ in surgical mar-
gins, surgical time, blood losses, complications, and length of stay. The prognosis resulted worse in the patient undergoing 
open. Kaplan–Meier analysis indicated a difference in OS for the patients stratified by ENSAT stage (Log-rank p=0.011); 
we also reported a difference in DFS for patients stratified for thrombus extension (p=0.004) and ENSAT stage (p<0.001).
Conclusion  The DFS of patients with VI from ACC is influenced by the staging and the extension of the venous invasion; 
the staging influences the OS. The mini-invasive approach seems feasible in selected patients; however, further studies 
investigating the oncological outcomes are needed.
Patient summary  A mini-invasive approach for adrenal tumors with venous invasion is an explorable option in very selected 
patients.
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Introduction

Adrenocortical carcinoma (ACC) is a rare disease combined 
with a poor prognosis [1]. The increasing use of abdominal 
imaging decreases the percentage of metastatic tumors at 
the diagnosis to 25% [2]; the lesions are often extensive with 
possible extension into the venous system; controversially, 
the invasion of the venous system by the tumor is not well 
described, and only four case series are available [3–6].

The feasibility and the safety of ACC resection and venous 
tumor thrombectomy are poorly described, and its oncologi-
cal outcomes have yet to be investigated. However, in recent 
years mini-invasive indications for ACC have been extended 
in referral centers, overtaking the 6-cm limit [7]. Simultane-
ously, a significant step has been made in the surgical manage-
ment of locally advanced renal tumors with tumor thrombus, 
allowing a mini-invasive approach in IVC thrombus [8] and 
when the tumor infiltrates the vein walls [9].

Therefore, the current study aims to investigate early 
oncologic outcomes in patients with ACC with venous 
invasion and verify the feasibility and safety of a mini-
mally invasive approach versus traditional open surgery 
in this rare clinical presentation.

Patients and methods

Patient selection and group formation

To identify the patients for this study, we conducted a ret-
rospective analysis of the prospectively maintained insti-
tutional databases from four international referral cent-
ers for adrenal surgery (Chinese PLA General Hospital, 
Beijing; San Luigi Gonzaga Hospital, Orbassano; Peking 
University Third Hospital, Beijing; Ospedale Policlinico 
San Martino, Genova). We selected histologically proven 
ACC with tumor thrombus invasion undergone surgical 
treatment between January 2007 and March 2020.

All the centers involved have at least a dedicated radiol-
ogist and an expert pathologist in adrenal malignancy. The 
surgical approach choice was based on the patient’s clini-
cal and oncological characteristics and the single-center 
surgical experience. All the patients performed at least a 
total-body axial imaging exam within the first 6 months 
after the surgery. The absence of a proper follow-up was 
the only exclusion criterion from the study.

The following parameters of each case were collected:

–	 Patients’ baseline characteristics: age, gender, race, body 
mass index (BMI), and comorbidities profile, including 
diabetes mellitus and hypertension. A detailed hormonal 

workup was performed for each patient, including aldos-
terone, cortisol, and plasmatic catecholamines.

–	 Oncological and pathology characteristics: side, size, 
stage according to tumor–node–metastasis (TNM) clas-
sification and European Network for the Study of Adrenal 
Tumors (ENSAT) staging system [10]. According to the 
co-axial imaging performed during the preoperative tests 
(contrast-enhanced computer tomography (CT) or mag-
netic resonance imaging (MRI), we classified the tumor 
thrombus invasion into four levels: level 1, thrombus 
reach the main adrenal vein; level 2, thrombus reach the 
renal vein; level 3, thrombus inside the infra-hepatic Infe-
rior vena cava (IVC); and level 4, tumor thrombus reach 
the retro-hepatic IVC (Fig. 1). We also evaluated margin 
status and adjacent organ invasion.

–	 Perioperative variables: surgical approach (open, laparo-
scopic, or robot-assisted laparoscopic surgery; transperi-
toneal vs. retroperitoneal approach), operative time, esti-
mated blood losses (EBL), intraoperative complications, 
conversions to a different approach, concurrent ipsilat-
eral nephrectomy, postoperative complication (classified 
according to the modified Clavien–Dindo classification) 
[11], and length of stay.

–	 Follow-up data: adjuvant chemotherapy administration, 
length of follow-up, tumor recurrence, tumor metastasis, 
disease-free survival (DFS), and overall survival (OS).

We divided patients into two groups: patients who under-
went open surgery and a mini-invasive approach (both lapa-
roscopic and robotic surgery).

Minimal invasive surgical technique

Robotic approach for level III thrombi  Patients were posi-
tioned in the left lateral decubitus position. In this position, 
right adrenalectomy and thrombectomy can be performed.

Four robotic and two or three assistant ports were used 
and positioned as described for inferior vena cava thrombec-
tomy [12]. After the hepatocolic ligament incision, the assis-
tant retracted the liver cephalically. The ascending colon 
was reflected medially, and the IVC was exposed. Then the 
ventral surfaces of the right and left renal veins were iso-
lated. The IVC was dissected above and below the insertion 
of the renal and adrenal veins. The right adrenal vein was 
also isolated. The left renal vein was dissected circumfer-
entially in the interaortocaval space. Cross-clamping of the 
IVC was performed by vessel loops. The right adrenal and 
renal veins are closed using an Endo GIA device. The caudal 
IVC, the left renal vein, and the cephalic IVC were sequen-
tially clamped. After clamping, the IVC wall was open, and 
the thrombus was removed. The thrombus was placed in an 
endoscopic bag to avoid tumor dissemination. After the IVC 
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lumen was irrigated with heparinized saline, a 5-0 polypro-
pylene suture was used to close the IVC.

Right adrenalectomy and nephrectomy were completed in 
a transperitoneal fashion in the same position.

For left-side disease, after thrombectomy, the operative 
room staff converted the patient’s position to a right lateral 
decubitus position to perform the left adrenalectomy and 
nephrectomy.

Robotic approach for level IV thrombi  For retro-hepatic 
thrombi, complete liver mobilization is needed. After the 
robot docking, the perihepatic ligaments were resected, 
including the round and falciform ligaments and the right 
and left triangular and coronary ligaments. Additional 
hepatic veins were ligated. Both the right and left liver lobes 
were mobilized away from the IVC. Vessel tourniquets were 
placed in the sovra-hepatic and infra-diaphragmatic IVC 
above the thrombus under intraoperative ultrasound guid-
ance. In this fashion, the surgeon could achieve control of 
retro-hepatic and IVC.

Statistical analysis

Continuous variables were reported using medians and 
interquartile ranges (IQR). Frequencies and proportions 
were used for categorical variables. A Kaplan–Meier plot 
was used to describe the DFS between the groups, and the 
log-rank test was used to test the effect of the variables of 

interest (ENSAT Stage and Thrombus extension). All the 
statistical analyses were performed using SPSS v.23 (IBM 
Corp., Armonk, NY, USA), and significance was considered 
for two-tailed p < 0.05.

Results

Twenty patients who underwent adrenalectomy for ACC 
with venous invasion were included in the study. During the 
study period, other 281 ACC without venous invasion were 
treated. Patients’ baseline characteristics are reported in 
Table 1. The median age was 51 years (IQR= 28–58). Nine 
patients (45%) presented a right-side disease. The median 
tumor size was 110 mm (IQR= 78–137). ENSAT stage was 
classified as II in 4 patients, III in 13 patients, and IV in 3 
patients. Tumor thrombus extended in the adrenal vein in 5 
patients, in the renal vein in one, in the infra-hepatic IVC in 
9, and into the retro-hepatic IVC in five.

Ten patients were treated with a mini-invasive approach 
(5 robotic-assisted and five laparoscopic); consequently, 
ten underwent open surgery. All the patients treated with 
open surgery underwent transperitoneal surgery. In the mini-
invasive group, four patients (40%) were treated with the 
retroperitoneal approach while six (60%) with the transperi-
toneal approach. The characteristics and results of the two 
groups are summarized in Table 2. Briefly, the two groups 
did not differ in the demographic characteristics except for 

Fig. 1   The tumor thrombus 
classification proposed: level 1, 
thrombus reach the main adre-
nal vein; level 2, thrombus reach 
the renal vein; level 3, thrombus 
inside the infra-hepatic Inferior 
vena cava [IVC]; and level 4, 
tumor thrombus reach the retro-
hepatic IVC
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Asian ethnicity (3 in open approach vs. 9 in mini-invasive). 
However, patients treated with an open approach presented 
a more aggressive disease with significant differences in the 
T stage, ENSAT stage, and thrombus extension.

Surgical outcomes

We reported similar outcomes regarding surgical margins, oper-
ating times, blood losses, and intraoperative transfusion require-
ments. The post-operatory complications rate was similar in 
the two groups. However, we reported a grade III complication 
(bleeding from the resection bed treated with surgical explora-
tion) in the open group, while none were in the mini-invasive 
group. No postoperative complications regarding IVC patency 
have been reported. We found a trend toward the shorter length 
of stay in the minimally invasive group; however, it did not reach 
statistical significance (7 vs. 9 days).

Oncological outcomes

The median follow-up was similar in the two groups (11 
months in open vs. 14 months in MI). An equal rate of 
patients (60%) underwent mitotane-based chemotherapy 
after the surgery in both groups. However, according to 
the more aggressive disease, the prognosis was worse in 
the patient undergoing an open approach: no patients were 
found disease-free at the last follow-up time, while six died 
from the disease (60%). In the mini-invasive patients, six 
patients (60%) were disease-free, one (10%) with local 
recurrence and one (10%) with distant metastasis, and two 
(20%) patients died of ACC progression.

Kaplan–Meier analyses have shown significant difference 
in OS for patients stratified by ENSAT stage (log-rank p = 
0.011) (Fig. 2A) but not for thrombus extension (p = 0.063) 
(Fig. 2B). We reported a difference in DFS for patient strati-
fied for thrombus extension (p=0.004) and ENSAT stage 
(p<0.001) (Fig. 2C and D).

Discussion

In this multicentric study, we compared the outcomes of 
patients with ACC with venous tumor thrombus extension 
treated with open surgery or a minimally invasive approach. 
We did not report differences in intraoperative and postop-
erative outcomes. However, mini-invasive surgery patients 
had favorable oncological features and reported better out-
comes during the follow-up.

ACC is a rare malignancy with an estimated incidence 
of 0.72 cases/per million inhabitants, causing 0.2% of the 
cancer-related deaths in the USA [13]. Venous thrombus 
invasion is a rare presentation of ACC, and its incidence is 
unknown.

Historically, the laparoscopic approach has discour-
aged adrenal malignancies bigger than six centimeters in 
one dimension [14, 15]; in the last years, pure laparoscopic 
and robot-assisted laparoscopic surgeries have become an 
accepted option for adrenal tumors greater than 6 cm, in 
selected referral centers [7, 16].

Clinical presentation with tumor thrombus in the adrenal 
vein is still considered a contraindication for a mini-inva-
sive approach [17]. Consequently, the treatment of adrenal 
masses with tumor thrombus is only reported as a case report 
[18]. Therefore, our study has clinical significance because it 
is the first case series of ACC with venous invasion treated 
with a mini-invasive approach.

Several demographics and clinical characteristics influ-
ence the prognosis of ACC patients: age is correlated with a 
reduction in OS. However, it is unclear if this is true for DFS 
[19]. Worse tumor staging, metastatic status at presentation, 
and the number of organs affected by metastasis determined 

Table 1   Baseline characteristics of the patients

IQR, interquartile range; BMI, body max index; IVC, inferior vena 
cava; ENSAT, European Network for the Study of Adrenal Tumors

Variable All cases
N = 20 (100%)

Age, median [IQR] 51 [38–58]
Male (%) 9 (45)
Ethnicity
  Asian (%) 12 (60)
  Caucasian (%) 8 (40)
BMI, median [IQR] 24.8 [21.3–27.5]
Laterality
  Right (%) 9 (45)
  Left (%) 11 (55)
Symptoms at diagnosis (%) 9 (45)
Hormonally active (%) 6 (30)
Tumor size, mm, median [IQR] 110 [78–137]
pT stage
  T2 (%) 4 (20)
  T3 (%) 1 (5)
  T4 (%) 15 (75)
Tumor thrombus extension
  Adrenal vein (%) 5 (25)
  Renal vein (%) 1 (5)
  Infra-hepatic IVC (%) 9 (45)
  Retro-hepatic IVC (%) 5 (25)
Other organs’ involvement
  Liver (%) 2 (10)
  Kidney (%) 5 (25)
ENSAT stage
  II (%) 4 (20)
  III (%) 13 (65)
  IV (%) 3 (15)
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Table 2   Characteristics and 
surgical and oncological results 
of the two groups

IQR, interquartile range; IVC, inferior vena cava; ENSAT, European Network for the Study of Adrenal 
Tumors; EBL, estimated blood loses; POD, post-operative day

Variable Open approach
N = 10

Mini-invasive approach
n = 10

Age, median [IQR] 53 [44–65] 46 [35–57]
Male (%) 4 (40) 5 (50)
Ethnicity
  Asian (%) 3 (30) 9 (90)
  Caucasian (%) 7 (70) 1 (10)
BMI, median [IQR] 23.9 [21.0–28.7] 25.7 [21.1–26.9]
Laterality
  Right (%) 4 (40) 5 (50)
  Left (%) 6 (60) 5 (50)
Symptoms at diagnosis (%) 4 (40) 5 (50)
Hormonally active (%) 3 3
Tumor size, median [IQR] 110 [85–124] 84 [65–112]
pT stage
  T2 (%) 0 4 (40)
  T3 (%) 0 1 (10)
  T4 (%) 10 (100) 5 (50)
Tumor thrombus extension
  Adrenal vein (%) 0 5 (50)
  Renal vein (%) 1 (10) 0
  Infra-hepatic IVC (%) 7 (70) 2 (20)
  Retro-hepatic IVC (%) 2 (90) 3 (30)
Other organs’ involvement
  Liver (%) 1 (10) 1 (10)
  Kidney (%) 4 (40) 1 (10)
ENSAT stage
  II (%) 0 4 (40)
  III (%) 7 (70) 6 (60)
  IV (%) 3 (30) 0
Completeness of resection (R0, %) 5 (50) 6 (60)
Operating time (min), median [IQR] 292 [201–326] 265 [139–343]
EBL (mL), median [IQR] 575 [412–1025] 600 [125–1550]
Intraoperative
  Transfusion requirement (%) 4 (40) 50 (50)
Clavien–Dindo complications,n (%)
  1–2 5 (50) 4 (40)
  3 1 (10) 0
Discharge (POD), median [IQR] 9 [8–13] 7 [5–11]
Adjuvant chemotherapy, yes (%) 6 (60) 6 (60)
Follow-up, median 11 14
Status (%)
  Alive and disease-free 0 6 (60)
  Alive with local recurrence 1 (10) 1 (10)
  Alive with distant progression 3 (30) 1 (10)
  Death for other causes 0 0
  Death for cancer 6 (60) 2 (20)
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a worse prognosis [19, 20]. Positive surgical margin and 
worse tumor thrombus extension diminish DFS and OS [21].

Our results confirm that the best predictor of recurrence 
is the pathological TNM stage. The minimally invasive 
approach is a favorable prognostic factor, although the more 
favorable oncological characteristics influence the minimally 
invasive group.

Few series, including patients with ACC and venous 
tumor invasion, exist in the literature. Laan and col-
leagues identified 65 patients with advanced ACC, of 
whom 28 presented with tumor thrombus in the infe-
rior vena cava; this subgroup showed a worse survival 
after 36 months [3]. Another single-center series from 
Chiche et al. reported 17 patients with ACC and venous 
thrombus treated with open surgery: the authors reported 

a median survival of 8 months [5]. Similarly, another 
multicentric study on a group of 38 patients with ACC 
and neoplastic thrombus reported a median survival of 
18 months. Recently, Ciancio et al. l. collected 33 cases 
of adrenal tumors with or without tumor thrombus in 
the inferior vena cava, of whom 11 were ACC, and 8/33 
patients had tumor thrombus in the IVC: they managed 
to get complete resection in all the cases. They reported 
worse survival for ACC patients with tumor thrombus, 
as four patients died of their disease [6].

Potentially our study, reporting better outcomes for mini-
invasive surgery over open surgery, paves the way for other 
studies regarding the use of laparoscopic and robotic surgery 
in advanced adrenal tumors. In the future, this will also be 
helpful to investigate if there is space for a retroperitoneal 

Fig. 2   Kaplan–Meier curve for overall survival (A and B) and disease-free survival (C and D) of the patients
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approach for this malignancy, especially if the thrombus 
is below the IVC, where a retroperitoneal approach could 
speed further the surgery recovery and shorten the length of 
stay in the hospital.

Our work is not exempt from limitations. First, the ret-
rospective design and the number of patients are critical 
limits. However, a prospective design and a more signifi-
cant number of cases for sporadic clinical presentations are 
almost impossible to realize. Second, patients treated with 
a mini-invasive approach were selected with lower dimen-
sions and lower stage and were treated mainly in China; 
this does not allow us to obtain any definitive conclusion 
regarding the mini-invasive surgery; however, we wanted 
to report the experience. Last, the median follow-up time 
was relatively short, although it allows preliminary conclu-
sions in very aggressive diseases.

Conclusion

Our study reports acceptable surgical outcomes for patients 
affected by ACC with venous invasion treated with open 
and mini-invasive approaches. Furthermore, the disease-
free survival of patients with venous invasion from ACC is 
influenced by the staging and the extension of the venous 
invasion; the clinical stage affects the overall survival. 
Therefore, the mini-invasive approach seems feasible in 
selected patients, but further studies investigating the onco-
logical outcomes are needed.
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