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Background: Adrenocortical carcinoma, a rare malignancy, has a poor prognosis, and the treatment
modalities have not been well established. This study aimed to analyze the trend of treatment modalities and
outcomes of patients with adrenocortical carcinoma.

Methods: We retrospectively analyzed 94 patients with adrenocortical carcinoma between January
1995 and June 2020 for distributions according to the American Joint Committee on Cancer (AJCC) 8th
edition tumor-node-metastasis (TNM) staging, the yearly trend of demographic features, differences in
multidisciplinary treatment, and prognostic outcomes. Multidisciplinary treatment included any combination
of treatment including surgery, mitotane, chemotherapy or radiation.

Results: The mean age and tumor size were 48.9 years and 11.7 cm, respectively. Fifteen patients (16.0%)
underwent surgery only, and 56 (59.6%) underwent surgery with additional multidisciplinary treatments.
Initial curative treatment was performed in all patients with stage 1 (n=5), 33 patients with stage 2 (n=34,
97.1%), 12 patients with stage 3 (n=19, 63.2%), and 11 patients with stage 4 (n=36, 30.6%) (P<0.0001).
Two patients (40.0%) with stage 1 presented recurrence. In stages 2, 3, and 4, 57.6%, 58.3%, and 90.9% of
patients who received curative treatment had recurrences, respectively. The annual trend presented statistical
differences in mitotane use that have been increasing recently (P<0.0001).

Conclusions: Overall distribution of adrenocortical carcinoma stage was similar throughout the
years. Although the rate of mitotane use in the treatment of patients with Adrenocortical carcinoma has
increased over time, recurrences were common even after multidisciplinary curative treatment in all stages.
The treatment effect and prognostic outcomes presented no promising progression even with adjuvant

chemotherapy and mitotane use in addition to surgical treatment. Adrenocortical carcinoma still presented

an extremely poor prognosis, and further prospective studies are needed.
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Introduction

Adrenal incidentalomas are common, developing in 3-10%
of the population, in which the majority of tumors are
adenomas (1). Conversely, adrenocortical carcinoma (ACC)
is an extremely rare malignancy with an incidence of 1
to 2 cases per million (2-4). Although it has no uniform
patterns, ACC may be diagnosed based on the size and
imaging characteristics of the lesion (5,6). The incidence
rate of ACC is highest in those in their 50s and 60s and is
higher in women (7,8). Most patients with ACC present
poor outcomes, although the prognosis varies greatly
depending on the initial tumor stage (9). When the tumor
is confined within the adrenal gland, the S-year survival rate
is 58-66% and decreases to 0-24% with extra-adrenal ACC
(10,11). For ACC, complete surgical resection, such as
en bloc and RO resection, is the only curative treatment (CTr)
associated with a superior prognosis (12-14). However,
despite complete resection, the recurrence rate may
increase to 75-85% (11,15,16). For this reason, in many
studies, adjuvant therapy, including chemotherapy and/or
mitotane therapy, is recommended with surgery (11,17-20).
Mitotane has been used as drug therapy for unresectable
or metastatic ACC since 1959 (21-23). Moreover, it is the
only approved agent for treating patients with ACC (20,24).
In the early days of the development of mitotane, mitotane
monotherapy was the main treatment method for ACC
that was difficult to resect completely or had metastasized.
According to the results of several studies at that time, the
tumor size was reduced in 34-61% of patients with ACC
treated with mitotane (23,25,26). However, recent studies
have reported partial response rates of 10-30% of patients,
and some studies have even shown lower rates (10,27-29).
With this, the effectiveness of mitotane for the treatment
of ACC has not been well proven, and several studies have
shown contradictory results (15,17,30-34).

"This study aimed to review the demographic and clinical
features of 94 patients with ACC who visited a single
tertiary center over the last two decades and evaluate the
trend of treatment modality and prognostic outcomes.
We present the following article in accordance with
the STROBE reporting checklist (available at https://
gs.amegroups.com/article/view/10.21037/gs-22-274/rc).

Methods

This retrospective cohort study analyzed 109 patients with
ACC who visited Asan Medical Center, Seoul, Korea,
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between January 1995 and June 2020. The cutoff age of the
enrolled patients was >18 years. Among them, 15 patients
were excluded due to lack of data, and 94 patients were
finally enrolled. The study was conducted in accordance
with the Declaration of Helsinki (as revised in 2013). The
study was approved by the Institutional Review Board of
Asan Medical Center, Seoul, Korea (No. 2015-0376) and
informed consent was waived due to the retrospective
nature of the study. Clinical information related to the
patient was retrospectively collected by an electronic
medical information system. Seventy-one patients were
diagnosed of ACC through surgery while 17 patients having
multiple metastatic lesions underwent percutaneous adrenal
biopsy to diagnose the origin of carcinoma. And, 6 patients
were diagnosed through image studies only.

First, we analyzed the age, sex, stage, lesion site, tumor
size, hormonal production status, operative status, mitotane
use, multidisciplinary treatment method, RO resection,
recurrence rate, and disease-free survival (DFS) of patients
with ACC. In this study, RO resection was defined as
complete surgical resection with pathologic negative
margin. Of the 71 patients who underwent surgery, open
surgery was performed on 62 patients, and minimally
invasive surgery including laparoscopic or robotic surgery
was performed on 9 patients. The DFS period was from
the date of complete surgical resection to the date of
the first recurrence. In this study, chemotherapy refers
to chemotherapy agents other than mitotane, including
cytotoxic agents (etoposide, adriamycin, and cisplatin). The
ACC stage was classified according to the classification
of American Joint Committee on Cancer (AJCC) 8th
edition tumor-node-metastasis ('INM) staging (35). Then,
the trend of demographic and clinical features of ACC
were analyzed by dividing the study duration into 5-year
periods. Follow-up studies included computed tomography,
magnetic resonance imaging, and/or positron emission
tomography images every 3 to 6 months postoperatively.
Recurrence was dictated and evaluated when newly
developed lesions were found in consecutive imaging studies
after RO resection. In this study, patients who underwent RO
resection were referred to as having CTr and others were
considered to have palliative treatments (PIt) or less.

The primary endpoint of this study was the distribution
of ACC according to TNM stages and how RO resection
and multidisciplinary treatment were performed. Then, we
evaluated the recurrence pattern according to the definition
under CTr and PTr. As a second endpoint, we analyzed
the changing demographic and clinical outcome trends
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annually.

Statistical analysis

We assessed the variables using the Pearson chi-square
test for categorical variables and the Student’s independent
t-test for continuous variables. Continuous variables are
presented as mean + standard deviations with ranges, and
categorical variables as percentages and absolute numbers.
Statistical analysis was performed using IBM SPSS version
21.0 for Windows (Chicago, IL, USA), and differences were
considered significant when a P value was <0.05.

Results

A total of 94 patients were included in this study. The
baseline demographic and clinical features are presented
in Table 1. The mean age was 48.94+13.61 years (range,
19-78 years). Most patients were aged between 41 and
50 years (n=27, 28.7%), followed by those between
51 and 60 years (n=23, 24.5%). There were five patients aged
>70 years. The number of male and female patients was the
same (n=47; 50%).
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The mean tumor size was 11.7£5.1 cm (range, 2.5-28.0 cm).
Seventy-one patients (75.5%) underwent surgery, and
54 (57.4%) used mitotane during treatment. Most patients
(49.0%) underwent multidisciplinary treatment, such as
surgery and adjuvant chemotherapy with mitotane, while
16.0% underwent only surgery. PTr such as chemotherapy
with/without mitotane was performed in 14.9% of patients
with ACC. Overall, nine patients (9.6%) did not receive
any treatments. R0 resection was performed in 61 patients
(64.9%), and among them, 38 patients (62.3%) presented
recurrence during the follow-up period. The mean DFS
among patients who received CTr was 37.5+49.8 months.

Table 1 shows the distribution of patients with ACC
according to the AJCC 8th edition TNM staging. Among
all patients, 36 (38.3%) had stage 4, while 34 (36.2%) had
stage 2 and 19 (20.2%) had stage 3. Stage 1 was the least
common, with 5 patients (5.3%). There were no significant
differences in mean age, age distribution, sex ratio, and
tumor lesion ratio according to stages (P>0.05). The
mean tumor size was the largest in patients with stage 3 at
13.1+5.3 cm (P=0.013). Adrenal functional hormone test
was performed in 60 patients, and 31 presented hormonal
production (P=0.140). The proportion of surgeries

Table 1 Distribution of adrenocortical carcinoma according to the AJCC 8th edition TNM staging

Variables Total (n=94) Stage 1 (n=5) Stage 2 (n=34) Stage 3 (n=19) Stage 4 (n=36) P value*
Age, years (mean + SD) 48.94+13.61 50.4+5.4 49.0+16.1 50.1+13.6 48.1+12.2 0.952
19-30, n (%) 9(9.6) 0 6(17.6) 1(5.3) 2 (5.6) 0.343
31-40, n (%) 17 (18.1) 0 5(14.7) 3(15.8) 9(25.0)
41-50, n (%) 27 (28.7) 3 (60.0) 8 (23.5) 5(26.3) 11 (30.6)
51-60, n (%) 23 (24.5) 2 (40.0) 6(17.6) 7 (36.8) 8(22.2)
61-70, n (%) 13 (13.8) 0 6(17.6) 1(5.3) 6 (16.7)
71-78, n (%) 5(5.3) 0 3(8.8) 2(10.5) 0
Sex, n (%) 0.761
Male 47 (50.0) 3 (60.0) 15 (44.1) 9 (47.4) 20 (55.6)
Female 47 (50.0) 2 (40.0) 19 (55.9) 10 (52.6) 16 (44.4)
Lesion site, n (%) 0.876
Right 42 (44.7) 2 (40.0) 13 (38.2) 8 (42.1) 19 (52.8)
Left 50 (53.2) 3 (60.0) 20 (58.8) 11 (67.9) 16 (44.4)
Bilateral 2(2.1) 0 1(2.9) 0 1(2.8)
Tumor size, cm (mean + SD; range, 2.5-28.0) 11.7+£5.1 4.9+2.0 12.1+£5.0 13.1+£5.3 11.6+4.8 0.013

Table 1 (continued)
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Variables Total (n=94) Stage 1 (n=5) Stage 2 (n=34) Stage 3 (n=19) Stage 4 (n=36) P value*

Hormonal production, n (%) 0.140
None 29 (30.9) 3(60.0) 10 (29.4) 8 (42.1) 8(22.2) 0.398°
Catecholamine 2(2.1) 0 1(2.9 0 1(2.8)
Aldosterone 4(4.3) 1(20.0) 1(2.9) 1(5.3) 1(2.8)
Cortisol 23 (24.5) 0 7 (20.6) 4(21.1) 12 (33.3)
Cortisol + aldosterone 2@2.1) 1(20.0) 0 0 1(2.8)
Not examined 34 (36.2) 0 15 (44.1) 6 (31.6) 13 (36.1)

Operation, n (%) <0.001
Yes 71 (75.5) 5(100.0) 33(97.1) 14 (73.7) 19 (52.8)
No 23 (24.5) 0 1(2.9) 5(26.3) 17 (47.2)

Mitotane, n (%) 0.917
Yes 54 (57.4) 3 (60.0) 20 (58.8) 9 (47.4) 22 (61.1)
No 40 (42.6) 2 (40.0) 14 (41.2) 10 (52.6) 14 (38.9)

Treatment, n (%) <0.001
None 9(9.6) 0 1(2.9) 4(21.1) 4(11.1)
Surgery only 15 (16.0) 2 (40.0) 5(14.7) 5(26.3) 3(8.3)
Surgery and adjuvant chemotherapy with 46 (49.0) 3(60.0) 20 (58.8) 8 (42.1) 15 (41.7)

mitotane
Surgery and adjuvant chemotherapy 10 (10.6) 0 8 (23.5) 1(5.3) 1(2.8)
without mitotane

Chemotherapy with mitotane 8 (8.5) 0 0 0 6(16.7)
Chemotherapy without mitotane 6 (6.4) 0 0 1(5.3) 7 (19.4)

RO resection, n (%) 61 (64.9) 5(100.0) 33(97.1) 12 (63.2) 11 (30.6) <0.001

Recurrence, n (%) 0.152
Yes 38 (62.3) 2 (40.0) 19 (567.6) 7 (58.3) 10 (90.9)
No 23 (37.7) 3 (60.0) 14 (42.4) 5(41.7) 1(9.1)

Disease-free survival, months (mean + SD; 37.5+49.8 51.6+£27.8 49.9+60.2 24.6+31.5 7.8+7.2 0.062

range, 0-280)

T, surgery was not possible due to a medical condition not related to adrenocortical carcinoma; *, P value means a statistically significant
difference between stages; §, P value excluding patients who were not examined. AJCC, American Joint Committee on Cancer; TNM,
tumor-node-metastasis; SD, standard deviation.

performed presented significant differences between the
stages (P<0.001). Surgery was performed in 100%, 97.1%,
73.7%, and 52.8% of patients with stages 1, 2, 3, and 4,
respectively. The proportion of patients administered
mitotane for the ACC treatment did not significantly differ
according to each stage (P=0.917). There was a statistically

© Gland Surgery. All rights reserved.

significant difference in the multidisciplinary treatment
methods for each stage (P<0.001). Radiation treatment
was performed in 18 patients (19.1%). In this study, we
did not include this as a part of treatment evaluation since
the distribution of radiation were broad with very small
number in each treatment group. The higher the stage, the
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Figure 1 Ratio of curative and palliative therapy and recurrence rate according to the stage of patients with ACC. ACC, adrenocortical

carcinoma; Curative Tx, curative therapy; Palliative Tx, palliative therapy; Surg, surgery; Adj CTx, adjuvant chemotherapy; Mi, mitotane;

No Tx, No therapy; Pal Surg, palliative surgery; CTx, chemotherapy; Recur, recurrence.

higher the PIt rate in which the surgical approach was not

applicable. The RO resection rates were 100% in stages 1
and 97.1% in stage 2, 63.2% in stage 3, and 30.6% in stage
4 (P<0.001). The DFS was not statistically significant but
was decreasing with the increasing stage (P=0.062).
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The CTr and PTr rates and recurrences accordingly

to each stage are shown in Figure 1. In stage 1, CTr was

possible in all five patients. Among them, one of two

patients who underwent only surgery and one of three

patients who received adjuvant chemotherapy (adj-CTx),
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including mitotane after surgery, had recurrences. In stage
2, one of 34 patients received PIr, and this patient could
not undergo surgery due to severe underlying medical
conditions. In case of recurrent ACC in stage 2, 1 of
5 patients (20%) who underwent surgery only, 13 of
20 patients (65%) who underwent adj-CTx with mitotane
after surgery, and five of eight patients (62.5%) who
underwent adj-CTx without mitotane after surgery showed
ACC recurrence. In stage 3, 36.8% of patients underwent
PTr, and 41.7% of patients who received CIr underwent
surgery only. Moreover, 60% of patients who underwent
surgery only and 66.7% of patients who underwent adj-
CTx with mitotane after surgery showed recurrence. One
patient with stage 3 underwent adj-CTx without mitotane
and did not show any recurrence. In stage 4, the proportion
of patients who underwent PTr was 69.4%, and adj-CTx,
including mitotane, was performed after surgery in all 11
patients who underwent CTr. Of these, ten patients (90.9%)
showed recurrence.

We analyzed the trend of demographic and clinical
features of ACC into 5-year units according to the year of
diagnosis (Table 2). There was no statistically significant
change in the mean age or distribution of age groups
(P>0.05). Since 2011, five patients aged >70 years have
had ACC. The male-female ratio was maintained at a
similar rate with no statistically significant difference
(P=0.517). The distribution of ACC stages presented
no statistical differences; however, the proportion of
patients with stages 3 and 4 was higher than those with
stages 1 and 2 in the overall population and the 5-year
periods (P=0.950). The mean tumor size did not show a
statistically significant difference according to the annual
trend (P=0.077). However, the mean tumor size was larger
in the 2001-2005 unit and then decreased slightly in
every subsequent 5-year unit. Hormone test was actively
performed since late 2010. Adrenal functional hormone test
was gradually performed since then, and the proportion of
hormonal production presented uniform rate (P=0.976).
The percentage of patients with ACC who underwent
surgery was >70% except for the first 5 years. Mitotane use
showed a significant difference according to the 5-year unit
(P<0.001). Between 1996 and 2000, only 7.7% underwent
mitotane therapy, but it gradually increased thereafter,
and during the last 5 years, 68.4% of patients underwent
mitotane therapy. The multidisciplinary treatment method
showed a significant difference in the periods (P<0.001). In
the early periods, mitotane was not used well in addition to
adjuvant chemotherapy after surgery or PIr, as mitotane

© Gland Surgery. All rights reserved.
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use was observed in only 7.7%. However, the rate of
mitotane use increased in the later periods, in which the
rates of surgery and adjuvant chemotherapy with mitotane
and chemotherapy with mitotane increased up to 57.9%
and 10.5%, respectively. The RO resection and recurrence
rates showed no differences throughout the study period
(P>0.05). Interestingly, the DFS interval shortened over
time (P=0.041).

Figure 2 shows the change over time by dividing the
data of Figure I into 5-year units. In stages 1 and 2, CTr
was performed in all except one case where surgery was
not performed due to a poor medical condition in the
entire period. From 1996 to 2000, CTr was possible in 5 of
13 patients. One of two patients with stage 3 underwent
CTx, but there was no recurrence. Between 2001 and 2005,
9 of 11 patients underwent CTr. Of these, three patients in
stage 2 received adj-CTx without mitotane after surgery,
but all relapsed. In stages 3 and 4, recurrence occurred
in two patients who underwent surgery only, and 50% of
patients who underwent adj-CTx with or without mitotane
after surgery had recurrences. From 2006 to 2010, among
patients with stages 1 and 2, two who underwent surgery
only did not show recurrence, and 50% of patients who
underwent adj-CTx with or without mitotane therapy after
surgery had recurrences. Between 2011 and 2015, among
23 patients who underwent CTr, only one underwent
surgery only, and the remaining 22 patients underwent adj-
CTx with or without mitotane after surgery. From 2016 to
2020, two of three patients who underwent CTr in stage 3
had recurrences, and two patients who underwent CTr in
stage 4 had recurrences.

Discussion

We have evaluated the prognostic outcomes and treatment
modality trend changes of ACC patients according to the
stages and periods. In this study, the mean age at diagnosis
of ACC was 48.9 years, and there was no significant
change in the mean age throughout the period (P=0.952).
These results are similar to those of other previous studies
(10,36,37). The sex ratio was equal in this study compared
to other previous studies that showed a larger proportion
of women (9,10,38,39). Tumor size was not statistically
different, although it decreased over time (P=0.077). It
may be due to advances in diagnostic technology and
early diagnosis. However, as shown in Table 2, there was
inconsistency in our study that stage 4 patients were the
most in recent years.
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Table 2 Annual trend of demographic features of patients with adrenocortical carcinoma

Variables 1996-2000 (n=13) 2001-2005 (n=11) 2006-2010 (n=17) 2011-2015 (n=34) 2016-2020 (n=19) P value'

Age, years (mean + SD) 46.4+£15.4 48.5+11.8 44.0£10.4 53.7+12.5 46.8+16.3 0.114
19-30, n (%) 2 (15.4) 0 2(11.8) 2(5.9) 3(15.8) 0.455
31-40, n (%) 3(23.1) 3(27.3) 4 (23.5) 3(8.8) 4 (21.1)

41-50, n (%) 3(23.1) 4 (36.4) 7(41.2) 10 (29.4) 3(15.8
51-60, n (%) 2 (15.4) 1(9.9) 4 (23.55) 10 (29.4) 6 (31.6)
61-70, n (%) 3(23.1) 3(27.9) 0 6(17.6) 1(5.3)
71-78, n (%) 0 0 0 3(8.8) 2(10.5)

Sex, n (%) 0.517
Male 5 (38.5) 5 (45.5) 7(41.2) 21 (61.8) 9 (47.4)

Female 8 (61.5) 6 (54.5) 10 (58.8) 13(38.2) 10 (52.6)

Stage, n (%) 0.950

1 0 0 1(5.9) 3(8.8) 1(5.3)
2 4 (30.8) 3(27.3) 7 (41.2) 14 (41.2) 6 (31.6)
3 2 (15.4) 3(27.9) 4 (23.5) 6(17.6) 4 (21.1)

4 7 (53.8) 5 (45.5) 5 (29.4) 11 (32.4) 8 (42.1)

Lesion site, n (%) 0.057
Right 9 (69.2) 5 (45.5) 7 (41.2) 11 (32.4) 10 (52.6)

Left 4 (30.8) 6 (54.5) 8 (47.1) 23 (67.6) 9 (47.4)
Bilateral 0 0 2(11.8) 0 0

Tumor size, cm (mean + SD; 11.9+6.7 15.044.0 13.0+4.1 10.8+5.4 10.2+4.0 0.077

range, 2.5-28.0)

Hormonal production, n (%) 0.002
None 0 0 7(41.2) 14 (41.2) 8 (42.1) 0.976
Catecholamine 1(7.7) 0 1.9 0 0
Alodosterone 0 0 0 2 (5.9) 2(10.5)

Cortisol 1(7.7) 2(18.2) 4 (23.5) 10 (29.4) 6 31.6)
Cortisol + aldosterone 0 0 1(5.9 1(2.9 0
No examed 11 (84.6) 9(81.8) 4 (23.5) 7 (20.6) 3(15.8)

Operation, n (%) 0.088
Yes 6 (46.2) 9(81.8) 15 (88.2) 27 (79.4) 14 (73.7)

No 7 (53.8) 2(18.2) 2(11.8) 7 (20.6) 5 (26.3)

Mitotane, n (%) <0.001
Yes 1(7.7) 5 (45.5) 5(29.4) 30 (88.2) 13 (68.4)

No 12 (92.3) 6 (54.5) 12 (70.6) 4(11.8) 6 (31.6)

Table 2 (continued)
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Variables

19962000 (n=13) 2001-2005 (n=11) 2006-2010 (n=17) 2011-2015 (n=34) 2016-2020 (n=19) P value’

Treatment, n (%)

None 3(23.1) 1(9.1)
Surgery only 3(23.1) 2(18.2)
Surgery and adjuvant
chemotherapy with mitotane 1@.7) 4(36.4)
Surgery and adjuvant
chemotherapy without mitotane 2(154) 373y
Chemotherapy with mitotane 0 19.1)
Chemotherapy without mitotane 4 (30.8) 0
RO resection, n (%) 5(38.5) 9(81.8)
Recurrence, n (%)
Yes 2 (40.0) 9 (100.0)
No 3 (60.0) 0
Disease-free survival, months
’ 71.6+118. 1+6.
(mean + SD; range, 0-280) 6+118.0 8.126.5
Follow-up duration, months 43.6+95.4 95 7429.8

(mean + SD; range, 0-280)

<0.001
2(11.8) 2(5.9) 1(5.3)
6 (35.3) 1(2.9) 3(15.8)
5 (29.4) 25 (73.5) 11 (57.9)
4 (23.5) 1(2.9) 0
0 5 (14.7) 2 (10.5)
0 0 2 (10.5)
12 (70.6) 23 (67.6) 12 (63.2) 0.219
0.117
6 (50.0) 14 (60.9) 7 (58.3)
6 (50.0) 9 (39.1) 5 (41.7)
62.8+60.5 35.8+32.1 23.2+22.7 0.041
54.2+59.5 41.3+39.4 24.8+23.2 0.435

T, P value means a statistically significant difference between trends over time; *, P value excluding patients who were not examined. SD,

standard deviation.

As a result of analyzing the trend of ACC over the past
20 years in this study, the largest change was mitotane use.
The rate of mitotane use, which was only 7.7% initially,
has increased to 68.4% recently (P<0.001). There was a
significant increase in the number of cases where mitotane
was used as an additional therapy to adjuvant chemotherapy
after surgery, from 7.7% to 57.9%. Mitotane is currently the
only drug approved for ACC treatment (17,19,20,24,34,40).
However, to date, the therapeutic effect of mitotane on
ACC has been controversial (31-34). In a retrospective
cohort study of 177 patients diagnosed with ACC who
underwent radical surgery, the group that used mitotane as
an adjuvant treatment after surgery significantly increased
recurrence-free survival (RFS) compared to the group that
did not use mitotane (17). Another retrospective study
of 152 patients with non-metastatic ACC also reported a
significant increase in RFS in the group using mitotane after
surgery and a low risk of recurrence (41). However, another
study that analyzed 105 patients with ACC reported little
effect of mitotane in ACC treatment (42).

In this study, the rate of mitotane use significantly

© Gland Surgery. All rights reserved.

increased over time, but the DFS period was rather
decreased despite no change in stage distribution, tumor
size, and RO resection rate. Although these results may be
due to early detection made possible due to high-quality
image studies, they show that the therapeutic effect on ACC
has not been proven despite the increased use of mitotane.
A study analyzing 602 patients with ACC also reported no
change in 5-year survival rates for patients with ACC from
1988 to 2002 (37). Even after mitotane has been widely used
clinically in patients with ACC, it does not appear to affect
overall survival in patients with ACC (17,33,34).

Therefore, cytotoxic agents, such as etoposide, cisplatin,
and streptozocin, have been used together with mitotane
for a long time as adj-CTx after surgery, and some studies
have reported that this treatment is effective and prolongs
progression-free survival (21,43-45). Among them,
the most preferred method is the combination of low-
dose mitotane with etoposide, doxorubicin, and cisplatin
(18,43,46-48). However, studies have also reported that
these chemotherapeutic agents do not prolong the overall
survival of patients with ACC (49,50). Recently, multiple
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1996-2000
N=13

2001-2005
N=11

2006-2010
N=17

© Gland Surgery. All rights reserved.

Surg N=3, 75% > Recur N=1, 33.3%
Stage 2 N Curative Tx
N=4 - N=4
Surg Adj CTx (+Mi) N=1, 25% > Recur N=1, 100%
Stage 3 Curative Tx (N=1, 50%) > Surg Adj CTx (-Mi) N=1
N=2
Palliative Tx (N=1, 50%) > No Tx N=1
Pal Surg Adj CTx N=1, 14.3%
Stage 4 N Palliative Tx o . o
Ne7 > Ne7 > CTx (-Mi) N=4,57.1%
No Tx N=2, 28.6%
t 2 tive T
Stage > Curative Tx >| Surg Adj CTx (—Mi) N=3 |—>»| Recur N=3, 100%
N=3 N=3
— | Surg N=1 »| Recur N=1, 100%
Stage 3 - Curative Tx L
N=3 - N=3
—>| Surg Adj CTx (-Mi) N=2 > Recur N=1, 50%
— | Surg N=1, 33.3% > Recur N=1, 100%
Curative Tx (N=3, 60%) [
—>| Surg Adj CTx (+Mi) N=2, 66.7% > Recur N=1, 50%
Stage 4
N=5
_ 5| CTx (+Mi) N=1,50%
Palliative Tx (N=2, 40%) —
—>| NoTx N=1, 50%
Stage 1 o Curative Tx -
N=1 ” N=1 >| Surg N=1
_ 5| surg N=1, 14.3%
Stage 2 > Curative Tx >| Surg Adj CTx (+Mi) N=2,28.6% |—> RecurN=1,50%
N=7 N=7
> Surg Adj CTx (-Mi) N=4,57.1% > Recur N=2, 50%
— 3| Surg N=2, 66.7% »| Recur N=1, 50%
—>| Curative Tx (N=3, 75%) [—|
Stage 3 —>| Surg Adj CTx (+Mi) N=1, 33.3% »| Recur N=1, 100%
N=4
> Palliative Tx (N=1, 25%) > No Tx N=1
—»| Curative Tx (N=1, 20%) > Surg Adj CTx (+Mi) N=1 > Recur N=1, 100%
Stage 4 Pal Surg N=2, 50%
N=5
—>| Palliative Tx (N=4, 80%) >| Pal Surg Adj CTx (+Mi) N=1, 25%
No Tx N=1, 25%
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Surg N=1, 33.3% > Recur N=1, 100%
Stage 1 > Curative Tx
N=3 N=3
Surg Adj CTx (+Mi) N=2, 66.7% > Recur N=1, 50%
Surg Adj CTx (+Mi) N=12, 92.3% > Recur N=8, 66.7%
—>| Curative Tx (N=13, 92.9%) {
Stage 2 Surg Adj CTx (-Mi) N=1,7.7%
N=14
> Palliative Tx (N=1, 7.1%) > No Tx N=1
2011-2015 | | —»| Curative Tx (N=2, 33.3%) > Surg Adj CTx (+Mi) N=2
N=34
t
|| Stage3 Pal Surg N=2, 50%
N=6 >
—>| Palliative Tx (N=4, 66.7%) > Pal Surg Adj CTx (+Mi) N=1,25%
No Tx N=1, 25%
Curative Tx (N=5, 45.5%) »| Surg Adj CTx (+Mi) N=5 > Recur N=4, 80%
> Stage 4
N=11 Pal Surg Adj CTx (+Mi) N=2, 33.3%
Palliative Tx (N=6, 54.5%) {
No Tx N=4, 66.7%
— 5| Stagef > Curative Tx > Surg Adj CTx (+Mi) N=1
N=1 N=1
Surg N=1, 16.7%
Stage 2 > Curative Tx
N=6 N=6
Surg Adj CTx (+Mi) N=5, 83.3% > Recur N=3, 60%
2016-2020 Surg N=2, 66.7% > Recur N=1, 50%
N=19 ] Curative Tx (N=3, 75%) {
Stage 3 Surg Adj CTx (+Mi) N=1, 33.3% > Recur N=1, 100%
N=4
Palliative Tx (N=1, 25%) > No Tx N=1
Curative Tx (N=2, 25%) > Surg Adj CTx (+Mi) N=2 > Recur N=2, 100%
L »| Stage4 Pal Surg Adj CTx (+Mi) N=2, 33.3%
N=8
Palliative Tx (N=6, 75%) > CTx (+Mi) N=2, 33.3%
L’ CTx (-Mi) N=2, 33.3%

Figure 2 Rates of curative and palliative therapy and recurrence rate according to the stage of patients with ACC by periods of 5 years.
ACC, adrenocortical carcinoma; Curative Tx, curative therapy; Palliative Tx, palliative therapy; Surg, surgery; Adj CTx, adjuvant
chemotherapy; Mi, mitotane; No Tx, No therapy; Pal Surg, palliative surgery; CTx, chemotherapy; Recur, recurrence.
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trials are ongoing to evaluate the role of immune checkpoint
inhibitors, such as anti-cytotoxic-T-lymphocyte-associated-
antigen 4 (anti-CTLA-4), anti-programmed death-1 (anti-
PD-1), and anti-PD-ligand-1 (PD-L1) antibodies (48,51-54).
In relation to recurrences, surgical approach such as open
abdominal surgery and minimally invasive surgery including
laparoscopic and robotic surgery may have impact on
recurrences (55). However, in this study, minimally invasive
surgery was performed only in stages 1 and 2, and the
number of cases was too small to compare the prognosis
according to the surgical method.

A limitation of this study is that it has the possibility of
selection bias as it is a retrospective study. Additionally, this
study was conducted in a single institution. For prognosis,
extra-adrenal metastatic lesions were not individually
considered related to recurrences and multidisciplinary
treatment since it was a retrospective study. Lastly, selection
bias may have been included in the patients who received
non-surgical treatment such as chemotherapy with mitotane
who had no pathologic confirmation. However, we believe
that this study is valuable because it provides trend changes
in multidisciplinary treatment methods of ACC and those
related to prognostic outcomes.

Conclusions

The proportion of patients with ACC and stage distribution
did not differ over 24 years in our study. Mitotane use
has increased recently; however, the prognostic outcomes
were not significantly improved even with the use of
mitotane and adjuvant chemotherapy. The recurrence rate
was presented in a uniform pattern even after C'Ir during
the study period. ACC still presents an extremely poor
prognosis, and further prospective studies are needed for
these patients.
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