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Abstract

Background: Adrenocortical carcinoma is a rare malignancy with a poor prognosis. We 
hypothesized that patients with adrenocortical carcinoma are at high risk for venous 
thromboembolism, given the numerous risk factors such as malignancy, abdominal 
surgery, immobility and hormonal excess. The aim of this study was to determine 
retrospectively the incidence of venous thromboembolisms after surgical treatment in 
patients with adrenocortical carcinoma.
Materials and methods: A retrospective study was performed, collecting data from all 
patients diagnosed with adrenocortical carcinoma from 2003 to 2018 at the Radboud 
University Medical Centre, The Netherlands.
Results: In 34 patients, eight postoperative venous thromboembolisms, all pulmonary 
embolisms, were diagnosed in the first 6 months after adrenalectomy (23.5%). In 
addition, one patient developed pulmonary embolism just prior to surgery and one 
patient 7 years after surgery. Five of the eight patients with postoperative venous 
thromboembolisms presented with symptomatic pulmonary embolism whereas the 
other three pulmonary embolisms were incidentally found on regular follow up CT 
scans. Seven of the eight venous thromboembolisms occurred within 10 weeks after 
surgery. Seven of the eight patients had advanced stage adrenocortical carcinoma and 
four patients already received low-molecular weight heparin during the development 
of the venous thromboembolism. There was one case of fatal pulmonary embolism in a 
patient with a cortisol producing tumor with pulmonary metastases, despite the use of a 
therapeutic dose thromboprophylaxis.
Conclusion: Patients with adrenocortical carcinoma are at high risk of developing 
postoperative venous thromboembolisms. Prolonged postoperative thromboprophylaxis 
could be considered in these patients.

Introduction

Adrenocortical carcinoma (ACC) is a rare and usually 
aggressive malignancy of the adrenal cortex. It has an 
annual incidence of approximately one case per million 
individuals (1, 2). The pillar of treatment for ACC is 
complete surgical resection (3). The 5-year survival of 
ACC is ranging from 16 to 45% (4, 5, 6), depending on 

the European Network for the Study of Adrenal Tumors 
staging (ENSAT) stage (7). Patients frequently present at an 
advanced stage and recurrence rates of ACC after resection 
are high (6, 8). ACC may be classified as functional 
(hormone-secreting) or nonfunctional. Functional adrenal 
tumors of the cortex can produce cortisol, androgens, 
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estrogens and aldosterone. A functional ACC can cause 
hormone-specific symptoms and signs in patients (9). The 
most common clinical presentation of functional ACC is 
Cushing’s syndrome (9, 10, 11).

Venous thromboembolism (VTE) is a potential fatal 
complication (12). One might expect a high incidence of 
VTE in patients with ACC since malignancy, abdominal 
surgery and chemotherapy are associated with VTE 
(13, 14). In addition, hormonal excess of cortisol and 
androgens/estrogens are also associated with an increased 
risk of VTE (15, 16, 17, 18, 19).

There are a few reports on the incidence of 
postoperative VTE in patients with ACC (20). One study 
has examined postoperative complications in ACC 
patients after adrenalectomy (21). The study reported a 
postoperative VTE incidence rate of 3% in the functional 
ACC group and 2% in the nonfunctional group. However, 
the study registered only the complications during the 
hospital stay. The incidence of VTE in ACC patients 
after adrenalectomy during a longer follow-up period  
is unknown.

The aim of this study was to determine the incidence 
of VTE in ACC patients after adrenalectomy.

Methods

A retrospective study using data from Radboud University 
Medical Centre in the Netherlands was performed.

Records of all patients who were diagnosed with ACC 
and who underwent primary tumor resection between 
January 2003 and January 2018 were examined. All 
included cases were followed from surgery until the date 
of the last follow-up visit or death. The exclusion criterion 
was an age below 18 years at the time of surgery.

Data were obtained regarding patient characteristics, 
hormonal excess, size of the tumor, laterality, presence 
of metastases, stage of disease, proliferation rate 
based on MIB-1 labeling, remission and recurrence 
after surgery. The diagnosis of ACC was based on the 
pathology report of the adrenal gland, primarily based 
on the Weiss criteria (3). Data on endocrine laboratory 
tests such as 24-h urinary cortisol excretion, the 1 mg 
dexamethasone suppression test and plasma ACTH, 
DHEA-S, testosterone, estrogen and aldosterone levels 
were obtained in order to classify hormonal excess. Overt 
hypercortisolism was defined as an elevated 24-h urinary 
cortisol excretion in combination with an abnormal 
response to the 1 mg dexamethasone suppression test. 
Subclinical hypercortisolism was defined as an abnormal 

response to the 1 mg dexamethasone suppression test in 
combination with normal 24-h urine cortisol excretion. 
The patients were classified in low/intermediate-risk 
patients and advanced stage patients based on the 
ENSAT system (7) and on the Mib-1 labeling index 
(22). Patients with ENSAT stadium 1 and 2 (T1–2, N0, 
M0) and Mib-1 labeling index ≤ 10% were considered 
as low/intermediate-risk patients. Patients with ENSAT 
stadium 3 and 4 and/or Mib-1 labeling index > 10% 
were considered as the high-risk patients. The high-
risk patients and patients with metastatic disease were 
regarded as the advanced stage group. The definition of 
remission after surgery was the absence of metastatic 
disease on preoperative CT scan of chest and abdomen 
and complete resection during surgery (R0). Furthermore, 
data regarding treatment details of ACC were collected, 
including type of surgical approach, radiotherapy, 
chemotherapy and mitotane.

The primary outcome of our study was the incidence 
of venous thromboembolic events after adrenalectomy. 
We considered a VTE within 6 months after surgery as 
a postoperative VTE (23). VTE comprises pulmonary 
embolism and deep venous thrombosis. Patients were 
classified to have a deep venous thrombosis when 
diagnosis was confirmed by duplex ultrasound of the 
leg. Patients were considered to have a pulmonary 
embolism when this diagnosis was confirmed by spiral 
CT or autopsy. The presence of symptoms and risk factors 
(use of oral contraceptives, smoking and thrombophilia) 
was documented. For each patient, information on type, 
dose, and duration of thromboprophylaxis after surgery 
was documented. In addition, the incidence of bleeding 
complications during thromboprophylaxis use was 
registered. 

Statistical analysis was performed using SPSS (IBM, 
version 22; SPSS, Inc). Incidence rates for VTE were 
calculated by dividing the observed number of VTEs within 
6 months after the surgery by the total number of patients 
included. ACC patients were divided in two groups; 
patients with the development of postoperative VTE 
and patients without the development of postoperative 
VTE. Categorical data were compared with use of Fisher’s 
exact test. Continuous variables were compared with the 
nonparametric Mann–Whitney U-test. P values of less than 
0.05 were considered to indicate statistical significance.

This study was approved by the ethical committee 
of our hospital (Commissie Mensgebonden Onderzoek). 
Consent has been obtained from each patient (if alive) 
after full explanation of the purpose and nature of all 
procedures used.
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Results

Patients

From January 2003 until April 2018, a total of 40 patients 
were diagnosed with ACC. Of these 40 patients, 5 were 
excluded because they did not undergo surgery and one 
was excluded because of the fact that the patient was 
younger than 18 years. Of these six excluded patients, 
one developed a VTE during the disease period of ACC. In 
total, 34 patients were included in the study. The median 

duration of follow-up was 16.5 months with a range from 
1 to 105 months.

Characteristics

The main demographic, clinical and treatment 
characteristics are provided in Table 1. The majority of the 
patients were female (23/34), and the median age at time 
of surgery was 60 years (range 24–80 years). Of all included 
patients, 27 underwent laparotomy and 7 transperitoneal 

Table 1 Patient characteristics.

Characteristics
All ACC patients 

(n = 34)
No postoperative VTE 

(n = 26)
Postoperative VTE  

(n = 8) P-valuea

Sex, female, n 23 17 6 1.00
Age, year, median (range) 60 (24–80) 58 (24–80) 61 (29–75) 0.785
 Men 51 51 61.5 
 Women 61.5 62.5 61 
BMI, median (range) 24.5 (18.9–42.9) 23.8 26.1 0.556
Smoking, yes, n 8 7 1 0.642
Oral contraceptive pill, yes, n 1 0 1 0.300
Tumor size, cm, median (range) 13 (3–30) 13 (3–30) 16.8 (5.8–20.7) 0.644
Laterality, n 
 Left 19 15 4 
 Right 15 11 4 
Mib-1 labeling index, median % (range) 10 (1–50) 10 20 0.171
Vascular invasion, yes, n 25 18 7 0.403
Tumor thrombus before surgery, n 6 3 3 0.126
Advanced stage ACC based on ENSAT, n 18 11 7 0.046
Metastasis before surgery, yes, n 10 6 4 0.195
Functional tumor, yes, n 23 17 6 0.623
Type of tumor, n 
 Nonfunctional 7 5 2 
 Overt hypercortisolism 8 6 2 
 Subclinical hypercortisolism 5 4 1 
 Cortisol- and androgen production 7 4 3 
 Androgen production 1 1 0 
 Aldosterone production 1 1 0 
 Cortisol and estrogen production 1 1 0 
 Unknown 4 4 0 
Adrenal surgeries 
 Laparotomy, n 27 21 6 0.535
 Laparoscopy, n 7 5 2 
Remission after surgery, n 23 19 4 0.388
Radiotherapy after surgery, n 0 0 0
Mitotane after surgery, n 11 7 4 
Recurrence after remission, n 9 7 2 0.668
Recurrence after surgery in months, 

median (range)
3 (0–47) 5.5 (0–47) 2 (1–3) 

Duration thromboprophylaxis after 
surgery in days, median (range)

5 (2–95) 8 (4–95) 5 (2–42)

Bleeding during thromboprophylaxis, n 0
Follow-up in months, median (range) 16.5 (0–105) 36.2 9
 Deaths, n 16 133 3 0.685
ü Disease-specific, n 13 10 3 1.00
Other, n 3 3 0 1.00

aCategorical variables: Fisher’s exact test. Continuous variables: Mann–Whitney U-test.
ACC, adrenocortical carcinoma; BMI, body mass index; VTE, venous thromboembolic events.
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laparoscopic surgery. The average tumor size was 13.6 cm 
(range 3–30 cm). Of the 34 ACCs, 23 exhibited hormonal 
excess. The three most common types of hormonal 
overproduction were overt hypercortisolism (8/34), 
subclinical hypercortisolism (5/34), and a combination of 
overt hypercortisolism and hyperandrogenism (7/34). In 
total, 10 patients were diagnosed with metastases before 
surgery. The two most common metastatic locations were 
liver (6/34) and lung (5/34). Of all 34 patients, 23 had a 
complete resection of the tumor. Of these 23 patients 9 
had recurrence of disease after a median time of 3 months 
(range 0–47 months).

Thromboprophylaxis

Information on the use of thromboprophylaxis after 
surgery was available for 25 patients. Low-molecular 
weight heparin (LMWH) nadroparin 2850 U/day (=0.3 
mL) was used as postoperative thromboprophylaxis in all 
25 patients, according to the local protocol. The median 
duration of thromboprophylaxis after surgery was 5 days 
(range 2–95 days). Of these patients, 19 stopped using 
thromboprophylaxis after mobilization and hospital 
discharge. No bleeding complications occurred during 
the use of postoperative thromboprophylaxis. However, 
one patient developed major psoas bleeding during the 
use of a therapeutic dose of nadroparin after diagnosis of 
pulmonary embolism.

Outcome

Postoperative VTE occurred in 8 of the 34 patients. More 
details of the eight patients with postoperative VTE are 
shown in Table 2. All eight postoperative VTEs were 
pulmonary embolisms. None of the eight patients with 
pulmonary embolism had clinical signs of deep venous 
thrombosis of the leg. However, duplex ultrasound 
to rule out deep venous thrombosis of the legs was 
not performed routinely. Five patients presented with 
symptomatic pulmonary embolism whereas three 
pulmonary embolisms were incidentally found on regular 
follow up CT scans. All events occurred between 4 and 
146 days after surgery, with a median of 40 days. Seven 
of the eight pulmonary embolisms occurred within 10 
weeks postoperatively. None of the patients developed 
VTE during hospital stay. However, one patient developed 
VTE one day after discharge, 4 days after surgery. Of the 
eight patients, two patients received prophylactic LMWH 
during the development of the VTE and two other patients 
received therapeutic LMWH.

Seven of the eight patients with postoperative 
pulmonary embolism were patients with advanced stage 
ACC. Of the eight patients with postoperative VTE, one 
patient was smoking and one patient was using oral 
contraceptive pill. None of the patients had a history 
of VTE or thrombophilia. One patient with a cortisol 
producing ACC with lung metastases died 1 month after 
the diagnosis pulmonary embolism because of progressive 
pulmonary embolisms (confirmed by autopsy) despite the 
use of therapeutic nadroparin. Of the 34 ACC patients, 
one patient developed pulmonary embolism one day 
before the adrenal surgery and one patient 7 years after 
the adrenal surgery. These events were not considered as 
a postoperative VTE.

Discussion

This study shows a high incidence rate of VTE of 23.5% 
within 6 months after adrenal surgery in patients with 
ACC. All of the VTEs that occurred in our cohort were 
pulmonary embolisms. ACC patients are at high risk of 
developing postoperative pulmonary embolism.

The postoperative VTE incidence rate that we found 
was much higher compared to the incidence rate of VTE 
in a previous study by Parikh  et  al. which found a rate 
of 2–3% of postoperative VTEs in patients with ACC 
(21). The major difference between the studies is the 
fact that the previous study focused on the occurrence 
of postoperative VTE only during the hospital stay with 
a mean length of hospital stay of 9 days. In addition, 
as mentioned by the authors of the study, data were 
collected from an administrative database that depended 
on diagnostic codes that can lead to coding errors. For 
this reason, it is possible that some cases of VTE may have 
been missed. By contrast, a study by Bergqvist et al. (24) 
demonstrated a high VTE rate of 12% in patients with 
abdominal and pelvic cancer receiving LMWH for 1 week 
after surgery. A meta-analysis by Li  et  al. demonstrated 
an overall incidence of VTE after oncologic surgery for 
a broad number of different cancers of 2.3% (25). The 
follow-up length of included studies varied between 7 
and 90 days postoperatively. The incidence of VTE in 
our cohort is much higher. We hypothesize that this 
difference is caused by aforementioned risk factors of 
VTE which were present in the patients in our cohort: 
malignancy, abdominal surgery and hormonal excesses. 
To our knowledge, the incidence rate of VTE during a 
longer postoperative follow-up period for ACC patients 
was not investigated in other studies before.
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Although our cohort was relatively small and one 
should be careful interpreting subgroup analysis, we 
observed a striking higher incidence of VTE in patients 
with an advanced stage of the disease according to the 
ENSAT classification. Other variables were not associated 
with an increased risk of postoperative VTE. Seven of the 
8 patients with postoperative pulmonary embolism were 
patients with advanced stage ACC. It has been previously 
described that biologically aggressive tumors correlate 
with a higher incidence of VTE (26).

As mentioned in the introduction, previous studies 
have shown that hormonal overproduction is associated 
with VTE, even after resection of the hormone-producing 
tumor (15, 16, 17, 18, 19). For example, VTE has been 
reported in 1.9–2.5% of patients with glucocorticoid 
excess due to Cushing’s syndrome, with postoperative 
incidence varying between 0 and 5.6% (18). Against 
our expectations, the incidence of postoperative VTE in 
patients with functional ACC was not higher compared to 
patients with nonfunctional ACC in our study. The results 
of the study by Parikh  et  al. regarding postoperative 
complications during hospital stay found a small difference 
between functional and nonfunctional tumors which 
was not significant (21). Our study population might 
be too small to demonstrate small differences between 
subgroups. A further study with a larger study population 
is needed to evaluate the effect of hormone excess on the 
development of postoperative VTE in patients with ACC.

The patients in our study received 
thromboprophylaxis for various durations. Most of 
them received thromboprophylaxis only during the 
post-operative hospital stay. Given the rarity of ACC, 
there are no specific guidelines on the duration of 
postoperative thromboprophylaxis. One of the most 
authoritative studies on the duration of postoperative 
thromboprophylaxis in patients with abdominal 
carcinomas is the study by Bergqvist  et  al. (24). Their 
randomized controlled trial demonstrated a VTE rate 
of 12% in patients with abdominal and pelvic cancer 
receiving LMWH for 1 week after surgery and a VTE rate 
of 4.8% in patients receiving LMWH for 4 weeks after 
surgery (24). Therefore, the American Society of Clinical 
Oncology (ASCO) guideline of 2014 recommends 4 weeks 
of thromboprophylaxis after abdominal and pelvic cancer 
surgery (27, 28). Importantly, the observed incidence 
rate of 12% with 1 week postoperative prophylaxis in the 
study of Bergqvist et al. (24) is lower than the incidence 
rate in our study. There might be a different optimal 
regimen of postoperative thromboprophylaxis in patients 
with ACC. In our study, the majority of the VTEs occurred 

within 10 weeks after surgery. Therefore, for patients with 
ACC, it might be beneficial to prescribe postoperative 
thromboprophylaxis during a longer period of 3 
months instead of the recommended period of 4 weeks  
after surgery.

In our study population, one patient developed a 
major psoas bleeding while using therapeutic dosage of 
LMWH because of pulmonary embolism. Bleeding risks 
are high in cancer patients with therapeutic dosages 
of anticoagulants (29). None of the patients in our 
study developed major bleeding complications during 
prophylactic dosage of LWMH. However, some patients 
even developed VTE despite the use of therapeutic and 
prophylactic dosages of LWMH. Our observations confirm 
the complexity of balancing the risks of bleeding vs 
thrombosis in this patient category.

A relatively large proportion of patients in our cohort 
underwent surgery despite presenting with metastasized 
disease at diagnosis (10/34). Although surgery is 
not standard treatment of choice in patients with 
metastasized ACC, it was performed in these patients to 
reduce symptoms caused by hormonal excess or to reduce 
or prevent symptoms caused by large tumor mass, as 
recommended by the available guideline (30).

One limitation of our study is its retrospective 
nature. For example, the duration of postoperative 
thromboprophylaxis was not findable for all patients. In 
addition, we were not able to determine the performance 
status at diagnosis. Another important limitation is the 
small sample size of our study, due to the rarity of the 
disease. Notwithstanding the relatively limited sample, 
this work offers important insights regarding the 
incidence of postoperative venous thromboembolism in 
ACC patients. In the future, a prospective multicenter 
study is needed to confirm the high risk of postoperative 
VTE in patients with ACC and to determine the effect of 
thromboprophylaxis in these patients.

In conclusion, patients with ACC, especially advanced 
stage ACC, are at high risk of developing a VTE after adrenal 
surgery. Prolonged postoperative thromboprophylaxis of  
3 months could be considered in patients with ACC. 
Further research should be undertaken to investigate the 
optimal duration and dosage of thromboprophylaxis 
for ACC patients, also taking the risk of bleeding 
complications into account.
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