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Adrenocortical carcinoma is an orphan disease usually associated with a poor prognosis. Surgery is the only treatment
with a curative intent, leaving systemic therapy mainly for the purpose of symptom control. First line combination chemo-
therapy with Etoposide, Doxorubicin, Cisplatin and Mitotane (EDP-Mitotane) is considered the standard of care, although
this regimen is not associated with an overall survival benefit. Due to the rarity of the disease no standard therapy exists in
the second line or when patients are intolerant to the first line treatment. Therefore, treatment of these patients is usually
following a very individual path in daily practice. Our aim was to retrospectively analyze treatment of patients with adreno-
cortical carcinoma in our tertiary center and compare treatment outcomes with reports in the literature. Our findings reflect
the daily practice in adrenocortical carcinoma treatment and showed that surgery is the mainstay of therapy, even in some
cases with metastatic disease. Adjuvant therapy in adrenocortical carcinoma was initiated less frequently than suggested
by current guidelines. Furthermore, most of the patients in our cohort received more than one line of chemotherapy for
metastatic or inoperable disease with overall survival rates comparable to those published. In summary, our analysis stresses
the importance of clinical trial activity in this rare disease in order to standardize and improve adrenocortical carcinoma

therapy more profoundly.
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Adrenocortical carcinoma (ACC) is a rare disease with an
incidence of 2 cases per million people per year [1]. Surgery
is the standard therapy for resectable disease although many
patients are not eligible for surgery at diagnosis [2, 3] and
approximately 80% of patients relapse after surgery [4].
The high frequency of disease recurrence, the substantial
number of patients who are not resectable at baseline and the
generally poor prognosis of patients with metastatic disease
contribute to the overall devastating clinical outcome [5].
Undoubtedly there is a high medical need for improving ACC
therapy, however little progress has been made over the past
years to improve systemic treatment. Most clinical studies to
date are either retrospective analyses or small phase II trials,
which cannot provide level I medical evidence. To date, only
a single randomized phase III trial in advanced ACC has
been conducted so far [6]. No difference in overall survival
was seen between the two treatment arms. However, combi-
nation chemotherapy with EDP-M (Etoposide, Doxoru-

bicin, Cisplatin and Mitotane), showed a significantly better
response rate (20%) and progression free survival (5 months)
than Sz-M (Streptozotocin and Mitotane) (8% and 2.1
months) therefore considering EDP-M as the standard care
the in first line in metastatic ACC. Although on average ACC
patients have a dismal prognosis, reports suggest quite some
variability for individual patients with regard to their clinical
course. Overall survival of stage IV ACC can range from 9
to 25 months depending on a number of prognostic factors
[7]. This heterogeneity seems to be even more evident in
patients receiving mitotane therapy with a survival ranging
from 2 to 190 months suggesting that systemic therapy can
have an impact on survival [8]. Contributing factors for a
variable outcome are the underlying biology of the disease
and presumably the impact of treatment at least for some
patients. In this retrospective analysis, we have evaluated
clinical data, treatment and outcome in 49 patients with ACC
treated in our center from 1996 to 2014.
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Patients and methods

Patients. Individual patient charts were retrieved from our
clinical data bank at our tertiary center. Patients with adreno-
cortical carcinoma with either localized or advanced disease
were included. Relevant clinical, laboratory and pathological
data were collected. Diagnosis was established following the
Weiss criteria used to diagnose adrenocortical neoplasm [9].
Resection margins were assessed from pathological reports
and surgical reports. Radiological scans were reviewed when
treatment response was not stated in the clinical charts.
Response evaluation was performed according to RECIST
1.1 whenever possible [10]. Patients were either grouped
as responders (stable disease or better) or non-responders
(progressive disease). Resection margins were classified
as RO (resection margins free of microscopic disease), R1
(microscopic evidence for residual malignancy at the resec-
tion margin) or R2 (macroscopic positive margins). Overall
survival was defined as the time between diagnosis and death.
Progression-free survival was defined as the time between
diagnosis and progression or death, or last visit for patients
alive without progression. Time-to-progression is defined as
the time between the start with chemotherapy and progres-
sion, or death or last visit for patients without progression.
Time-to-progression was analyzed separately in two distinct

Table 1. Patient characteristics.

T-stage total n=45
1 n=7 15.6%
2 n=13 28.9%
3 n=15 33.3%
4 n=10 22.2%
N-stage total n=30
0 n=17 56.7%
1 n=13 43.3%
Variable total n=49
No metastasis n=17 34.7%
Synchronous metastasis total n=19 38.8%
Metachronous metastasis total n=13 26.5%
Metastatic sites synchronous
Liver n=11 22.5%
Lung n=13 26.5%
Lymph nodes n=9 18.4%
Skeletal n=2 4.1%
Other (pleura, pancreas, CNS, colon, kidney) n=>5 10.2%
Metastatic site metachronous
Liver n=16 32.7%
Lung n=19 38.8%
Lymph nodes n=12 24.5%
Skeletal n=4 8.2%
Other (pleura, pancreas, CNS, spleen, n=13 26.5%

stomach, muscle, peritoneal, colon, kidney)

Abbreviations: CNS; central nervous system.

patient groups: patients receiving palliative chemotherapy
and patients receiving mitotane in adjuvant setting.

Statistical analysis. Summary statistics are presented as
frequencies and percentages for categorical variables. Kaplan-
Meier estimates are used for estimating overall survival,
progression-free survival or time-to-progression. Summary
statistics for follow-up time are based on the Kaplan-Meier
estimate of potential follow-up [11]. Cox regression models
are used to analyze the association between prognostic
factors and outcome. Considering the multivariable analysis,
a stepwise selection procedure was applied for selecting a
set variables as independent predictors of outcome (overall
survival and progression-free survival). Results are presented
as hazard ratios (HR) with 95% confidence intervals (CI).
Analyses were performed using SAS software (version 9.4 of
the SAS System for Windows).

Results

Patient characteristics. A total of 49 patients were included
in this study. The median age at diagnosis was 47 years (range:
3 to 81 years) and more female patients (n=32; 65%) than
male patients (n=17; 35%) were identified. More tumors were
located at the right adrenocortical gland (25/49; 51%) than on
the left side (24/49; 49%). Hormonal excess was diagnosed in
29% of the cases. In 65% of the patients the tumor was classi-
fied as being non-functional. For a minority of the patients
(6%) the hormonal status was not investigated at initial
presentation due to the lack of endocrine related symptoms.
Most of the tumors were aldosterone (24%) secreting.
Cortisol (20%) and androgen (14%) excess was identified
less frequently. The initial tumor stage is outlined in Table 1.

Follow up and treatment. Approximately, one third of the
patients (n=17; 34.6%) had no metastatic disease at presenta-
tion. Two thirds of the patients had metastatic disease occur-
ring either synchronous (38.8%) or metachronous (26.5%).
The most prevalent metastatic sites where liver, lung, lymph
nodes and bone, however patients with metachronous metas-
tasis more frequently presented with unusual metastatic
localizations like pancreas, central nervous system or muscle
metastasis. The median time to the occurrence of metachro-
nous metastasis was 20 months (range: 3 to 61 months). The
vast majority of the patients (n=41/49) underwent surgical
resection, with only 8 patients not being operated due to the
extensive metastatic disease. Surgical resection was either
with curative intent or with the aim of tumor debulking to
gain better control of hormonal excess. A complete resection
was achieved in 30/41 patients (75%). In 8 out of 41 patients
(20%) surgery was repeated at the time of relapse. In 19 out of
41 patients (46%) who underwent resection, surgery was the
only treatment modality. For the remaining 22 patients (54%)
treatment with mitotane was initiated, either adjuvant (n=13)
or additive (n=9) following incomplete resection. A total of
23 patients were disease free, either with surgery or surgery
in combination with mitotane therapy. The majority of the
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Table 2. Chemotherapy protocols for palliative treatment (n=22).

Chemotherapy Number of patients
Mitotane 7
Mitotane-EDP 7
CAP 2
Cisplatin/Etoposide 4
EDP 2

Lines of treatment Number of patients
1 line 7
2 lines 7
3 lines 8

Abbreviations: CAP: cyclophosphamide adriamycin cisplatin, EDP: etopo-
side doxorubicin cisplatin.

patients who received adjuvant mitotane therapy relapsed
(n=9/13). A total of 22 patients in our cohort received pallia-
tive therapy either upfront (n=8) or at the time of relapse
(n=14). The chemotherapy protocols used are outlined
in Table 2. A total of 7 patients received 1 line of palliative
therapy (32%), 7 patients received two lines of systemic treat-
ment (32%). Eight patients received more than 2 lines (36%)
with one patient even receiving 9 lines of different systemic
therapy (5%). The majority of patients received EDP-M
chemotherapy in the first line and a 5FU based regimen in the
second line. Protocols in the 3rd line or later were doxorubi-
cine monotherapy (n=1), carboplatinum (n=1), gemcitabine/
xeloda (n=1), carboplatinum/taxol (n=1), 5FU monotherapy
(n=1) and sunitinib (n=1). Two patients were included in a
phase I study with a PI3K inhibitor, which evaluated safety
and pharmacokinetics of pilaralisib in patients with advanced
solid tumors or relapsed/refractory lymphoma [12]. Unfor-
tunately, none of the included patients showed an objective
response. Best tumor response in patients receiving chemo-
therapy was stable disease according to RECIST 1.1.
Outcome. At last follow-up, 17 of 49 patients had died
(35%) and 32 patients were still alive. After a median follow-
up of 3.6 years the median overall survival of all patients
was 3.8 years with an estimated 5-years survival rate of 48%
(95% CI 29.5-64.7%). For patients receiving mitotane in the
adjuvant setting we saw a median progression free survival of
1.4 years (95% CI: 0.33-2.9) and a median overall survival of
2.9 years with a 5 year estimated overall survival rate of 39%
(95% CI: 12.6-65%). Patients receiving palliative therapy had
a median overall survival of 1.8 years with a median time to
progression of 5 months (95% CI: 3-10 months) following
the first line therapy. Univariate analysis revealed a signifi-
cant association of higher T stage (HR: 2.989; p=0.0009),
positive resection margins (HR: 3.883; p=0.05) and synchro-
nous metastasized disease (HR: 2.326; p=0.001) with shorter
overall survival (Figure 1). Synchronous metastatic disease
was identified as the only independent risk factor for shorter
overall survival (HR: 13.448; p=0.093). No evidence was
found for an association between overall survival and
surgery at relapse (0.199; p=0.117), hormonal excess (HR:

T-Stage
100
80
9
= 60
o
2
E 40
7}
20
T-Stage—1 —2
0 —3 —4
0 1 2 3 4 5 6 7 8
Numbers at risk Years
1 7 3 2 2 1 1 1 1 1
2 13 1 10 8 6 6 4 3 3
3 15 8 3 3 2 1 0 0 0
i 10 5 2 0 0 0 0 0 0
Resection margins
100
80
S
= 60
©
2
E 40
7}
20
Resection margins — neg
0 — pos|
0 1 2 3 4 5 6 7 8
Years
Numbers at risk
30 20 13 11 9 8 5 4 4
4 2 1 1 0 0 0 0 0
Metastasis
100
80 |
< 60
©
2
2 40
3
7}
20
Metastasis — Synchronous
0 — Metachronous
0 1 2 3 4 5 6 7 8
Years
Numbers at risk
19 10 2 0 0 0 0 0 0
13 12 10 ] 5 4 3 2 1

Figure 1. Kaplan Meier survival analysis. Kaplan Meier plot illustrating
the correlation between overall survival and T-stage, resection margins
or metastatic disease over time.

1.046; p=0.9381), or nodal involvement (HR: 2.802; p=0.078)
neither did we find evidence of an association between the
use of chemotherapy and time to tumor progression or
overall survival (HR: 2.284; p=0.107).
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Discussion

ACC is considered not just an orphan disease but also a
disease in which only few studies have been conducted in the
past. As a result, the level of evidence for systemic treatment
is very limited, creating considerable variability in treating
these patients. Our retrospective analysis was conducted in
order to describe the variability in treatment modalities in a
tertiary medical center.

With regard to demographic data, our study cohort
is comparable to previously published data, although we
identified an equal distribution of affected sites and a lower
incidence of hormonal excess [13-16]. Amongst our patients,
only 29% of cases exhibited hormonal excess, compared to
42-76% in other reports [13, 15]. This cannot be explained
by reduced testing, as only in 6% did not undergo hormonal
evaluation. In contrast to our study, previous work has
suggested that hormonal hypersecretion is an independent
risk factor for reduced overall survival [13, 15]. The lower
rate of functional tumors did not result in a better overall
survival in our cohort compared to other cohorts, which
might be attributed to the higher disease stage at diagnosis
seen in our cohort. The fact that non-functional tumors can
grow considerable in size before becoming symptomatic
would explain this correlation. In contrast, hormonal excess
usually enables earlier diagnosis due to its clinical signs. Most
likely our cohort is subjected to a referral bias typically seen
in tertiary health care centers. Bigger tumors pose a surgical
challenge requiring experience and often the full panel of
multimodal treatment strategies, something smaller health
care providers might not be able to provide.

The number of patients undergoing surgical resection is
high in patients with ACC. In our series 83% of the patients
received surgery, which is comparable to results reported by
other groups, with resection rates varying from 80 to 90%
[13, 15]. Most of the patients received a complete resection
of the primary tumor, with resection of metastasis when
complete resection was deemed feasible by the surgeon. In
26% of the patients a R1 or R2 resection was performed,
which is comparable to previous reports [16]. Some centers
advocate even surgical resection at relapse as this might
improve survival, although sound evidence is lacking to
advocate such measures [2, 17, 18]. The number of patients
undergoing re-resection is variable with more than 40% in
one series [2] and only 14% in another [17]. In our series
the rate of surgery after relapse was rather low (20%) and
median overall survival in these patients showed consider-
able variability ranging from 7 to 84 months (median 49
months), suggesting that some patients might benefit from
surgery at relapse. However, due to the lack of prospective
randomized studies such an approach cannot be considered
as standard of care in patients with ACC.

Mitotane is the only drug accepted as an adjuvant therapy
in resected ACC. This is based on sporadic reports and
retrospective studies and is therefore associated with a low

level of evidence [19, 20]. In our cohort adjuvant treatment
was initiated in 31% of the patients, whereas additive treat-
ment was given in 21% of cases in the setting of measur-
able, non-progressing disease after surgery. The number of
patients treated at our center with adjuvant therapy is lower
compared to other centers, where almost 70% of patients
received adjuvant mitotane [13, 15]. We initiated adjuvant
mitotane in patients with T2 stage or higher, of which more
than 50% had stage T3 or T4 disease. However, still 44% of
patients in stage T3 and T4 did not receive adjuvant therapy.
The overall survival of adjuvant treated patients was 2.9 years,
which is lower than 9.1 years reported by Terzolo et al. [21]
or 5.3 years reported by Grubbs et al. [19]. However, a huge
variability in terms of overall survival following adjuvant
therapy with mitotane can be noted, which is most likely
due to the retrospective nature of most analyses. In addition,
most of our patients receiving adjuvant mitotane had stage
III or stage IV disease, as opposed to patients in larger series,
where more than 50% of the patients had stage I or II. This
could possibly be attributed to referral bias, as patients with
more extensive disease or non-typical metastatic sites are
more likely to be referred to a tertiary center. Indeed, more
patients with stage Il or IV disease were referred to us (n=24)
compared to stage I or II (n=11), however this proved to be
of no statistical significance (p=0.095). The lack of a high
level of evidence, the uncertainty with regard to duration of
adjuvant treatment and the poor tolerability in therapeutic
dose ranges might be reasons why fewer patients were treated
with stage III or IV disease, compared to the guidelines or
reports from literature.

For patients receiving palliative chemotherapy the
progression free survival was 5 months (range 3 to 10
months), which is in accordance with the median PFS seen
in patients treated in the FIRM-ACT trial [6]. Despite the
fact that EDP-mitotane is considered the standard of care in
unresectable or metastatic ACC, only 7 patients received this
combination as the first line therapy. Another 7 patients were
treated with mitotane monotherapy. The main reasons for not
choosing combination therapy instead of monotherapy were
reduced performance status of the patients, concerns about
toxicity and the fact that patients were treated before results of
the FIRM-ACT study were publicly available. Although there
is no standard of care in regard to the second line treatment,
more than half of the patients actually received two or more
lines of systemic therapy. Two of the patients in our cohort
even entered a phase I clinical trial. This illustrates that trials
in the second line would be feasible and worthwhile to be
conducted and that there is an unmet medical need for this
population of patients. For the time being, EDP-mitotane
is considered as the first line standard of care in patients fit
enough to undergo combination therapy with 4 drugs. Alter-
natively, Cisplatinum-Etoposide or CAP can be used for
patients intolerant to mitotane or with contraindications for
one or the other drug. In addition, 5FU based chemotherapy
protocols have been used. However as mentioned previously,
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scientific evidence concerning the second and the third line
therapies are scarce. Although clinical trials are evidently
difficult to conduct, owing to the rarity of the disease, several
examples in recent years exist, showing that for rare and even
ultra-rare diseases clinical trials have been conducted in a
multinational effort.

Our single center analysis shows that patients with ACCare
treated in a multidisciplinary approach. Our data reflecting a
real-life setting, show that surgery is not only performed in
a curative intent but also in order to minimize tumor load.
Systemic therapy lacks standardization making it difficult
to interpret overall survival data. Since patients are usually
receiving more than one line of therapy, more clinical trial
activity beyond the first line therapy is desperately needed in
order to improve standardization as well as treatment options
and prognosis in patients with ACC.
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