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Abstract Adrenocortical carcinoma (ACC) is a rare and com-
plex disease associated with a high mortality rate. Despite
intensive translational and clinical research, prognosis re-
mains poor. Over the past decade, a significant effort has been
made to develop multinational, collaborative studies to better
understand the pathogenesis and clinical features of this rare
disease in attempt to improve the therapeutic strategies and
patient outcome. The results of both standard and newer treat-
ments are discussed in this review as well as the recent dis-
covery of pathways involved in ACC pathogenesis that pro-
vide the rationale to introduce new molecular target therapies.
Finally, remaining issues regarding how to improve available
therapies in adjuvant setting are raised and addressed.

Introduction

Adrenocortical carcinoma (ACC) is a rare and complex dis-
ease associated with a high mortality rate. Despite intensive
translational and clinical research, prognosis remains poor.
Retrospective studies reveal a 5-year survival rate of

approximately 65 % for patients stages I and II and 24 and
0 % for patients stages III and IV, respectively [1, 2]. While
surgery is the only potential curative treatment for stage I and
II disease, a significant amount of patients will recur and even-
tually die from disease. Over the past decade, a significant
effort has been made to develop multinational, collaborative
studies to better understand the pathogenesis and clinical fea-
tures of this rare disease in attempt to improve outcome.

The goal of this review is to discuss current and potentially
new treatments for advanced adrenocortical cancer discussed
at the 5th International Adrenal Cancer Symposium at Ann
Arbor in October 2015.

Standard Treatment of Adrenocortical Cancer

Local Disease

Complete surgical resection of primary tumor is the only
curative treatment. However, recurrence rate is high in pa-
tients that undergo primary resection, 30–50 % in patients
with complete resection (R0) and up to 80 % in patients
with incomplete resection (microscopic disease at surgical
margins—R1) [1, 2]. Because of this high risk of recur-
rence, adjuvant treatment is of utmost importance.
Mitotane remains the main adjuvant treatment. The best
study that investigated the role of mitotane in the adjuvant
setting was a retrospective analysis of 177 patients that had
undergone surgical resection in Italy and Germany [3].
Recurrence-free survival was compared between 47 Italian
patients treated with mitotane to 130 patients not treated
with mitotane. Baseline features were similar between
mitotane and control groups except for age and tumor stag-
ing in German patients; they were significantly older and
had more stage I and II disease. Median recurrence-free
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survival was significantly longer in mitotane group,
42 months as compared with 10 months in Italian control
group and 25 months in German control group [3]. Based
on these results, the use of mitotane in the adjuvant setting
has been employed worldwide and is currently recom-
mended for patients with potential residual disease (R1 or
RX resection) and in patients with R0 resection but with
high-risk disease, defined by a ki-67 index greater than
10 % [4]. The question whether mitotane is also useful in
patients with R0 resection and Ki-67 index lower than
10 % remains unknown and is under investigation in the
ADIUVO trial (www.adiuvo-trial.org; NCT00777244)
which status was updated at this meeting. This is a
prospective randomized study which is currently
recruiting at different European and North American
centers; the primary objective is to compare the results of
adjuvant mitotane versus no treatment on recurrence-free
survival in patients with low and intermediate risk of re-

Another potential adjuvant treatment, discussed at this
meeting, is postoperative radiotherapy to the adrenal bed.
Over the past 10 years, 4 retrospective studies have inves-
tigated the role of radiation therapy in local control of
disease. In the study by Fassnacht et al, 14 patients were
treated with adjuvant postoperative radiotherapy and local
control was reported in 12/14 (86 %) [5]. In 2011, Salboch
et al reported the rate of local failure in 48 patients with
resectable ACC treated at the University of Michigan Ad-
renal Cancer Clinic; 16 of 38 patients treated with surgery
alone (33.3 %) and 2 of 10 (20 %) patients treated with
surgery and adjuvant radiotherapy developed local failure
suggesting a potential role of radiotherapy in reducing the
risk of local recurrence [6]. In a subsequent retrospective
study, this group has again demonstrated a potential role of
radiotherapy in controlling local disease. In this study, two
groups of patients (N= 20 each group) were matched for
stage at diagnosis, tumor grade, surgical margins status,
and adjuvant use of mitotane. Local recurrence was ob-
served in 1/20 (5 %) patients treated with radiation therapy
and in 12/20 (60 %) patients not treated with radiation
therapy (P= .0005; hazard ratio [HR] 12.59; 95 % confi-
dence interval [CI] 1.62–97.88) [7]. Despite this excellent
outcome, the authors could not demonstrate improvement
of recurrence-free survival and overall survival between
groups indicating that the ideal adjuvant therapy will be
one that not only would prevent local recurrence but would
also provide systemic control of disease. Except for the
MD Anderson experience on postoperative radiotherapy
[8], all reported retrospective series indicate a potential
benefit of radiation therapy in reducing local recurrence;
what further studies will need to address is whether there is
a group of patients that local control is sufficient to result
in gain of overall survival.

Advanced Disease

Patients with advanced disease defined as locally advanced dis-
ease (stage III) and metastatic disease (stage IV) represent up to
45 % of patients at diagnosis. In addition, a significant percent-
age of patients, with stage I and II disease at diagnosis, will
eventually recur and require treatment [4]. Prognosis of these
patients is dismal and 5-year survival rate is less than 15 % [4].
Despite advances in clinical research, treatment for metastatic
ACC remains limited as no treatment regimen has resulted in
better overall survival; in addition, all regimens are associated
with adverse events that potentially impair quality of life.

In patients with small volume and indolent disease, local
treatment modalities including surgery, radiotherapy, and in-
terventional therapies should be considered whenever possi-
ble in addition to mitotane as systemic treatment. Mitotane is
the only FDA-approved drug; as monotherapy, the response
rate based on retrospective series averages 32 % [9, 10]; how-
ever, both progression-free survival and overall survival with
mitotane alone are unknown.

In patients who failed mitotane as adjuvant therapy or pa-
tients with large tumor burden and rapidly progressive dis-
ease, treatment with systemic chemotherapy should be con-
sidered [4]. The FIRM-ACT trial is the first phase III prospec-
tive study that investigated the efficacy of two different regi-
mens based on results from phase II studies: cisplatin,
etoposide plus mitotane (EDP-M) versus streptozotocin plus
mitotane (Sz+M) [11]. Progression-free survival was longer
in patients treated with EDP-M compared to patients treated
with Sz +M (5.0 vs 2.1 months). Based on these results,
EDP-M became the first line regimen recommended for pa-
tients with progressive metastatic disease. Upon progression
with this regimen, an option includes gemcitabine with cape-
citabine [12] and if available, inclusion in a clinical trial
should be considered.

The Search for New Therapies

Molecular Target and Results of Molecular Target
Therapies in ACC

Despite insufficient knowledge about the biology of this dis-
ease, the lack of an effective therapy was a driver for searching
potentially new drugs. Several phase II studies were per-
formed to investigate the role of molecular target therapies
in advanced ACC [12–18]. Unfortunately, inhibition of epi-
dermal growth factor receptor (EGFR), mammalian target of
rapamycin (mTOR), insulin-like growth factor 1 receptor
(IGF-1R), fibroblast growth factor receptor, and vascular en-
dothelial growth factor (VEGF) pathways as a whole was not
associated with clinical benefit (Table 1).
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One particular target therapy important to be discussed is
the inhibition of the IGF system. It is well documented the
importance of the insulin-like growth factor system in ACC
tumorigenesis. Both insulin growth factor 2 (IGF2) and its
receptor insulin-like growth factor receptor 1 (IGF1R) are
highly expressed in ACC, and preclinical studies did demon-
strate that inhibition of this receptor resulted in reduced cell
proliferation and increased apoptosis [21–23]. Based on these
data and phase I data, a randomized placebo-controlled phase
3 study was performed to investigate the efficacy of linsitinib,
an oral tyrosine kinase inhibitor of both IGF-1R and insulin
receptor in 139 patients with locally advanced or metastatic
ACC [20]. Despite being based on a firm rational, no differ-
ence was observed in progression-free survival or overall sur-
vival between patients treated with linsitinib (N=90) versus
placebo (n=49). Similar results were obtained in a phase II
trial that investigated cixutumumab, a recombinant human
IgG1 monoclonal antibody directed at the IGF1R, in combi-
nation with mitotane in 20 patients with advanced ACC [19].
Further studies are necessary to understand molecular mech-
anisms of resistance to IGF1R inhibitors and to identify the
subgroup of patients that will potentially benefit from this
therapeutic intervention.

The combination of cixutumumab and temsirolimus was
investigated in an extended phase I study including 26 patients
with metastatic adrenal cancer; more than 40% of patients had
durable stable disease and time to progression was 9 months
[24] (Table 1). These results seem promising, and this combi-
nation deserves to be further developed.

Inhibition of cholesterol esterification is another treatment
modality being investigated in patients with adrenal cancer
and discussed at this meeting. ATR-101 is a selective and
potent inhibi tor of acyl-coenzyme A:cholesterol
O-acyltransferase 1 (ACAT1), an enzyme that catalyzes ester-
ification of intracellular free cholesterol. The inhibition of
cholesterol esterification and the buildup of free intracellular
cholesterol is one of the mechanisms by which this drug re-
sults in activation of the apoptotic pathway and cell death [25].

In addition, preclinical studies indicate that it results in de-
creased steroid production. A phase I/II study is ongoing to
investigate the tolerability and initial efficacy of this drug in
ACC patients (NCT01898715) (Table 2).

Over the past 10 years, through intensive basic research,
much progress has been made in defining molecular abnor-
malities important for the development of adrenal cortical
cancer. The major breakthrough in trying to better understand
ACC pathogenesis and its heterogeneous outcome comes
from the recently published Cancer Genome Atlas (TCGA)
Research Network that evaluated genomic profile of ACCs
correlating with clinicopathological features [26]. In agree-
ment with the observed clinical and prognostic heterogeneity
of ACC, it has been observed that the genomic landscape is
also complex but certain genetic alterations can define sub-
groups of tumors with different clinical characteristics and
outcomes. Alterations in driver genes such as ZNRF3, TP53,
and CTNNB1 are associated with poor outcome as well as the
presence of hypermethylation in gene promoter regions.
These molecular abnormalities result in differential activation
of distinct pathways including WNT/β-catenin signaling
pathway, the IGF system, and the G1/S checkpoint pathway.
Based on this knowledge, research should focus on identifica-
tion of drugs that will target these pathways, and clinical trials
should attempt to individualize treatment according to specific
genomic signature profiles.

New Molecular Targets and New Therapies

Several issues can be taken into account to explain why mo-
lecular target therapies up to now substantially failed to be
efficacious in the management of ACC patients, despite the
strong rationale. The trials have included heavily pretreated
cases that are notoriously poorly responsive to any kind of
therapy. The majority of patients have been treated with
mitotane which biological activity can persist for months after
the drug withdrawal. This was an important limitation partic-
ularly for studies that tested small molecular target agents that

HORM CANC (2016) 7:29–35 31

Table 1 Clinical studies investigating target therapies in ACC

Target therapy
(reference)

Target Study
phase

Number of
patients

Response Median
survival

Sunitinib [16] VEGFR, RET, RET/PTC II 38 SD 5/38 PD 24/38 6
deaths prior to evaluation

PFS 2.8 months

Axitinib [17] VEGFR II 13 SD 8/13 (>3 months) PFS 5.8 months

Sorafenib + paclitaxel [13] VEGFR, RET, BRAF II 10 PD 90 % NR

Cixutumumab + temsirolimus [19] IGF1R+mTOR I 26 SD 42 % (>6 months) TTP 9 months

Cixutumumab +mitotane [20] IGF1R II 20 PR 5 %
SD 35 %

PFS 1.5 months

Linsitinib [21] IGF-1R III 139 (90 linsitinib/
49 placebo)

PR 3 %
SD 6.7 % (>6 months)

PFS 44 days linsitinib
vs 46 days placebo

Abbreviations: PR partial response, SD stable disease, PD progressive disease, PFS progression-free survival, TTP time to progression



are substrates of the p450-dependent enzyme CYP3A4, noto-
riously induced by mitotane. Of course, we could not exclude
that the molecular target compounds tested up to now may be
simply not efficacious in the treatment of ACC [27]. New
molecules and new targets are therefore needed [28]. The
study by Assiè and colleagues has confirmed the role of
CTNNB1, TP53, CDKN2A, RB1, andMEN1 in the pathogen-
esis of ACC and has detected new genes such as ZNRF3,
DAXX, TERT, and MED12 [26]. These genes activate several
key pathways. Themost frequent areWNT/β-catenin (ZNRF3
and CTNNB1) (39 %) followed by p53 (16 %) CDKN2A
(11 %), and RB1 (7 %).

WNT signaling regulates diverse developmental and ho-
meostatic functions, including proliferation, differentiation,
cell polarity, motility, and migration. It is therefore an attrac-
tive therapeutic target for many malignancies. Research ini-
tially focused on downstreamWNT/β-catenin pathway inhib-
itors such as tankyrase inhibitors and many others. This group
of drugs however demonstrated severe toxicities, particularly
GI toxicity. Upstream inhibitors ofWNT production and func-
tion are more promising and less toxic. They comprise mono-
clonal antibodies and decoy receptors that can block the inter-
action of WNTs with its receptors or alternatively small mol-
ecules that prevent WNT ligand biogenesis and secretion.
Among the latter, the most important are inhibitors of
PORCN, an enzyme that adds a mono-unsaturated
palmitoleate moiety to a serine residue conserved in all mam-
malian WNTs. This palmitoleation is essential for both WNT
secretion and the binding of WNTs to their receptors. Overall,
drugs targeting the WNT/β-catenin pathway are currently in
early development and still not available for the clinical use in
ACC patients [29].

Drugs targeting the cell cycle such as the cyclin-dependent
kinase inhibitors could be another new therapeutic approach
[30, 31]. Among them palbociclib is an oral, highly selective
inhibitor of CDK 4/6 that is in advanced development. In
patients with metastatic estrogen receptor-positive,
HER2-negative breast cancer, the drug administered in com-
bination with letrozole (Phase II; PALOMA-1) or with

fulvestrant (Phase III; PALOMA-3) has significantly
prolonged progression-free survival in comparison to
letrozole, or fulvestrant alone, respectively [30]. This drug
and other drugs of the same class are currently being tested
in several malignancies [31].

Moreover, PI3K/mTOR pathway that is downstream to
IGFR is important in the proliferation activity and survival
of ACC. Drugs targeting this pathway either alone or in asso-
ciation with IGFR inhibitors deserve to be tested in ACC. The
preliminary data on the activity of the association of
cixutumumab, a monoclonal antibody targeting IGFR, with
temsirolimus, as previously mentioned, are promising [24].

Italian researchers have identified the transcription factor
estrogen-related receptor alpha (ERRα) as an additional po-
tential target due to its ability to regulate energy metabolism,
mitochondrial biogenesis, and signaling related to cancer pro-
gression. Therapeutic strategies targeting ERRα could repre-
sent an innovative/alternative therapy for the treatment of
ACC [32].

A recent study showed for the first time an increased HGF/
cMETexpression in human adrenocortical carcinoma samples
and activation of HGF/cMET enhanced ACC growth,
tumor-related angiogenesis, and cell survival. cMET therefore
may be a valuable therapeutic target for this disease [33]. In
this paper in fact, the pharmacologic inhibition of cMET sup-
pressed cell proliferation and tumor growth. Several monoclo-
nal antibodies and small molecule tyrosine kinase inhibitors
targeting cMETare in the latter stages of clinical development
for gastrointestinal cancer, lung cancer, and hepatocellular
carcinoma, and other drugs are currently on development.
Noteworthy, this paper demonstrated that exposure of ACC
cells to currently available therapeutic strategies in clinics
such as mitotane, cisplatin, or radiation, rapidly induced
cMETexpression. The dynamic increase of cMET expression
as a consequence of tumor exposure to antineoplastic therapy
is not new. In prostate cancer patients, long-term androgen
deprivation results in the upregulation of cMET and this
switch of signaling pathway is associated with a more aggres-
sive disease state and increased metastatic behavior [34].
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Table 2 Ongoing and proposed new trials in ACC

Drug Target Study
phase

Tumor
type

Mechanism
of action

Avelumab (NCT01772004) PD-L1 I Solid tumors including ACC Immunotherapy

Ipilimumab+ radiotherapy
(NCT02239900)

CTLA-4 I/II Solid tumors including ACC Immunotherapy

Pembrolizumab* (pre-accrual) PD-L1 II ACC Immunotherapy

ATR-101 (NCT01898715) ACAT-1 I/II ACC Inhibition of cholesterol
esterification

BBI608 + paclitaxel (NCT01325441) Cancer stem cell inhibitor I/II Solid tumors including ACC Inhibition of Stat 3, β catenin
and Nanog pathways

*Proposed trials at Memorial Sloan Kettering and at University of Texas MD Anderson Cancer Center



cMET therefore represents a molecular pathway that is impli-
cated in the anticancer drug response and resistance. In ACC,
cMET inhibitors appear to be appealing in future clinical trials
of patients with disease progression to standard antineoplastic
therapies, i.e., EDP-M and mitotane. Along this line, it is
noteworthy to mention that in patients with renal cell carcino-
ma, the prospective randomized phase III trial METEOR
showed that a cMET inhibitor cabozantinib significantly im-
proved progression-free survival and overall survival over the
standard therapy everolimus as second line approach after
progression to first line antiangiogenetic therapies [35].

The rapid advance in molecular understanding of
host-tumor interaction has defined a new range of targets
for antibody development. The striking improvement of
knowledge in immunology has led to the identification of
immunomodulatory antibodies that directly enhance the func-
tion of T cells. These agents are commonly called Bcheck-
point inhibitors^ because they block normally negative regu-
lators of T cell immunity such as cytotoxic T-lymphocyte
antigen 4 (CTLA-4) and programmed death receptor-1
(PD-1). Although both strategies work by restarting an effec-
tive antitumor immune response, PD-1 inhibitors have ob-
tained better antitumor efficacy than CTLA-4 inhibitors
[36]. The interaction between PD-1, expressed on lympho-
cytes and dendritic cells and PD-L1 ligand, expressed by
tumor cells results in a downregulation of the T cell response.
Therefore, the PD-1/PD-L1 axis inhibition by targeted anti-
bodies represents a very promising mechanism to stimulate
the antitumor activity of the immune system, improving the
outcomes of cancer patients. The checkpoint blocking anti-
bodies against PD-1 have demonstrated significant efficacy in
the treatment of an expanding list of malignancies, and the
most relevant results have been obtained in the management
of patients with advanced melanoma, non-small cell lung
cancer (both squamous and adenocarcinoma), and kidney
cancer [37]. Drugs targeting PDL-1 are currently being tested
in phase II-III clinical trials. Table 2 lists trials that patients
with ACC could be enrolled. Unfortunately, not all patients
respond to these therapies, and the future use of immune
checkpoint inhibitors in cancer patients has to be molecularly
supported.

A recent study assessed PD-L1 positivity by immunohisto-
chemistry in 28 patients with surgically treated ACC. Expres-
sion was observed in approximately 11 % of ACC cases and
did not correlate with stage at diagnosis (UICC or ENSAT),
grade, and hormone secretion. In addition, no correlations
were found between PD-L1 expression and survival at 5 years
[38]. On the bases of these very preliminary results, ACC
seems to be not a candidate for these drugs; however, we are
only at the beginning, and it is well known that PD-L1 expres-
sion in tumor cells can be upregulated by pretreatment with
cytotoxic agents and other immunologic therapies such as
interferon gamma.

Future Perspectives

As discussed, ACC is a very aggressive disease that is difficult
to treat. Surgery is the only therapy that offers cure. However,
the majority of ACC patients radically resected are destined to
recur, most of them within the first 2 years. The development of
adjuvant strategies has the greatest possibility to modify the
natural history of the disease. As previouslymentioned, themost
relevant data to support the efficacy of adjuvant mitotane is a
case control study that compared the outcome of patients follow-
ed in centers that systematically prescribed mitotane to all radi-
cally resected patients with that of patients followed in centers
that did not [3]. Despite the limitation of this study, adjuvant
mitotane is currently recommended by international guidelines
for patients with moderate/high risk of disease relapse [4].
Mitotane efficacy, however, is slowly acquired since several
weeks are needed until attaining adequate therapeutic concen-
tration. This implies that a rapidly proliferating ACC radically
operated and submitted to adjuvant mitotane can potentially
recur before serum mitotane level attains the so-called therapeu-
tic concentration. The combination of mitotane and chemother-
apy can allow a rapid antiproliferative activity with chemother-
apy and long-term therapeutic efficacy with mitotane mainte-
nance. A randomized trial testing mitotane versus the combina-
tion of mitotane and chemotherapy is therefore an unmet need.

Another important issue is that we are currently selecting
patients to be addressed to adjuvant mitotane on the basis of
the risk of relapse and/or death. However, only a minority of
radically operated patients are considered at low risk and
therefore not addressed to mitotane. Adjuvant mitotane ther-
apy is usually prescribed for at least 2 years and the drug is
toxic and may reduce patient’s quality of life. In addition, it
needs frequent drug monitoring and a complex regimen of
steroid replacement and management of adverse events.
There is an urgent need for a predictive factor in order to
select patients to be addressed to adjuvant mitotane among
those whose disease is destined to obtain a benefit from the
therapy. Despite mitotane is currently adopted in the manage-
ment of ACC for many decades, the mechanism of antineo-
plastic activity is still not clear and this limits the identifica-
tion of molecular predictive factors. Two papers recently pub-
lished have identified predictive factors of adjuvant mitotane
efficacy. One of them provided in vitro and in vivo evidence
of a relationship between Ribonucleotide Reductase Large
Subunit 1 (RRM1) enzyme and the antineoplastic activity
of mitotane in ACC [39]. RRM1 enzyme is involved in the
synthesis of deoxyribonucleotides for DNA synthesis and
represents the cellular target for gemcitabine. The second pa-
per identified CYP2W1 enzyme that is highly expressed in
both normal and neoplastic adrenal glands as a new predictive
marker for the response to mitotane treatment [40]. Both
these predictive markers need to be validated in prospective
randomized adjuvant studies.
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In conclusion, a future strategy in the management of ACC
should be the assessment of efficacy in adjuvant setting of
standard therapies currently adopted in advanced disease.
There are several examples in medical oncology of drugs that
are not particularly efficacious in advanced disease in which
their efficacy is enhanced in adjuvant setting. Advanced ACC
patients should be preferably addressed to prospective clinical
trials testing new molecular target agents.
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