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Abstract
Adrenocortical carcinoma (ACC) is a rare malignancy with limited data to guide the management of metastatic disease. The
optimal treatment strategies and outcomes of patients with metastatic ACC remain areas of active interest. We retrospectively
reviewed patients with ACC who were treated with systemic therapy between January 1997 and October 2016 at The Ohio State
University Comprehensive Cancer Center. Kaplan-Meier and Cox proportional hazards regression models were used for survival
analysis. We identified 65 patients diagnosed with ACC during the given time period, and 36 patients received systemic therapy
for distant metastatic disease. Median age at diagnosis was 50 (range 28–87). Median overall survival (OS) from time of
diagnosis of ACC was 27 months (95% CI 19.6–39.3), and median OS from time of systemic treatment for metastatic disease
was 18.7 months (95%CI 9.3–26.0). Clinical characteristics at time of initiation of systemic therapy were assessed, and presence
of bone metastases (p = 0.66), ascites (p = 0.19), lung metastases (p = 0.12), liver metastases (p = 0.47), as well as hormonal
activity of tumor (p = 0.19), were not prognostic for survival. Six patients with liver metastases treated with systemic therapy who
received liver-directed therapy with either transarterial chemoembolization (TACE) or selective internal radiation therapy (SIRT)
had longer survival than those who did not (p = 0.011). Our data expands the knowledge of clinical characteristics and outcomes
of patients with ACC and suggests a possible role for incorporating liver-directed therapies for patients with hepatic metastases.
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Introduction

Adrenal carcinoma (ACC) is a rare tumor with an incidence
reported to be approximately 0.72 per million cases per year,
accounting for 0.2% of all cancer deaths in the USA [1, 2].
Although ACC can develop at any age, there appears to be a
bimodal age distribution [3, 4], with disease peaks before the
age of five and in the fourth to fifth decade of life [5]. In
general, the level of aggressiveness and pace of disease pro-
gression are more rapid in adults than in children. Although
most cases of adult ACC appear to be sporadic, some are
associated with hereditary cancer syndromes such as Li-
Fraumeni syndrome associated with inactivating mutations
of TP53 on chromosome 17p, Beckwith-Wiedemann syn-
drome associated with abnormalities on chromosome 11p15,
and Multiple Endocrine Neoplasia type 1 (MEN1) associated
with inactivating mutations of the MEN1 gene on chromo-
some 11. ACC may be functional, causing Cushing syndrome
and/or virilization, or nonfunctional, presenting as an
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abdominal mass or as an incidental finding. Clinical studies
support surgical resection as the mainstay of treatment, either
with curative or palliative intention [6]. While adjuvant treat-
ment with oral mitotane appears to improve recurrence-free
survival in select patients after curative resection [7, 8], the
benefit of adjuvant radiation remains controversial [9–12].
However, two large recent studies have suggested that select
patients with resected ACC may benefit from adjuvant radia-
tion including patients with positive margins [13, 14].
Identifying patients at high risk for disease recurrence after
curative surgery is an area of active research, with one of the
largest studies conducted in ACC showing that Ki-67% is an
independent prognostic factor for recurrence [15]. Systemic
chemotherapy is generally reserved for advanced unresectable
tumors. Cisplatin and etoposide in combination with doxoru-
bicin and mitotane (EDPM) have demonstrated efficacy in
adrenocortical carcinoma and is an accepted palliative treat-
ment option. Even with optimal treatment, median overall
survival is poor—reported between 12–15months in the land-
mark FIRM-ACT study [16]. Predictive and prognostic
criteria have largely been based on pathological findings, in-
cluding the Weiss score and Helsinki score [17–20]. In 2018,
the first international guidelines were published to guide treat-
ment decisions for patients with this rare cancer and empha-
sized the need for multidisciplinary expert team care and en-
rollment in clinical trials and registries [21]. The prognostic
value of clinical characteristics at the time of treatment initia-
tion and the efficacy of liver-directed therapies such as
transarterial chemoembolization (TACE) or selective internal
radiation therapy (SIRT) in patients with hepatic metastatic
disease is unclear [22–24]. In this study, we report the clinical
characteristics and outcomes of patients with ACC treated at
our center over the course of nearly 20 years.

Methods and Materials

We retrospectively reviewed patients with ACC who were
diagnosed between January 1997 and October 2016 at The
Ohio State University Comprehensive Cancer Center.
Clinical data was extracted from the medical records, includ-
ing patient demographics, presenting symptoms, co-existing
disease, tissue biopsy result, histology, germline and/or somat-
ic genetic test results, treatment modalities, and survival.
Staging was done per the European Network for the Study
of Adrenal Tumors (ENSAT) staging system [25]. The proto-
col was approved by The Ohio State University Institutional
Review Board (#2016C0136). As all research involved mate-
rials (data, documents, and records) that were collected solely
for non-research purposes (i.e., medical treatment or diagno-
sis) and therefore represented only minimal risk research, per-
mission was obtained for a waiver of assent.

Statistical Analysis

Patient characteristics were summarized using descriptive sta-
tistics. Categorical data were summarized as frequency and
percentage and continuous variables as medians and ranges.
Overall survivals (OS) from time of diagnosis of ACC or from
time of systemic treatment for metastatic to death from any
cause were calculated. Patients who were still alive were cen-
sored at the date of last follow-up. For the survival outcomes,
Kaplan-Meier method was used to estimate the median sur-
vival with 95% confidence interval. The associations between
the survival outcomes and the categorical variables were stud-
ied using log-rank test. Cox-regression models were used to
study the associations between the survival outcomes and the
continuous variables. Fisher’s exact test was used to study the
association between categorical outcomes. p values < 0.05
were considered statistically significant. Statistical analysis
was performed using SAS version 9.4 for Windows (SAS
Institute, Cary, NC).

Results

Patient Characteristics

Patient characteristics are detailed in Table 1. A total of 65
patients were identified with diagnosis of ACC treated at our
institution from 1997 through 2016. Fifteen patients had sur-
gical resection for ACC between 1997 and 2006, prior to the
availability of electronic records and therefore had limited
clinical follow-up data available. Median overall survival
(OS) from time of first diagnosis of ACC for the entire cohort
was 27 months (95% CI 19.6–39.3, Supplemental Fig. 1).

Tumor Characteristics and Survival

For patients who underwent surgical resection and had tumor
pathology available for review (N = 46), tumor size was not
associated with OS from time of diagnosis of ACC (HR 1.07,
95% CI 1.00–1.14, p = 0.059). Tumor weight was available
for 32 patients and did not have a significant association with
OS from diagnosis (HR 1.00, p = 0.10). Twenty-seven pa-
tients had sufficient data to derive a modified Weiss score,
and no significant association between OS from diagnosis
and Weiss score was observed (HR 1.28, 95% CI 0.94–1.76,
p = 0.12). There was no significant association between adju-
vant mitotane and recurrence risk (p = 0.60) or survival (p =
0.50); however, only 14 patients received adjuvant mitotane.

Systemic Therapy for Metastatic Disease and Survival

A total of 36 patients received systemic therapy for metastatic
disease (Table 2, Fig. 1). The median OS from time of
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treatment initiation for metastatic disease was 18.7 months
(95% CI 9.3–26.0). The median duration of first-line therapy
was 2.7 months (95% CI 1.7–3.9). Clinical characteristics at
time of initiation of systemic therapy were assessed, and pres-
ence or absence of bone metastases (p = 0.66), ascites (p =
0.19), lung metastases (p = 0.12), liver metastases (p = 0.47),
and hormonal activity of tumor (p = 0.19) were not prognostic

for survival (Table 3). Whether EDP chemotherapy was given
as first-line therapy (n = 21) or beyond (n = 14) did not impact
OS from time of treatment initiation for metastatic disease (p =
0.34). Regimens utilized for treatment of metastatic ACC in
the first-line setting included EDPM/Berruti regimen in 21/36,
single-agent mitotane in 9/36, and clinical trial in 6/36 patients
(with IMC-A12 in three patients, IMC-A12 with temsirolimus
in one patient, AT101 in one patient, and bevacizumab and
sunitinib in one patient). Twenty-three patients received
second-line systemic therapy, which included EDPM in
8/23, mitotane alone in one patient, gemcitabine and capecit-
abine in one patient, cisplatin/etoposide with mitotane in one
patient, cisplatin/etoposide alone in one patient, and clinical
trial in 11/23 patients: nivolumab in three patients, an oral
BH3-mimetic anti-apoptotic compound (AT101) in four pa-
tients, an antibody to insulin-like growth factor receptor
(IMC-A12, cixutumumab) in two patients, thalidomide in
one patient, and docetaxel and the hypoxia-activated prodrug
TH302 in one patient. Additional treatments used beyond the
second-line setting included trifluridine/tipiracil in one patient
on clinical trial; capecitabine and gemcitabine in one patient;
streptozocin single-agent therapy in one patient; and combi-
nation 5FU, bevacizumab, and streptozocin in one patient
followed by clinical trial with AT-101 and then sunitinib at
time of progression.

Maximum SUV on FDG-PET and Survival

Twenty-six patients had fluorodeoxyglucose positron emission
tomography (FDG-PET) performed as part of their care, and all
patients had PET-avid lesions. The maximum SUV uptake
ranged from 4.1–51.6, with median SUV of 12.4. There was
no association between maximum SUV uptake and OS from

Table 2 Association with clinical characteristics and survival for
patients treated with metastatic disease

Characteristic N Association with OS

Systemic therapy for metastatic disease 36

Bone metastasis 9 (25%) p = 0.66

Lung metastasis 25 (69%) p = 0.12

Liver metastasis 23 (64%) p = 0.47

Ascites 4 (11%) p = 0.19

Cushing syndrome at time of diagnosis 14 (40%) p = 0.19

TACE/regional liver-directed therapy 6 (17%) p = 0.011

OS, overall survival; TACE, transarterial chemoeombolization

Fig. 1 Overall survival for patients treated with systemic therapy for
metastatic disease (N = 36). Blue bars indicate 95% confidence interval.
The median OS from time of treatment initiation for metastatic disease
was 18.7 months (95% CI 9.3–26.0)

Table 1 Patient characteristics

Characteristic of patient sample (N = 65) N

Number of patients 65

Age at primary tumor diagnosis
(median, range)

50 (28–87)

Sex

Male 25 (38%)

Female 40 (62%)

ENSAT stage at diagnosis

I 4 (6%)

II 17 (26%)

III 18 (28%)

IV 25 (38%)

Unknown 1 (2%)

Characteristics of patients receiving
systemic therapy for metastatic
disease (N = 36)

Referral to tertiary institution 16 (44%)

Age at systemic treatment
(median, range)

50 (27-79)

Sex

Male 18 (50%)

Female 18 (50%)

ENSAT Stage at Diagnosis

I 1 (3%)

II 8 (22%)

III 7 (19%)

IV 19 (53%)

Unknown 1 (3%)
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time of systemic treatment in 20 patients who received systemic
therapy (HR 1.02, 95% CI 0.98–1.06, p = 0.431).

Liver-Directed Therapy and Survival

Twenty-three patients had liver metastases while receiving
treatment for systemic disease. Six patients received liver-
directed regional therapies, including TACE (n = 2), SIRT (n
= 3), or microwave ablation (n = 1). Five patients had imaging
performed after TACE or SIRT, with near-complete resolution
of liver lesions noted in one case. Median OS from time of
treatment initiation for metastatic disease was longer for pa-
tients treated with TACE or SIRTcompared to those whowere
not (32.4 months (95% CI 17.1–70.2) vs 9.9 months (95% CI
3.3–18.8); (p = 0.011), Fig. 2).

Somatic and Germline Genetics

Five patients had somatic next-generation sequencing muta-
tional analysis performed on tumor specimens. One patient
was found to have the following mutations: TP53 F134C,
EGFR P848L, DAXX A47fs*92, and KDM5C V833fs*21.
Another patient had mutations reported in ATM V2808

fs*49, RICTOR amplification, DNMT3A F384fs*11, and
CTNNB1 W25*. A third patient had CDKN2A loss and was
the only patient to have tumor mutational burden reported
(low, 3 Muts/Mb). Two other patients were found to have
TP53 alterations (V281del in one and splice site 782+1G>A
in another). Seven patients underwent germline testing for
mutational analysis, with three patients having no known
pathogenic mutations. One patient was identified who had
the c.942+3A>T intronic mutation in the MSH2 gene as well
as a variant of uncertain significance (VUS) in PDGFRA
(c.1475A>C). Three other patients were found to have VUS
in various genes: MSH2 (c.138C>G) in one patient; POLD1
VUS in one patient; and BMPR1A gene (c.1318A>G),BRCA1
gene (c.3649T>C),PALB2 gene (c.2474G>C), and TSC2 gene
(c.2866G>A) in the last patient.

Discussion

ACC is a rare tumor, and therefore, data regarding optimal
management and clinical outcomes from rigorous prospective
studies are limited. This study adds to the current body of
literature by reporting the experience of 65 patients treated at
our tertiary care institution, including a detailed account of the
therapeutic strategies used in 36 patients with metastatic dis-
ease. The median survival for patients with metastatic disease
treated in the FIRM-ACT study ranged from 12–15 months
[16]. Here, we observed a median survival of 18.7 months for
patients with metastatic disease from the time of treatment
initiation. In our study, five patients’ surgical specimens were
evaluated for somatic mutations, which showed genetic ab-
normalities in ATM, RICTOR, CTNNB1, DNMT3A,
CTNNB1, TP53, EGFR, DAXX, KDM5C, and CDKN2A.
Incorporating next-generation sequencing technology and liq-
uid biopsies to clinical practice may help identify potential
therapeutic targets.

For the patients in our study who underwent surgery for
localized disease and had follow-up data available, the median
OS of 35.9 months (95% CI 23.1–71.0) is lower than in prior
studies perhaps due to the small numbers available for follow-
up. Surgical resection is the only curative treatment for ACC
and has been the main focus of prior research, specifically the
identification of prognostic markers such as Ki-67 [8, 15, 26],

Table 3 First- and second-line
therapies utilized in the treatment
in patients with ACC

First line (N = 36) Second line (N = 23)

EDPM 21/36 8/23

Mitotane (single agent) 9/36 1/23

Gemcitabine and capecitabine – 1/23

Cisplatin and etoposide (+/−mitotane) – 2/23

Clinical trial 6/36 11/23

ACC, adrenal cortical carcinoma; EDPM, mitotane plus etoposide, doxorubicin, and cisplatin

Fig. 2 Overall survival patients with liver metastases treated with
regional therapy (N = 23). Median OS from time of treatment initiation
for metastatic disease was longer for patients treated with TACE or SIRT
(N = 6) compared to those who were not (N = 17) (32.4 months (95% CI
17.1–70.2) vs 9.9 months (95% CI 3.3–18.8); (p = 0.011))
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the role of adjuvant mitotane [8] and radiation [11], and the
role of surgery for recurrent or oligometastatic disease [27].
Outcomes from surgery vary, with reported median 5-year
overall survival rates ranging from 27 [28] to 58% in longitu-
dinal studies [29].

Systemic treatment for patients with metastatic disease of-
ten includes palliative mitotane given in combination with
etoposide, doxorubicin, and cisplatin based on a large ran-
domized, controlled, open-label trial [16]. There is no standard
treatment for disease refractory to first-line combination che-
motherapy, with several studies showing an overall low effi-
cacy rate associated with gemcitabine-based therapy [30, 31].
In our study, the median OS of 18.7 months from start of
treatment for metastatic disease compares favorably to pub-
lished data from randomized clinical trials [16], as well as
trials with larger patient numbers collected from databases
[26]. This may be due in part to availability of—and a high
rate of participation in—clinical trials and multi-modality and
multi-disciplinary care. In our study, the presence of ascites,
bone metastases, liver metastases, functional tumor, and
choice of first-line systemic regimen were not associated with
OS. There was no association between maximum SUVuptake
on PET imaging and OS which is consistent with the literature
[32]. These findings should be considered in the context of
prior larger studies including the previously documented as-
sociated between hormonal activity of ACC and worse clini-
cal outcomes [33, 34].

Liver-directed therapies such as TACE and SIRT have lim-
ited data in the treatment in ACC [22–24]. These therapies
have traditionally been better evaluated as part of the treat-
ment of patients with hepatocellular carcinoma [35] as well as
liver metastases from colorectal cancer [36] and neuroendo-
crine tumors [37–39]. In our study, six patients with liver
metastases who received liver-directed therapy with either
TACE or SIRT had significantly prolonged survival compared
to 17 patients who did not (p = 0.011). This may be reflective
of the natural underlying biology in those patients, relatively
low extra-hepatic metastatic burden, or due to the effect of
local therapy with TACE or SIRT. Due to the small number
of patients, this would need to be evaluated in larger prospec-
tive trials; however, the outcomes seen in these patients de-
serves further investigation.

Recent genomic characterization has shed light on possible
treatment options but thus far, these are all investigative [40].
Interestingly, one study has shown a higher tumor mutational
burden in metastatic ACC lesions compared to the primary
tumors [41]. Despite this, the response rate to single-agent
immunotherapy in trials is low [42]. Other promising thera-
pies include insulin growth factor targeting therapies which
have been investigated in early phase clinical trials [43] but
despite early promise, IGF-1R directed treatment did not im-
prove survival compared to placebo in a placebo-controlled
phase 3 trial [44]. This reflects the ongoing need for novel

therapies as evidenced by the large number of patient in our
study who received treatment on a clinical trial.

There are several limitations to our study, including the
small sample size, that all patients were treated at a single
institution, and the lack of known prognostic measures such
as Ki-67% and Weiss Criteria for many patients The signifi-
cant amount of patients treated on clinical trial may also intro-
duce a bias toward patients with better performance status,
preserved organ function, and lack of significant comorbidi-
ties. Finally, the small number of patients with genetic testing
or who underwent liver-directed therapies limits the general-
izability of our findings in these populations.

Conclusion

Despite advances in the treatment of ACC and availability of
clinical trials, the median survival of under 2 years from start
of systemic therapy for metastatic disease shows the ongoing
need for novel therapies for patients with this rare cancer. The
clinical benefit seen in six patients who received liver-directed
therapy with TACE or SIRT should be investigated in pro-
spective studies.
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