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Abstract: Complete surgical removal of adrenocortical carcinoma (ACC) represents the only chance
of long-term cure. In this study, we compared the long-term outcomes of ACC patients depending on
whether they had adrenal surgery performed in a high-volume (HVC) or in a low-volume (LVC) center.
This retrospective study included 49 patients from the Croatian ACC Registry with the European
Network for the Study of Adrenal Tumors (ENSAT) stage I–III ACC, of which 35 underwent surgery
in a HVC whereas 14 of them were operated in one of the LVCs. Patients operated in the LVCs
had a significantly higher rate of ACC recurrence (57.1% vs. 22.9%; p = 0.02). Accordingly, RFS
was significantly longer in patients operated on in HVC (p = 0.04). The difference in RFS remained
significant after controlling for age, gender, tumor size, Ki-67 index, Weiss score, and type of surgery
(HR 4.55; 95% CI 1.16–17.88; p = 0.03). In addition, there is a tendency towards longer DSS in
patients in the HVC group compared to those in the LVC group (p = 0.05). These results point to the
centralization of adrenal surgery as a key prerequisite for improving the outcomes of ACC patients.

Keywords: adrenocortical carcinoma; adrenal surgery; patient outcome

1. Introduction

Management of rare diseases poses a major challenge to health systems in many
ways. Patients with a rare disease commonly face the problem of a lack of specialized and
coordinated medical care, resulting in a poorer outcome of their treatment. In this regard,
centralized management of such patients is essential to improve the quality of their health
care. Adrenocortical carcinoma (ACC) is a rare and aggressive neoplasm in which complete
surgical removal of the tumor represents the only chance of a long-term cure [1]. Accord-
ingly, access to a surgeon with expertise in adrenal and oncological surgery is of the utmost
importance to optimize patients’ outcome [2–4]. However, a few recent studies reported
that a large number of adrenal surgeons perform a small number of adrenalectomies per
year [5,6]. Moreover, these studies demonstrated that patients managed by low-volume
surgeons were more likely to experience postoperative complications, underscoring the
need for a more centralized healthcare service for adrenal tumors. The most recent guide-
lines recommend ACC surgery to be performed in a high-volume center by a surgeon with
expertise in both open and laparoscopic adrenal surgery [7]. This was supported by several
studies showing that patients with ACC operated on in high volume centers had better
prognosis in terms of lower recurrence rate and improved survival [8–10].
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However, although several studies reported the results of adrenal surgery in patients
with ACC, a relatively small number of them compared patients’ outcomes depending on
center volume and surgeon expertise. Furthermore, the retrospective nature of these studies,
with results potentially affected by important confounding factors, makes it difficult to
draw definite conclusions. To add to the existing knowledge, this study compared the
long-term outcomes of ACC patients depending on whether they had adrenal surgery
performed in a high-volume (HVC) or in a low-volume (LVC) center.

2. Materials and Methods

In this retrospective study, we included patients from the Croatian ACC Registry with
the European Network for the Study of Adrenal Tumors (ENSAT) stage I–III ACC who
had adrenal surgery between 2008 and 2020. Of 49 eligible patients, 35 underwent surgery
in a HVC by a single surgeon, whereas 14 of them were operated on in one of the LVCs.
Data on demographics, hormonal status, imaging, surgical and pathology reports, adjuvant
treatment, and follow-up were collected from hospital records. The study was approved by
the University Hospital Centre Zagreb Ethics committee.

The diagnosis of ACC was based on Weiss histopathological criteria, except in patients
with oncocytic ACC, in whom Lin–Weiss–Bisceglia scoring was used [7,11]. Tumor stage
was determined using the ENSAT classification system [7].

The centers were considered HVC if they had an average of >20 adrenal surgeries per
year per surgeon in the last 10 years, of which at least two patients per year had ACC. All
patients in the HVC were operated on by a single surgeon who was a urologist, whereas in
the LVC, patients were operated on by a urologist or abdominal surgeon.

The main outcomes of the study were differences between the groups in recurrence-
free survival (RFS) and disease specific survival (DSS). RFS was calculated from the date of
the ACC surgery to the date of tumor recurrence or the last imaging follow-up. DSS was
calculated from the date of ACC surgery to the date of death related to ACC or the last
follow-up visit.

Statistical Analysis

Statistical analysis was performed using SPSS version 17.0 for Windows. Variables
were described as median (minimum-maximum) and as numbers (percentages). The
difference between two independent numerical variables was tested using the Mann–
Whitney test, and the χ2 test was applied for testing the difference between two categorical
variables. Survival analysis was performed using the Kaplan–Meier method and differences
were assessed with the log-rank test. For multivariate analysis, the Cox regression model
was applied. A confidence interval of 95% was used. The statistical significance level was
set at p < 0.05.

3. Results
3.1. Patient Characteristics

In this retrospective study, we included 49 patients with ACC, ENSAT stage I–III, of
whom 35 were operated on in the HVC, whereas 14 patients underwent surgery in one
of the seven LVCs. There were no differences between the groups regarding age, gender,
ENSAT tumor stage, excess glucocorticoid secretion, Weiss score, Ki-67 index, adjuvant
mitotane treatment, and duration of follow up. There was a trend to a larger tumor size in
the LVC group (80 (26–176) mm vs. 107.5 (70–250) mm; p = 0.05). The laparoscopic method
was more frequently used in the HVC group compared to the LVC group (71.4% vs. 28.6%
of patients; p = 0.006). Twenty-one patients in the HVC group and six in the LVC group
received adjuvant mitotane treatment. The patient characteristics are shown in Table 1.
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Table 1. Patient demographics and clinical characteristics.

Variable HVC
(n = 35)

LVC
(n = 14) p-Value

Age (year) 46 (18–77) 56.5 (24–78) 0.22
Female gender (n, %) 24 (68.5) 10 (71.4) 0.85

Tumor size (mm) 80 (26–176) 107.5 (70–250) 0.05
ENSAT tumor stage (n, %)

Stage I 6 (17.1) 0(0)
Stage II 21 (60.0) 10 (71.4)
Stage III 8 (22.9) 4(28.6)

Excess glucocorticoid
secretion (n, %) 13 (37.1) 4 (28.6) 0.57

Ki-67 (%) 12 (1–60) 14 (4–65) 0.25
Weiss score 6 (3–9) 6.5 (4–8) 0.79

Adjuvant mitotane (n, %) 21 (60) 6 (42.9) 0.28
Follow-up (months) 62 (5–147) 61.5(5–165) 0.85

Laparoscopic surgery (n, %) 25 (71.4) 4(28.6) 0.006
Recurrence (n, %) 8 (22.9) 8(57.1) 0.02

Laparoscopic surgery (n, %) 6(24) 3(75)
0.157Open surgery (n, %) 2(20) 5(50)

Death (n, %) 4(11.4) 4(28.6) 0.14
High-volume (HVC), Low-volume (LVC).

3.2. Long-Term Outcomes

Disease recurrence was observed in 16 patients, eight in each group (HVC 22.9% vs.
LVC 57.1%; p = 0.02). Eleven patients had local tumor recurrence or peritoneal carcino-
matosis, with four (11.4%) in the HVC group and seven (50%) in the LVC group (p = 0.02).
Furthermore, three patients in the LVC group, of which one had an intraoperative tumor
spillage, and none in the HVC group had disease recurrence within six months after the
surgery. No difference in recurrence rate was observed between the open and laparoscopic
approach (p = 0.157).

Patients in the HVC group had significantly longer RFS than those in the LVC group
(p = 0.04; Figure 1) and the difference remained significant after controlling for age, gender,
tumor size, Ki-67 index, Weiss score, and type of surgery (HR 4.55; 95% CI 1.16–17.88;
p = 0.03).
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In terms of survival, eight patients died during follow-up (4 HVC and 4 LVC), and in
four of them (1 HVC and 3 LVC), the death was related to ACC (p = 0.03). There was no
difference between the groups in overall survival. However, there is a trend to better DSS
in patients in the HVC group compared to those in the LVC group (p = 0.05; Figure 2).
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4. Discussion

Adrenal surgery is the cornerstone of ACC treatment and provides the best chance for
disease cure. To ensure an optimal outcome, it is of greatest importance that the surgery is
performed by a surgeon with expertise in both adrenal and oncologic surgery. However,
literature data showed that many adrenal surgeries are done by surgeons who perform only
a few such operations per year [12]. Experiences from other areas of oncology show that a
lower surgeon expertise has a negative impact on the patients’ outcome [13–15]. Likewise,
our study demonstrated lower ACC recurrence rate and longer RFS in patients who were
operated on by an expert surgeon. In addition, a trend toward improved survival rate has
also been observed. A few other studies that explored the effect of hospital volume on
ACC patient’s outcome obtained similar results. Kerkhofs et al. analyzed the outcomes of
189 patients with local or locally advanced ACC, and they demonstrated improved survival
in patients operated on in hospitals that were part of the Dutch Adrenal Network [9].
Furthermore, the Italian multicentric surgical survey with 263 patients reported that those
who underwent adrenalectomy for ACC in ‘high-volume’ centers had better oncologic
outcomes in terms of a lower recurrence rate and longer time to recurrence [4]. Finally, a
study by Grubbs et al. indicated that surgery in a non-specialized institution was associated
with an increased risk of disease recurrence [16].

Overall, surgeon experience has an impact predominantly on the risk of local recur-
rence and spreading of cancer cells inside the abdominal cavity. In our cohort, four patients
(11.4%) operated on in the HVC had local recurrence, whereas none of the patients had
peritoneal carcinomatosis. In contrast, in the LVC group, local recurrence and peritoneal
carcinomatosis were observed in six and in one patient, respectively (50%; p = 0.02). Fur-
thermore, in three patients from the LVC group and in none from the HVC group, ACC
recurrence was noted already within six months after the surgery.
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In addition to surgeon expertise, other clinical and biochemical factors might influence
the risk of ACC recurrence [1,17]. In this regard, no differences were observed between
the HVC and LVC groups in age, gender, tumor ENSAT stage, Ki-67 index, Weiss score,
excess glucocorticoid secretion, and adjuvant mitotane treatment. However, there is a trend
to larger tumors in patients in the LVC group (p = 0.05). Regarding the type of surgery,
laparoscopic adrenalectomy was used more frequently in the HVC group (p = 0.005). In a
multivariate analysis, after controlling for age, gender, tumor size, Ki-67 index, Weiss score,
and type of surgery, the difference between the groups in RFS remained significant.

Various factors may contribute to a more favorable ACC treatment outcome in expert
centers. Center volume and surgical experience are crucial in this regard [18,19], but other
factors, such as optimal post-surgical care, including a standardized follow-up protocol
by a multidisciplinary team of experts and adjuvant mitotane treatment, could also play
an important role. In the present study, the majority of the patients operated in the LVCs
were referred to the HVC within three months after the surgery, and they were subjected to
identical follow-up monitoring and treatment protocol as the patients operated on in the
HVC. However, two patients from the LVC group were referred to an expert center more
than three months after surgery when they already had a relapse of disease.

The retrospective nature and a small number of patients are major shortcomings of
the study. Furthermore, the study results might be affected by selection bias, as there is
a possibility that a certain proportion of patients who were operated on in the LVCs and
had a low risk of disease recurrence were not referred to the HVC for further management.
However, given the ACC incidence of 0.5–2 cases per million people, we believe that
our group of 49 patients almost represents the entire cohort of Croatian patients with
ACC ENSAT stage I–III. Another limitation refers to the criteria we used to define adrenal
surgery HVC. Although there is no consensus on that subject, the recent ESMO-EURACAN
clinical guidelines suggest that centers having >20 adrenal surgeries per year meet the
criteria for HVC [20]. However, in addition to expertise in adrenal surgery, experience in
oncological surgery is also essential for the optimal surgical management of ACC. Therefore,
in the present study, an HVC was defined with >20 adrenal surgeries per year in the last
five years, of which at least two per year concern ACC. In conclusion, the results of our
study showed that ACC surgery performed in expert centers was associated with a better
oncological outcome in terms of lower risk of disease recurrence and a tendency towards
improved survival rate. These findings point to the centralization of adrenal surgery as
a key prerequisite for improving outcomes of ACC patients. Finally, the complexity of
medical care of these patients requires multidisciplinary input and, therefore, management
of ACC patients should be restricted to institutions in which such input can be provided.
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