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Abstract

Background Surgical resection with negative margins is the treatment of choice for adrenocortical carcinoma (ACC). This
study was undertaken to determine factors associated with negative resection margins.

Methods National Cancer Database was queried from 2010 to 2016 to identify patients with AJCC/ENSAT Stage I-III
ACC who underwent adrenalectomy. Patient, tumor, facility, and operative characteristics were compared by margin status
(positive—PM or negative—NM) and operative approach (open—OA, laparoscopic—LA, or robotic—RA). Multivariable
logistic regression was used to identify factors associated with PM.

Results Eight hundred and eighty-one patients were identified, of which 18.4% had PM and 81.6% had NM. Patients with
advanced pathologic T stage and pathologic N1 stage were more likely to have PM (vs. NM) (T3, 49.7% vs. 24.8%, p <0.01;
T4, 26.2% vs. 10.0%, p<0.01; N1, 6.7% vs. 3.5%, p<0.01). Patients undergoing OA (vs. LA and RA) were more likely
to have advanced clinical T stage (T4, 16.6% vs. 5.7% vs. 7.8%, p <0.01) and larger tumors (> 6 cm, 84.6% vs. 64.1% vs.
62.3%, p<0.01). High-volume centers (>5 cases) were more likely to utilize OA. Patients undergoing LA (vs. RA) were
more likely to require conversion to open (20.3% vs. 7.8%, p=0.011). On multivariable analysis, factors associated with
higher odds of PM included T3 disease (OR 7.02, 95% CI 2.66—18.55), T4 disease (OR 10.22, 95% CI 3.66-28.53), and LA
(OR 1.99, 95% CI 1.28-3.09). High-volume centers were associated with lower odds of PM (OR 0.67, 95% CI 0.45-0.98).
There was no significant difference in margin status between OA and RA (OR 1.44, 95% CI1 0.71-2.90).

Conclusion Centers with higher ACC case volumes have lower odds of PM and utilize OA more often. LA is associated with
higher odds of PM, whereas RA is not. These factors should be considered when planning the operative approach for ACC.

Keywords Adrenocortical carcinoma - National Cancer Database - Minimally invasive surgery - Robotic surgery -
Laparoscopic surgery - Margins

Adrenocortical carcinoma (ACC) is a rare and aggressive
endocrine malignancy with a poor prognosis. It has an
annual incidence of 200 cases per year and a 5-year survival
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rate of 15-44% [1, 2]. The standard of care for patients as
recommended by the American Joint Committee on Cancer
(AJCC) and the European Network for the Study of Adrenal
Tumors (ENSAT) Stage I-IIT ACC (no evidence of distant
metastases) is adrenalectomy with RO resection, as it is the
only therapy that is potentially curative [3-5]. This often
entails en bloc resection of adjacent involved organs for
locally advanced disease.

The National Comprehensive Cancer Network (NCCN)
recommends open adrenalectomy as the standard of care for
ACC. These guidelines state that it is important to “achieve
negative margins and avoid breaching the tumor capsule,”
and cite an “increased risk for local recurrence and perito-
neal spread when done laparoscopically,” although this may
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be biased by comparing the early surgeon’s experience with
laparoscopic vs. open adrenalectomy [6-9].

Although laparoscopic adrenalectomies for ACC have
been associated with unfavorable outcomes, robotic adre-
nalectomies for ACC have not been assessed in the litera-
ture. The goal of our study was to use a national registry of
cancer patients to identify risk factors for positive margin
status after adrenalectomy for ACC, specifically focusing on
operative approach and institutional operative experience.

Methods

The National Cancer Database (NCDB) is a clinical oncol-
ogy database sponsored by the American College of Sur-
geons and the American Cancer Society. It captures data
from more than 1,500 Commission on Cancer (CoC)-
accredited facilities and represents over 70 percent of newly
diagnosed cancer cases nationwide. These facilities are cate-
gorized as “Community Cancer Program” (CCP), “Compre-
hensive Community Cancer Program” (CCCP), “Academic/
Research Program” (ARP), and “Integrated Network Cancer
Program” (INCP) by the CoC. CCPs treat 100-500 newly
diagnosed cancer cases each year and may refer out a portion
of diagnostic or treatment procedures. CCCPs treat 500 or
more newly diagnosed cancer cases each year and provide
a full range of diagnostic and treatment services on-site or
by referral. ARPs treat 500 or more newly diagnosed can-
cer cases each year and participate in postgraduate medical
education in at least four specialties. INCPs are organiza-
tions with multiple facilities that provide integrated cancer
care and comprehensive services. For this study, CCPs and
CCCPs were classified jointly as “Community” institutions,
and ARPs and INCPs were classified jointly as “Academic”
institutions.

The National Cancer Database (NCDB) was queried from
2010 to 2016 for all patients with the International Clas-
sification of Diseases, 10th edition, Clinical Modification
(ICD-10-CM) diagnosis code for malignant neoplasm of
the cortex of the adrenal gland (C74.0) with the ICD for
Oncology, 3rd edition (ICD-O-3) histology code for adrenal
cortical carcinoma (8370) who underwent an adrenalectomy.
Only patients with ACC as the primary/only cancer were
included (North American Association of Central Cancer
Registries #560, code 00 or 01). Patients whose treatment
was not performed at the treating facility were excluded from
the study (NAACCR #610, code 00). Patients with AJCC or
ENSAT Stage IV disease, i.e., metastatic (M1) disease, and
those who underwent neoadjuvant systemic therapy were
also excluded. Operative approach was only available from
2010 and onward, thus patients undergoing adrenalectomy
from 2004 to 2009 were excluded.

Data regarding patient age, gender, race/ethnicity, Charl-
son—Deyo score, insurance status, location, and income
quartile were obtained. Tumor characteristics including
clinical and pathologic T and N stages, tumor size, and lat-
erality were assessed. Data regarding operative approach
(open—OA, laparoscopic—LA, or robotic—RA) and con-
version rates were obtained. Additionally, facilities were
stratified by case volume over the entire study period. Prior
studies have defined “high-volume” as the facilities in 75th
to 90th percentile for case volume [10, 11]. In this study, a
facility performing 5 cases over the entire study period cor-
responded to the 85th percentile for facility case volume.
Thus, the facilities were stratified into two groups: 1—4 cases
in the entire study period, classified as low volume, and 5
or more cases in the entire study period, classified as high
volume.

Patient, tumor, facility, and operative characteristics were
compared by operative approach and margin status (posi-
tive—PM or negative—NM). Variables were described as
median (interquartile ratio) for nonparametric continuous
variables and n (%) for categorical variables. Univariate
analysis was performed with the Mann—Whitney U test
for nonparametric continuous variables and Pearson’s Chi-
squared test for categorical variables. Statistically signifi-
cant variables on univariate analysis and variables associ-
ated with operative approach and experience were used in a
backward stepwise logistic regression to identify independ-
ent factors associated with PM. The regression model’s
goodness of fit was tested with the Hosmer—Lemeshow test
and the C statistic. In the Hosmer—-Lemeshow test, p value
greater than 0.05 signifies that the model fits the observed
data. The C statistic represents the area under the receiver-
operating curve (ROC).

Overall survival was compared between patients with
PM and NM using the Kaplan—Meier estimate, using the
log-rank test to assess for statistical significance. Subgroup
analysis by T stage and margin status for overall survival was
also performed using the Kaplan—Meier estimate.

Results

A total of 881 patients with AJCC or ENSAT Stage I-III
ACC who underwent surgical resection without neoadjuvant
therapy were identified (Table 1). The majority of cases were
performed at Academic centers (70%), and approximately
half of the cases (48.9%) were performed at high-volume
centers. There were 407 low-volume centers: 119 centers
performed 1 case, 111 centers performed 2 cases, 88 centers
performed 3 cases, and 89 centers performed 4 cases in the
entire study period. The majority of cases were performed
via OA (65%), followed by LA (26.2%) and RA (8.7%). OA
rates decreased from 72.9% of all cases in 2010 to 64.4%
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Table 1 Patient demographics and tumor characteristics by surgical approach

Total (n=881) Open (n=573, 65.0%) Laparoscopic Robotic (n=77, 8.7%) P value
(n=231, 26.2%)
Age (median, IQR) 55 (44-66) 55 (43-65) 56 (45-66) 58 (47-67) 0.465
Sex
Male 352 (40.0) 232 (40.5) 91 (39.4) 29 (37.7) 0.875
Female 529 (60.0) 341 (59.5) 140 (60.6) 48 (62.3)
Race
White 748 (84.9) 482 (84.1) 201 (87.0) 65 (84.4) 0.423
Black 82(9.3) 57 (9.9) 17 (7.4) 8(10.4)
Asian 27 (3.1) 20 (3.5) 522 2 (2.6)
Other 24 (2.7) 14 (2.4) 8(3.7) 2 (2.6)
Charlson-Deyo Score 0.022
0 652 (74.1) 445 (77.7) 160 (69.3) 48 (62.3)
1 182 (20.7) 106 (18.5) 54 (23.4) 22 (28.6)
2 31(3.5) 16 (2.8) 11 (4.8) 4(5.2)
3 15 (1.7) 6 (1.0) 6 (2.6) 339
Insurance 0.488
Uninsured 44(5.1) 32(5.7) 9(3.9) 339
Private 501 (57.6) 326 (57.7) 135 (59.2) 40 (51.9)
Medicaid 61 (7.0) 41(7.3) 17 (7.5) 339
Medicare 244 (28.0) 151 (26.7) 63 (27.6) 30 (39.0)
VA 20 (2.3) 15 (2.7) 4(1.8) 1(1.3)
Median income quartile
1 144 (16.5) 88 (15.5) 38 (16.6) 18 (23.4) 0.006
2 212 (24.3) 156 (27.6) 41(17.9) 15 (19.5)
3 207 (23.7) 142 (25.1) 53(23.1) 12 (15.6)
4 309 (35.4) 180 (31.8) 97 (42.4) 32 (41.6)
Facility type
Community 263 (30.0) 157 (27.4) 75 (33.0) 31 (40.8) 0.029
Academic 613 (70.0) 416 (72.6) 152 (67.0) 45 (59.2)
Case volume
1-4 (< 85th) 450 (51.1) 270 (47.1) 127 (55.0) 53 (68.8) 0.013
5 or more (> 85th) 431 (48.9) 303 (52.9) 104 (45.0) 24 (31.2)
Laterality
Right 411 (46.9) 273 (48.0) 105 (45.5) 33 (42.9) 0.617
Left 466 (53.1) 296 (52.0) 126 (54.5) 44 (57.1)
Pathologic T
1 74 (8.5) 27 (4.8) 32(13.9) 15 (19.5) <0.01
2 429 (49.1) 275 (48.6) 119 (51.7) 35 (45.5)
3 257 (29.4) 170 (30.0) 66 (28.7) 21(27.3)
4 113 (12.9) 94 (16.6) 13(5.7) 6(7.8)
Pathologic N
0 843 (95.7) 540 (94.2) 228 (98.7) 75 (97.4) 0.014
1 38 (4.3) 33(5.8) 3(1.3) 2(2.6)
Tumor size
<4 cm 86 (9.8) 47 (8.2) 25 (10.8) 14 (18.2) <0.01
4-6 cm 114 (12.8) 41(7.2) 58 (25.1) 15 (19.5)
>6cm 681 (77.3) 485 (84.6) 148 (64.1) 48 (62.3)
Conversion to open
No 255 (82.8) N/A 183 (79.7) 71(92.2) 0.011
Yes 53 (17.2) N/A 47 (20.3) 6(7.8)
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Table 1 (continued)
Total (n=881) Open (n=573, 65.0%) Laparoscopic Robotic (n=77, 8.7%) P value
(n=231, 26.2%)
Margin status
Negative 659 (81.6) 437 (83.2) 165 (77.5) 57 (81.4) 0.186
Positive 149 (18.4) 88 (16.8) 48 (22.5) 13 (18.6)

of all cases in 2016. LA rates remained similar over time,
from 22.1% in 2010 to 21.2% in 2016. RA rates increased
over time, from 5.0% in 2010 to 14.4% in 2014 (Fig. 1). In
Academic centers from 2010 to 2016, OA decreased from
75.0 to 70.2%, LA decreased from 19.6 to 18.1%, and RA
increased from 5.4 to 11.7%, respectively. In Community
centers from 2010 to 2016, OA decreased from 70.2 to
51.4%, LA increased from 25.5 to 29.7%, and RA increased
from 4.3 to 18.9%, respectively.

Patient demographics, tumor characteristics, and opera-
tive outcomes between OA, LA, and RA were compared
(Table 1). Patients undergoing OA (vs. LA and RA) had
fewer comorbidities (Charlson—Deyo Score 2, 2.8% vs. 4.8%
vs. 5.2%; Charlson—Deyo Score 3, 1.0% vs. 2.6% vs. 3.9%,
p=0.022) and were less likely to live in the highest income
neighborhoods (31.8% vs. 42.4% vs. 41.6% p=0.006).
Patients undergoing OA (vs. LA and RA) were more likely
to receive treatment at an Academic center (72.6% vs. 67.0%
vs. 59.2%, p=0.029) or at a high-volume center (52.9% vs.
45.0% vs. 31.2%, p=0.013). There were no differences in
age, sex, race, or insurance status between the groups.

There were no differences in tumor laterality between
the groups. Patients undergoing OA (vs. LA and RA) were
more likely to have advanced pathologic T stage (T4,
16.6% vs. 5.7% vs. 7.8%, p<0.01) and tumors greater
than 6 cm in size (84.6% vs. 64.1% vs. 62.3%, p <0.01).
The rates of PM for OA, LA, and RA on univariate analy-
sis were not statistically different, at 16.8%, 22.5%, and
18.6%, respectively (p =0.186). Patients undergoing LA
(vs. RA) were more likely to require conversion to open

Fig. 1 Surgical approach by
year

Percentage

(20.3% vs. 7.8%, p=0.011). PM was present in 18.5% of
LA who did not convert to open and 29.8% of LA who
converted to open (p =0.09). PM was present in 12.7%
of RA who did not convert to open and 66.7% of RA who
converted to open (p <0.01).

Patient demographics, tumor characteristics, treat-
ment regimen, and operative outcomes were compared
between the PM and NM cohorts (Table 2). Overall, PM
was reported in 149 (18.4%) patients and NM was reported
in 659 (81.6%) patients (Table 2). There was no signifi-
cant difference in margin status by demographic factors,
such as age, gender, race, Charlson—Deyo score, or insur-
ance status. Patients with PM were more likely to have
advanced T stage (pT3, 49.7% vs. 24.8%, p<0.01; pT4,
26.2% vs. 10.0%, p <0.01). There was no significant dif-
ference in margin status by tumor size, laterality, opera-
tive approach, or case volume. Patients with PM (vs. NM)
were more likely to get adjuvant chemotherapy (42.3% vs.
33.1%, p<0.01) and radiation therapy (39.6% vs. 15.8%,
p=0.033).

On multivariate analysis, factors associated with higher
odds of PM included pT3 disease (OR 7.02, 95% CI
2.66-18.55), pT4 disease (OR 10.22, 95% CI 3.66-28.53),
and LA (compared to OA) (OR 1.99, 95% CI 1.28-3.09)
(Table 3). The odds of PM were similar for RA compared
to OA (OR 1.44, 95% CI1 0.71-2.91). High-volume centers
were associated with lower odds of PM (OR 0.67, 95% CI
0.45-0/98). The model fits the observed data well as tested
using the C statistic (C=0.759) and the Hosmer-Lemeshow
test (p=0.801).
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Table 2 Patient demographics
and clinical characteristics

of patients with positive and
negative margins

@ Springer

Total (n=_808) Positive margins Negative margins P value
(n=149, 18.4%) (n=659, 81.6%)
Age (median, IQR) 54 (43-64) 56 (43-65) 53 (43-64)
Sex 0.079
Male 317 (39.2) 49 (32.9) 268 (40.7)
Female 491 (60.8) 100 (67.1) 391 (59.3)
Race
White 684 (84.7) 128 (85.9) 556 (84.4) 0.719
Black 79 (9.8) 12 (8.1) 67 (10.2)
Asian 23 (2.8) 6 (4.0) 17 (2.6)
Other 22 (2.7) 3(2.0) 19 (2.9)
Charlson-Deyo Score
0 602 (74.5) 109 (73.2) 493 (74.8) 0.925
1 166 (20.5) 32 (21.5) 134 (20.3)
2 28 (3.5) 5(3.4) 23 (3.5)
3 12 (1.5) 3(2.0) 9(1.4)
Insurance
Uninsured 40 (5.0) 8(5.5) 32 (4.9) 0.837
Private 459 (57.6) 78 (53.8) 381 (58.4)
Medicaid 60 (7.5) 13 (9.0) 47 (1.2)
Medicare 218 (27.4) 43 (29.7) 175 (26.8)
VA 20 (2.5) 3(2.1) 17 (2.6)
Facility type
Community 237 (29.5) 48 (32.7) 189 (28.8) 0.356
Academic 566 (70.5) 99 (67.3) 467 (71.2)
Case volume
1-4 (< 85th) 407 (50.4) 81 (54.4) 326 (49.5) 0.281
5 or more (> 85th) 401 (49.6) 68 (45.6) 333 (50.5)
Pathologic T stage
1 66 (8.2) 5(3.4) 61 (9.3) <0.01
2 396 (49.4) 31 (20.8) 365 (55.9)
3 236 (29.4) 74 (49.7) 162 (24.8)
4 104 (13.0) 39 (26.2) 65 (10.0)
Pathologic N stage
0 775 (95.9) 139 ((3.3) 636 (96.5) 0.073
1 33 (4.1) 10 (6.7) 23 (3.5)
Tumor size
<4 cm 75 (9.3) 12 (8.1) 63 (9.6) 0.680
4-6 cm 104 (12.9) 17 (11.4) 87 (13.2)
>6cm 629 (77.8) 120 (80.5) 509 (77.2)
Laterality
Right 380 (47.3) 80 (54.1) 300 (45.7) 0.067
Left 424 (52.7) 68 (45.9) 356 (54.3)
Surgical approach
Robotic 70 (8.7) 13 (8.7) 57 (8.6) 0.186
Laparoscopic 213 (26.4) 48 (32.2) 165 (25.0)
Open 525 (65.0) 88 (59.1) 437 (66.3)
Robotic: conversion to open 6(7.8) 4 (30.8) 2@3.1) 0.006
Robotic only 71(92.2) 9 (69.2) 62 (96.9)
Laparoscopic conversion to open 47 (20.3) 14 (29.2) 33 (18.0) 0.088
Laparoscopic only 184 (79.7) 34 (70.8) 150 (82.0)
Adjuvant chemotherapy 281 (34.8) 63 (42.3) 218 (33.1) <0.01
Adjuvant radiation 163 (20.2) 59 (39.6) 104 (15.8) 0.033
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Overall survival was significantly shorter for patients
with PM vs. NM (25.4 vs. 78.2 months, p <0.01) (Fig. 2a).
This significant difference between survival with PM vs.

Table 3 Multivariate logistic regression for factors associated with
positive margins

Model 1
OR 95% CI p value
Pathologic T stage
T1 Ref
T2 1.224 0.45-3.31 0.690
T3 7.020 2.66-18.55 <0.01
T4 10.216 3.66-28.53 <0.01
Case volume (percentile)
1-4 (< 85th) Ref
5 or more (> 85th) 0.666 0.45-0.98 0.044
Surgical approach
Open Ref
Laparoscopic 1.991 1.28-3.09 0.002
Robotic 1.440 0.71-2.90 0.308
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NM was upheld throughout all stratification schema, includ-
ing: 1) by T stage (T1, 46.7 vs. 106.1 months, p <0.01; T2,
85.4 vs. 101.9 months, p<0.01; T3, 64.7 vs. 74.1 months,
p<0.01; T4, 24.3 vs. 33.2 months, p <0.01) (Fig. 2b), 2), by
operative approach (OA, 22.5 vs. 70.8 months, p <0.01; LA,
16.5 vs. 81.8 months, p <0.01; RA, undefined vs. undefined,
p=0.045) (Fig. 2c), and 3), and by case volume (1—4 cases,
24.6 vs. 71.0 months, p <0.01; 5 or more cases, 25.5 vs.
84.5 months, p <0.01) (Fig. 2d).

Discussion

The treatment of choice for non-metastatic ACC is com-
plete surgical resection with RO margins. Current guide-
lines recommend OA in order to minimize the risk of
tumor spillage and positive margin status, both of which
are associated with higher rates of locoregional recurrence
and worse survival [9, 12]. In our study, the proportion of
patients with ACC undergoing LA or RA increased over
time. Patients undergoing OA were more likely to have
tumors > 6 cm in size and extra-adrenal extension with
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Fig.2 a-d Overall survival by margin status. a Overall survival by margin status of entire cohort. b Overall survival by margin status and T
stage. ¢ Overall survival by margin status and operative approach. d Overall survival by margin status and case volume
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invasion into surrounding organs (pathologic T4) and were
more likely to be performed at Academic or high-volume
centers, as compared to patients undergoing LA and RA,
both of which raise the possibility of selection bias and
emphasize the need for appropriate patient selection for
surgical approach. On univariate analysis, rates of PM
were similar between OA, LA, and RA. However, after
adjusting for tumor size, pathologic T stage, and center
experience with ACC, LA was associated with higher odds
of PM compared to OA, while RA was not. Our study pro-
vides preliminary data suggesting that RA can be safely
performed without a higher risk of PM with careful patient
selection.

To our knowledge, this is the first study in the literature
that evaluates differences between robotic, laparoscopic,
and open approaches for ACC. Reports on RA are mostly
limited to case series describing the technical aspects
and outcomes for benign adrenal disease [13—15]. Stud-
ies on ACC typically group robotic surgery with laparo-
scopic surgery together as “minimally invasive surgery”
or exclude robotic surgery altogether [16, 17]. Our study
shows that RA is not associated with a higher risk of PM
compared to OA for ACC.

Why was LA associated with higher odds of PM in our
study, while RA was not? The NCDB does not contain
enough details on surgical technique to answer this ques-
tion. However, other studies in the literature have com-
pared differences in technique for performing an adre-
nalectomy between RA and LA which may explain this
difference. For example, Gokceimam et al. compared intra-
operative video recordings of 30 LA to 30 RA and found
significantly superior metrics of surgical flow and economy
of motion for RA, even when stratified by tumor size [18].
These included detailed measures, such as operative time,
quality of camera control, instrument movement, tissue
trauma from traction, quality of tumor dissection, range of
movement around the tumor, and bleeding. Another study
from the same group found lower rates of microcapsular
disruption with RA compared to reported rates in the lit-
erature for LA [19]. These studies suggest that RA may
offer technical advantages over LA. In our study, LA was
associated with a significantly higher rate of conversion
to open compared to RA. Interestingly, LA requiring con-
version to open resulted in a slightly higher but nonsig-
nificant difference in the rate of PM, while RA requiring
conversion to open resulted in a significantly higher rate
of PM. A recent study by Delozier et al. also identified
conversion to open in minimally invasive surgery (MIS)
as a prognostic factor for poor survival, although the rates
of PM were not statistically significantly increased in this
population [20]. Their study did not specifically assess dif-
ferences between robotic and laparoscopic approaches and
instead grouped these two approaches together as MIS. A

@ Springer

similar study on risk factors for PM for ACC by Skertich
et al. included metastatic ACC in their analysis and found
that extra-adrenal extension (T3/T4) and distant metasta-
ses were associated with incomplete resection [21]. They
found no difference in rates of PM by surgical approach
on univariate analysis. However, like Delozier et al., they
combined robotic surgery with laparoscopic surgery and
did not perform multivariate analyses to adjust for tumor
size or pathologic T stage [20, 21].

Our study also evaluates the impact of operative volume
on rates of PM. The top 15% of hospitals by case volume—
corresponding to 5 or more cases over the entire study
period—account for nearly half of the total operative volume
in the nation and an even larger share of patients with T4
ACC undergoing adrenalectomy (52.5%). These high-vol-
ume centers were associated with significantly lower odds
of PM. In contrast, low-volume centers, of which 119 per-
formed 1 case, 111 performed 2 cases, and 88 performed 3
cases over seven years, had higher odds of PM. This finding
is consistent with other single-institution studies which have
shown that treatment at high-volume centers is associated
with higher rates of operative management, higher utiliza-
tion of adjuvant therapy, and improved outcomes for ACC
[10, 22]. Our study suggests that patients with ACC may be
better served by referrals to regional high-volume centers
with more experience managing ACC.

Based on our findings, surgeons should cautiously
approach patients with large, irregular tumors concerning
for ACC, especially those with extra-adrenal extension, as
these factors represent the strongest risk factors for PM.
These patients may be best served with an open approach.
Although our multivariable regression does show that the
odds of PM are similar between RA and OA, independent
of tumor size, it is still important to note that RA were more
likely be performed on smaller tumors with lower T stages
in our study.

If a surgeon finds an unexpectedly challenging case dur-
ing LA or RA, several techniques can help surgeons iden-
tify safe dissection planes to maintain negative margins. For
example, indocyanine green has been used to delineate the
vascular anatomy of adrenal neoplasms and enhance the
contrast between tumor and normal tissue [23-25]. Intraop-
erative ultrasound has also been used to identify key struc-
tures and safe plane of dissections, resulting in lower rates
of complications and conversion to open [26]. A hand-assist
port may provide additional tactile feedback over laparos-
copy alone; however, this is generally very rarely utilized
in practice. These adjuncts should not delay conversion to
open if indicated.

Our study has some important limitations related to the
retrospective nature of a national registry. The NCDB does
not accurately describe clinically significant factors that
may affect margin status, such as the extent of extra-adrenal
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invasion into adjacent organs. Details regarding operative
approach are only available from 2010 and onward, which
reduces the sample size of the study. The NCDB does not
differentiate between transabdominal vs. retroperitoneal
approaches, nor does it differentiate between surgeons who
perform hand-assisted laparoscopy and those who stay com-
pletely laparoscopic, which may confound the outcomes
assessed in our study. The sample size for RA was small
(n="77) in comparison to that of OA and LA, although to
our knowledge, this is the largest study on RA for ACC in
the literature. Most importantly, the data are susceptible to
bias. In many cases, the diagnosis of ACC is not known
preoperatively, and this may affect the operative approach,
especially for smaller tumors. In addition, surgeons may be
less inclined to perform minimally invasive adrenalecto-
mies on larger tumors with extra-adrenal extension, leading
to selection bias. Finally, the database also lacks informa-
tion on recurrence rates and disease-free survival, which
are important measures for oncologic outcomes. Overall,
the limitations of the NCDB and the rarity of the disease
stress the importance of establishing multi-institutional col-
laboratives to prospectively study the surgical treatment of
adrenocortical carcinoma.

Conclusion

Laparoscopic adrenalectomy for ACC is associated with
higher odds of positive margin status and conversion to
open. Robotic and open adrenalectomies had similar odds
of positive margins, although most robotic adrenalectomies
were performed on smaller tumors, and the sample size for
robotic operations was low. Centers with higher case vol-
umes for ACC are more likely to utilize open surgery in the
management of ACC and have lower odds of positive margin
status. These factors should be considered when planning
the operative approach for ACC.
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