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a  b  s  t  r  a  c  t

Adrenocortical  carcinoma  is a rare  malignant  tumor  of poor  prognosis,  frequently  requiring  additional
treatments  after  initial  surgery.  Due  to  its adrenolytic  action,  mitotane  has become  the  first-line  medical
treatment  in  patients  with  aggressive  adrenocortical  carcinoma.  Over  the last  2  years,  apart  from  the
classical  chemotherapy  based  on  etoposide  and platinum  salts,  several  studies  reported  the  use  of  drugs
such  as  temozolomide,  tyrosine  kinase  inhibitors  or immunotherapy,  with  more  or  less  convincing  results.
The  aim  of  this  review  is to give  further  insights  in  the  use  of  these  drugs,  and  to  describe  potential
therapeutic  perspectives  based  on recent  pangenomic  studies,  for  the  future  management  of  these  still
difficult  to  treat  tumors.

© 2020  Elsevier  Masson  SAS.  All  rights  reserved.
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r  é  s  u  m  é

Le corticosurrénalome  malin  est  une  tumeur  rare,  de  mauvais  pronostic,  nécessitant  fréquemment  le
recours à  des  traitements  médicamenteux  après  la chirurgie  initiale.  Depuis  de  nombreuses  années,
le  mitotane  est  le traitement  de  1re ligne  des  corticosurrénalomes  agressifs,  du  fait  de ses propriétés
adrénolytiques.  Cependant,  ce  traitement  est souvent  insuffisant  et associé  à  une  chimiothérapie  de
Immunothérapie
type Etoposide/Platine.  Au  cours  des  2 dernières  années,  plusieurs  études  ont  rapporté  l’efficacité  plus
ou moins  probante  de  nouvelles  molécules  telles  que  le temozolomide,  les  inhibiteurs  tyrosine  kinase
ou l’immunothérapie.  L’objectif  de  cette  revue  est  de  préciser  les  résultats  de ces  différentes  études,  et
d’apporter  quelques  données  de perspectives  basées  sur  les  études  pangénomiques,  dans  l’objectif  de

e pou

a
6

mieux  appréhender  ce  qu

1. Introduction
Adrenocortical carcinoma (ACC) is a rare malignant tumor
with an annual incidence of between 0.7 to 2 cases per mil-
lion population per year [1,2]. The disease can appear at any
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ge, with a peak in childhood and a plateau between 40 and
0 years old, with women being substantially more frequently
ffected than men  (60% vs. 40%) [3]. Around 55% of patients present
ith symptoms linked to adrenocortical hypersecretion (in gen-

ral hypercortisolism ± combined with hyperandrogenism), while
0–40% of patients have symptoms related to tumor volume, and

he other 10% are discovered fortuitously [4].

ACC prognosis is mixed, with a 5-year survival rate that varies
etween 80% for patients with localised disease to 15% in patients
resenting with more advanced disease (stage III–IV), according to

renocortical carcinoma: Current recommendations, new thera-
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the staging proposed by the European Network for the Study of
Adrenal Tumors (ENS@T) [5]. In addition to ENS@T stage, patient
age [6], R0 status (cancer surgery by laparoscopy except in the case
of contrary decision taken by expert surgical team) [7], Ki-67 index
[8], as well as molecular markers [9], have proven useful when
looking at prognosis in patients with an ACC. Integrative mod-
els that take into account both the clinical features of the tumor
and molecular prognostic markers seem to facilitate more precise
characterisation of patient prognosis [10].

Due to their rarity, the recommendations for management of
ACC rely purely on data from retrospective studies, and few ther-
apeutic options are currently available. Complete tumor resection,
including peri-tumoral fat, as well as locoregional lymphadenec-
tomy, when this is feasible, currently represents the best curative
option for patients with an ACC [4]. The recurrence rates reported in
the literature are quite variable, being 30–85% [11,12]. Recruitment
bias and different initial modalities of treatment at the commence-
ment of patient management likely explain the differences in data
from different centers. The rarity of the disease means that patients
require personalised care by a multidisciplinary team, expert in
managing ACC, and that each case is discussed in a multidisciplinary
meeting based on current recommendations.

This literature review will evaluate currently-used medical ther-
apies for management of ACC and will also particularly focus on
new therapies that are or will be available.

2. Currently recommended therapies

2.1. Mitotane

Mitotane is currently the only treatment that is recommended
for the management of advanced ACC and its use is advocated in
many centers for the treatment of patients at high risk of recur-
rence, that is, those with ENS@T stage III tumors (pT3-T4, N1), those
who have had incomplete surgical resections, and those with Ki-67
index > 10% [4].

At the molecular level, mitotane acts via inhibition of sterol-
O-acetyl transferase enzyme (SOAT-1), leading to endoplasmic
reticulum stress and lysis of adrenocortical cells [13]. Mitotane
is a drug with a very long half-life, high toxicity and a therapeu-
tic window that is very narrow (between 8 and 25 mg/mL). The
dose of mitotane needs to be guided by, at minimum, monthly
measurements of serum levels of the drug. Due to the adrenolytic
activity of mitotane, glucocorticoids (hydrocortisone) need to be
administered to avoid patients suffering acute adrenal insuffi-
ciency, the dose being around 50 mg  per day, though due to the
enzymatic activity of mitotane, the dose may  need to be as high as
80–100 mg/day. Most published studies have suggested that treat-
ment needs to be maintained for at least 2 years (range: 2–5 years),
due to the frequency of recurrence being high during this period.
In view of the poor tolerance of the treatment in a significant num-
ber of patients, the duration of treatment also depends on the
risk–benefit ratio, which needs to be evaluated on a case by case
basis, on the basis of mitotane levels and of treatment tolerance
(INCa Comete Network).

In a retrospective study that included 177 patients, the
progression-free survival in the group of patients who were
systematically treated with mitotane as adjuvant therapy after
complete surgical resection, was significantly higher than that of
non-treated patients [14].

The question of the benefit of mitotane in patients with an ACC at

low to intermediate risk of recurrence (ENS@T stages 1, 2 and 3, and
R0, with Ki-67 index < 10%) is currently the subject of a randomised
phase III multicenter trial (ADIUVO, NCT00777244). According to
several studies, the objective tumor response rate for advanced ACC
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s between 13 and 31%, though these studies were of short duration
15,16].

Another randomised multicenter phase III study, coordinated by
NS@T, is currently underway. This study will evaluate the efficacy
f mitotane as monotherapy compared to mitotane combined with
isplatin and etoposide, in patients who have undergone surgery for
CC and have a high risk of recurrence (ADIUVO-2, NCT03583710).

.2. Cytotoxic chemotherapy

Chemotherapy, based on platinum salts, generally in com-
ination with etoposide (doxorubicin) and mitotane (E(D)P-M),
urrently represents first-line treatment for advanced ACC [4]. This
ecommendation comes from the FIRM-ACT trial which showed
reater efficacy using the E(D)P-M protocol compared to a treat-
ent group who received streptozotocin combined with mitotane,
ith a progression-free survival of 5.5 versus 2.1 months [17]. Later,

 phase II trial looking at the combination of cisplatin and docetaxel,
s first-line chemotherapy, reported a progression-free survival of

 months and a partial response in 21% of cases [18]. However, none
f the patients in this study showed a complete response, thus this
reatment modality was not retained as first-line chemotherapy.

Current recommendations for management of ACC suggest 2nd
ine therapies for those patients who  show progression after the
(D)P-M protocol [4]. Two cytotoxic agents are suggested for 2nd
ine chemotherapy, streptozotocin combined with mitotane [17]
nd the combination of gemcitabine/capecitabine ± combination
ith mitotane [19]. However, even though some patients have

enefited from long term tumoral control, these two modalities
f 2nd line therapy have been disappointing in terms of effi-
acy, with the rate of objective tumoral response being < 10%
nd the median progression-free survival < 4 months. Local treat-
ents (surgery, radiotherapy, chemoembolization, radiofrequency

blation. . .)  should be preferred, if possible, in cases of lesions that
re accessible and disease that is not already very metastatic (even
efore commencing systemic treatment). This has been recently
uggested by a retrospective single center study that included
atients with advanced/metastatic ACC. The study showed an

ncrease in overall progression-free survival in patients who  had
urgical removal of residual tumor after treatment with EDP-M,
ompared to those who had chemotherapy alone [20].

More recently, an Italian retrospective multicenter study eval-
ated the efficacy of temozolomide in 28 patients with metastatic
CC who had failure of first-, second- or third-line treatment. This
tudy showed encouraging results, with progression-free survival
f 3.5 months, and an overall survival of 7.2 months [21].

Data concerning efficacy of adjuvant chemotherapy in patients
ith ACC are scarce. Recently, in a retrospective study including 577
atients with adrenalectomy (389 patients with adrenalectomy
lone and 188 patients receiving adjuvant chemotherapy with no
recise data on the type of chemotherapy, duration. . .),  no corre-

ation between adjuvant chemotherapy and overall survival was
videnced [22]. This clearly emphasizes the need to have a clear-
ut protocol to determine whether patients could benefit from early
hemotherapy in ACC.

. New therapeutic modalities: Targeted therapies and
mmunotherapy

.1. Targeted therapies
.1.1. Tyrosine kinase inhibitors (TKI)
Receptor tyrosine kinases (RTK), possess a ligand binding

xtracellular domain, a transmembrane domain permitting signal
ransduction and an intracellular kinase domain that is involved in
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phosphorylation of tyrosine residues of the receptor itself, and as
a consequence, its activation. Activation of RTKs induces a cascade
of signalling (via phosphorylation) which leads to the activation of
transcription factors which regulate cell growth and differentiation.
Selective tyrosine kinase inhibitors exist, as well as multi-tyrosine
kinase inhibitors, which can be used as anti-cancer drugs.

3.1.1.1. Multi-tyrosine kinase inhibitors (mTKI). Tumoral neoan-
giogenesis is a well-established therapeutic target in numerous
cancers. The majority of mTKIs currently in use target vascular
endothelial growth factor (VEGF) and its receptor (VEGFR2), and
also generally inhibit other kinases, such as those of platelet derived
growth factor receptors (PDGFR), the epidermal growth factor
receptor (EGFR) and fibroblast growth factor receptor (FGFR), to
varying degrees. ACCs often show a clear over-expression of VEGF
and of its receptor VEGFR2 [23,24], suggesting it may  be beneficial
to use mTKI in these patients.

Sorafenib and sunitinib have been evaluated as therapies in
the management of ACC: in fact, preclinical data suggests effi-
cacy of these two mTKIs [23,24]. However, a phase II study which
included 9 patients with advanced ACC, treated with metronomic
chemotherapy using sorafenib and paclitaxel, was interrupted early
due to early progression of the disease in all 9 patients [25]. Addi-
tionally, in the phase II SIRAC trial, only 5 of 35 patients with ACC
who showed disease progression after first-line treatment, showed
stable disease at the first evaluation 12 weeks after treatment ini-
tiation, and the median disease-free survival was 2.8 months [26].

Cabozantinib is an inhibitor of c-MET, VEGFR2, AXL and RET and
has been recommended for use in several solid cancers. A mul-
ticenter study, including 16 patients with ACC, has recently been
published [27]. This study showed an objective tumoral response
in 3 patients as well as progression free survival of more than
4 months in 8 patients, suggesting significant clinical efficacy.

Currently, two phase II trials of cabozantinib in patients
with ACC are in the process of patient recruitment in Europe
(NCT03612232) and the United States (NCT03370718).

3.1.1.2. Selective tyrosine kinase inhibitors (TKI). It has been shown
that dysregulation of the FGF signalling pathway is associated with
tumor development as well as tumor progression. Amplification of
the FGFR1 gene, shown using comparative genomic hybridization,
has been described in 10.7% of patients with ENS@T stage III-IV
ACC [28]. In addition, over-expression of mRNA for both FGFR2 and
FGFR4 has been demonstrated in patients with ACC compared to
patients with adrenocortical adenomas [29].

To date, only deranzantinib (ARQ087), a pan-FGFR inhibitor has
been evaluated in a phase I trial on 4 patients with ACC. Of these 4
patients, 2 presented with stable disease of over one year [30].

Regarding the EGF signalling pathway, over-expression of mem-
brane EGFR has been reported in 36% of ACC [31], and a reduction
in cell viability was observed in primary cultures of ACC cells after
inhibition of the EGFR pathway [32]. However, neither of the two
TKIs that are specific for EGFR (erlotinib and gefitinib) showed any
clinical benefit in patients with advanced ACC [33].

3.1.2. Insulin-like growth factor (IGF) pathway inhibitors
The IGF signalling pathway plays a major role in the regulation

of various adrenal functions and is one of the signalling pathways
that is most frequently altered in ACC [34]. IGF-2, IGF-1 receptor
(IGF-1R) as well as the insulin receptor (IR), are frequently over-
expressed in ACC [35], leading to an autocrine/paracrine regulatory
loop in which IGF-2, by its action of stimulating IGF-1R and IR

which in turn activate the IGF signalling pathway, stimulates cell
proliferation, motility and survival [34].

NVP-AEW541, a selective inhibitor of IGF-1R and cixutumumab,
a monoclonal antibody directed against IGF-1R, reduce the prolifer-
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tion of the NCI-H295R cell line in vitro, and equally in xenografted
ouse models [36,37]. However, a randomised phase III trial com-

aring linsitinib, a specific IGF-1R and IR inhibitor, to placebo
howed no efficacy in improving progression-free survival nor on
verall survival in ACC [38].

Interestingly, metformin, which is widely used in current clini-
al practice in the management of type 2 diabetes, interacts with the
GF-1R signalling pathway and can also have a direct anti-tumoral
ffect. Specifically, one study has shown an anti-proliferative effect
n ACC cell lines (NCI-H295R) in vitro and in vivo in mouse
enograft models [39]. However, to date, clinical data evaluating
he efficacy of metformin in management of ACC has not been
eported.

.1.3. Mammalian target of rapamycin (mTOR) signalling
athway

Dysregulation of the mTOR signalling pathway has been
eported in patients with ACC and the use of mTOR inhibitors
sirolimus, everolimus and temsirolimus), alone or in combination
ith mitotane, has shown anti-proliferative effects, both in vitro

nd in vivo [35].
However, only few studies have evaluated the clinical efficacy

f mTOR inhibitors in ACC, and these showed no benefit [40,41].

.1.4. Sterol-O-acetyltransferase (SOAT1) inhibitors
Nevanimib (ATR-101) is a new SOAT1 inhibitor, which is adrenal

pecific. This drug has been shown, in a preclinical study, to inhibit
drenocortical steroidogenesis at low doses and to cause adrenol-
sis at high doses. Nevanimib has been evaluated in the setting
f a phase I study including 63 patients with metastatic ACC. No
atients showed either a complete or partial response. Twenty-
even percent of patients who had imaging at 2 months showed sta-
le disease, and 4 patients showed stable disease at > 4 months [42].

.2. Immunotherapy

Preclinical data on the benefit of the use of immunotherapy
n management of ACC is scarce. In other types of cancer, three
rincipal markers of response to treatment are used, these being
xpression of PD-1 and PD-L1, microsatellite instability (MSI) and
omatic mutations. Here, we  present the few trials that have eval-
ated the efficacy of immunotherapy in ACC.

.2.1. PD-1 antagonists
The use of pembrolizumab, a programmed death-1 (PD-1)

ntagonist, is approved by the Federal Drug Agency (FDA) for the
reatment of tumors presenting with MSI, independent of their his-
ological profile. This approval is based on therapeutic trials that
eported an objective response rate of around 40% in this patient
opulation [43].

Recently, a phase 2 study (NCT02673333) evaluated the clini-
al efficacy of pembrolizumab (200 mg  every three weeks) in 39
atients with advanced ACC, independent of their previous treat-
ent [44]. The objective response rate on pembrolizumab was

3% and the disease control rate was  52%, median progression-
ree survival was  2.1 months and the median overall survival was
4.9 months. The expression of PD-1 and presence of MSI  were not
orrelated to the objective response rate.

A second phase 2 multicenter single-arm study (NCT02720484)
f 10 patients with metastatic ACC treated with nivolumab, gave
isappointing results with a median progression-free survival of
.8 months [45].
Additionally, a recent retrospective multicenter study evaluated
he efficacy of a combination of pembrolizumab/lenvatinib and
howed encouraging results, notably with a median progression-
ree survival of 5.5 months [46]. Evaluating therapeutic approaches
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that use a combination of drugs may  be of interest, potentially
allowing these aggressive tumors to be controlled through treat-
ment that targets several pathways simultaneously.

3.2.2. PD-L1 antagonists
A phase 1b study (NCT01772004) has evaluated the efficacy

of avelumab in 50 patients with metastatic ACC. The objective
response rate was 6%, with a median progression-free survival of
2.6 months and a median overall survival of 10.6 months. Twelve
tumors showed over-expression of PD-L1 while 30 tumors did
not over-express PD-L1, with the objective tumoral response rates
being 16.7% vs. 3.3%, respectively [47].

The modest results observed with immunotherapy may  be
linked, in part, to an immunodepletion in these patients, possi-
bly related to the local production of glucocorticoids by the tumor.
Thus, the use of an adjuvant therapy aimed at reducing the local
production of glucocorticoids might improve the response of ACC
to immunotherapy [48].

4. Perspectives: future molecular targets

Recent pan-genomic approaches have led to the identifica-
tion of genetic alterations in ACC, which could represent potential
therapeutic targets of choice, but might also allow better charac-
terization of the aggressiveness of some tumors whose prognosis
is unclear at diagnosis (when defined by classical markers such
as Ki-67 and ENS@T stage) [9,28,49]. These data are summarised
in comprehensive reviews by Crona and Beuschlein and Altieri
et al. [50,51]. Here, we will concentrate on the genes that have
aroused the most interest and comprehensively describe their in
vitro, preclinical and clinical data and their potential impact in
future management of ACC.

4.1. Inhibitors of the Wnt/ˇcatenin signalling pathway

The Wnt/�catenin signalling pathway plays an integral role in
the development of numerous organs, notably the adrenal gland.
Somatic mutations that are activating the CTNNB1 gene, which
codes for �catenin (p.S45B) were found in 40% of ACC cases [9].
Concomitant appearance of alterations in the Wnt  pathway and
inactivation of TP53, induced in a transgenic mouse model, resulted
in adrenocortical carcinomas in the mice that were particularly
aggressive in terms of metastasis, suggesting the potential inter-
est of molecular targeting of these two pathways (Wnt/�catenin
and P53) as a new therapeutic approach [52]. Additionally, other
types of alterations can occur that lead to an over-activation of
the Wnt/�catenin pathway, one of the most frequent being a loss-
of-function mutation in ZNRF3, a tumor-suppressor gene with a
negative regulatory role in the Wnt/�catenin pathway. Blocking
this signalling pathway has been shown to increase apoptosis as
well as block steroidogenesis in ACC cells expressing the pS54P
mutation in vitro [53]. Mice lacking ZNRF3 develop adrenocorti-
cal carcinomas, with the pro-tumoral effect of WNRF3 inactivation
occurring through the action of the protein Porcupine, which plays
a key role in the secretion of Wnt  ligands [54]. Porcupine inhibitors
are in the process of being developed, with the aim of treating
ACC carrying a ZNRF3 mutation. Recently, a study exploring the re-
purposing of drugs (an emerging concept where new indications
are found for old drugs), identified a molecule with an anti-cancer
effect that act through inhibition of the Wnt/�catenin signalling

pathway. Rottlerin, a natural polyphenol isolated from the Asian
tree Mallotus philippensis, inhibits proliferation and induces apo-
ptosis in cell lines derived from ACC as well as in mouse xenograft
models [55].
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.2. Inhibitors of the cyclin-dependent kinase (CDK) signalling
athway

The cell cycle is regulated by several key proteins, notably by
yclin-dependent kinases (CDK), which are targets for cell cycle
heckpoint inhibitors that have recently been discovered.

Several studies have reported that alterations in the oncogene
DK4 may  be frequent in ACC, with a prevalence of between 7%
nd 40% [9,28,49,50,56]. Over-expression of CDK4 has also been
hown at the protein level in ACC [57]. These observation suggest

 potential role for CDK4/6 inhibitors, such as palbociclib, riboci-
lib and abemaciclib, as promising candidates for management of
CC. Additionally, palpociclib has been shown to have an effect on
ell viability in cell lines derived from ACC (NCI-H295R, SW13 and
UC1) as well as in primary cultures [57–59]. Palbociclib is cur-

ently approved by the FDA for use in treatment of locally advanced
nd metastatic breast cancers, with an acceptable level of toxicity.
t would be of interest to investigate this drug as a potential novel
herapeutic option for the treatment of ACC.

.3. Inhibitors of the Notch signalling pathway

Genomic alterations in genes of the signalling pathway for Notch
gain of copy number for JAG1 and NOTCH1) are frequently identi-
ed in ACC [10,60]. Additionally, over-expression of proteins of the
otch pathway, JAG1, activated NOTCH1 and HEY2, have also been

eported in ACC compared to normal adrenal tissue or adrenocorti-
al adenoma [61]. This suggests a role for this signalling pathway in
umorigenesis. Clinical trials have tested several gamma-secretase
nhibitors (GSI), which inhibit the Notch pathway by blocking cleav-
ge of the transmembrane domain of Notch, in various solid tumors
hough not specifically in ACC [62]. Future studies are thus needed
o explore the role of GSI in patients with ACC.

.4. Inhibitors of MAP/ERK signalling pathway

.4.1. NF1
Neurofibromin 1 (NF1) is a protein that plays a role in an

nhibitory pathway of the proto-oncogene RAS. In fact, an alteration
n NF1 leads to over-activation of the Ras/Raf/MEK/ERK pathway
hat has been implicated in tumorigenesis. Neurofibromatosis type

 (NF1) is a neuro-cutaneous syndrome that predisposes subjects
o several benign and/or malignant tumors. Adrenocortical carci-
oma has been reported only rarely in patients presenting with
F1. In sporadic ACC, mutations in NF1 that lead to a loss of func-

ion have been observed in around 10% of cases [9,10,49]. This data
s of interest since NF1 could represent a therapeutic target for

APK/ERK signalling pathway inhibitors (MEKi). Additionally, it
as been shown that inhibition of MEK1 by PD184352 significantly
educes cell proliferation as well as steroidogenesis in the H295R
CC cell line [63]. Further studies are now required to evaluate the
otential role of MEKi in ACC.

.4.2. BRAF
The serine/threonine kinase B-Raf plays a key role in the

as/Raf/MEK/ERK signalling pathway. Activating mutations of the
roto-oncogene BRAF have been found in numerous cancers. It has
een shown, using DNA sequencing data, that activating mutations
f BRAF are present in 2% to 6% of the ACC cases that have been stud-
ed [9,49,64]. This observation is of interest since the V600E BRAF

utation represents a therapeutic target for BRAF inhibitors. In

act, vemurafenib, lencorafenib and dabrafenib have been approved
y the FDA for the treatment of metastatic melanomas that carry
he V600E BRAF mutation. Therefore, specific inhibitors of the
as/Raf/MEL/ERK pathway could be candidates for future clinical
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trials in patients with ACC who are carefully selected based on their
BRAF mutation status.

4.5. PARP inhibitors

Genes that play a role in DNA repair (DNA damage repair genes,
DDR) play a key role in maintaining genomic stability. Conversely,
alterations in DNA repair mechanisms are involved in tumori-
genesis, tumor progression and the response to therapy. Drugs
that inhibit the protein, poly ADP-ribose polymerase (PARP1) can
cause multiple breaks in double-stranded DNA and, in tumors
expressing BRCA1, BRCA2 or PALB2 mutations, these double-strand
breaks, which cannot be repaired, result in cellular apoptosis. PARP
inhibitors are approved by the FDA for treatment of solid tumors
with germline mutations in BRCA (olaparib and rucaparib for ovar-
ian carcinomas, talazoparib for breast cancer). Additionally, a deficit
in ATM, a protein kinase that plays a key role in DNA repair mech-
anisms secondary to double-strand breaks, has been reported to
be associated with increased efficacy of olaparib in a number of
cancers [65]. In ACC, somatic mutations in BRCA1, BRCA2 and ATM
have been reported in around 4% of cases [50]. However, there have
been no reported preclinical studies, to date, evaluating the efficacy
of PARPi in ACC.

4.6. Yttrium-90/lutetium-177-DOTATOC (90Y/177Lu-DOTATOC)

A very recent study has evaluated the potential benefit of 90Y-
177Lu-DOTATOC as peptide receptor radionuclide therapy (PRRT)
in 19 patients with advanced ACC. Initially, only the patients pre-
senting with strong tumoral uptake of 68Ga-DOTATOC, indicating
an over-expression of somatostatin receptors, showed a treatment
benefit. Two patients (11%) were therefore treated with PRRT and
showed stable disease for 4 and 12 months, respectively [66]. PRRT,
through its interaction with somatostatinergic receptors, could
thus represent a treatment option in patients with ACC who are
pre-selected based on specific imaging characteristics.

5. Conclusion

A great deal of research has been carried out with the aim of
finding new therapies for the management of advanced ACC. How-
ever, to date, results of these studies have been disappointing,
and treatment with mitotane, with or without addition of E(D)P
chemotherapy, remains the standard therapy. To explain this lack
of success, it is well-established that ACC is a highly heterogeneous
disease, and for this reason therapeutic approaches targeting sin-
gle disease mechanisms may  have failed. In order to remedy this,
our understanding of the heterogeneity of the disease, at a molec-
ular level, needs to be rapidly improved. Therapeutic approaches
that use drugs in combination need to be evaluated in the hope of
stopping these aggressive tumors by simultaneously targeting mul-
tiple pathways. Another possible explanation for the failure of novel
therapies is that several of them (including all of the TKI drugs)
are metabolised by CYP3A4 and that even minimal concentrations
of mitotane are sufficient to reduce the efficacy of these therapies
[67,68]. Lastly, it is important that viable predictive biomarkers are
identified which will facilitate truly personalised treatments for
this rare disease. Such research projects will succeed only when
they are carried out as part of a multicentric effort, as part of
ENDOCAN-COMETE and ENS@T.
Disclosure of interest

The authors declare that they have no competing interest.

[

5

 PRESS
Annales d’Endocrinologie xxx (xxxx) xxx–xxx

cknowledgements

This paper was produced with institutional support provided by
psen Pharma, the first author having been a participant in Must de
’Endocrinologie 2020.

eferences

[1] Fassnacht M, Kroiss M, Allolio B. Update in adrenocortical carcinoma. J Clin
Endocrinol Metab 2013;98:4551–64, http://dx.doi.org/10.1210/jc.2013-3020.

[2]  Kerkhofs TMA, Verhoeven RHA, Bonjer HJ, van Dijkum EJN, Vriens MR,  De
Vries J, et al. Surgery for adrenocortical carcinoma in The Netherlands: anal-
ysis  of the national cancer registry data. Eur J Endocrinol 2013;169:83–9,
http://dx.doi.org/10.1530/EJE-13-0142.

[3] Fassnacht M, Libé R, Kroiss M,  Allolio B. Adrenocortical carci-
noma: a clinician’s update. Nat Rev Endocrinol 2011;7:323–35,
http://dx.doi.org/10.1038/nrendo.2010.235.

[4] Fassnacht M,  Dekkers O, Else T, Baudin E, Berruti A, de Krijger R, et al. European
Society of Endocrinology Clinical Practice Guidelines on the management of
adrenocortical carcinoma in adults, in collaboration with the European Net-
work for the Study of Adrenal Tumors. Eur J Endocrinol 2018;179:G1–46,
http://dx.doi.org/10.1530/EJE-18-0608.

[5] Fassnacht M,  Johanssen S, Quinkler M,  Bucsky P, Willenberg HS, Beuschlein
F,  et al. Limited prognostic value of the 2004 International Union
Against Cancer staging classification for adrenocortical carcinoma:
proposal for a Revised TNM Classification. Cancer 2009;115:243–50,
http://dx.doi.org/10.1002/cncr.24030.

[6] Libé R, Borget I, Ronchi CL, Zaggia B, Kroiss M,  Kerkhofs T, et al. Prognostic
factors in stage III-IV adrenocortical carcinomas (ACC): a European Network
for the Study of Adrenal Tumor (ENSAT) study. Ann Oncol 2015;26:2119–25,
http://dx.doi.org/10.1093/annonc/mdv329.

[7] Bilimoria KY, Shen WT,  Elaraj D, Bentrem DJ, Winchester DJ, Kebebew E, et al.
Adrenocortical carcinoma in the United States: treatment utilization and prog-
nostic factors. Cancer 2008;113:3130–6, http://dx.doi.org/10.1002/cncr.23886.

[8]  Beuschlein F, Weigel J, Saeger W,  Kroiss M,  Wild V, Daffara F, et al.
Major prognostic role of Ki67 in localized adrenocortical carcinoma
after complete resection. J Clin Endocrinol Metab 2015;100:841–9,
http://dx.doi.org/10.1210/jc.2014-3182.

[9] Assié G, Letouzé E, Fassnacht M,  Jouinot A, Luscap W,  Barreau O,  et al.
Integrated genomic characterization of adrenocortical carcinoma. Nat Genet
2014;46:607–12, http://dx.doi.org/10.1038/ng.2953.

10] Lippert J, Appenzeller S, Liang R, Sbiera S, Kircher S, Altieri B, et al. Targeted
molecular analysis in adrenocortical carcinomas: a strategy toward improved
personalized prognostication. J Clin Endocrinol Metab 2018;103:4511–23,
http://dx.doi.org/10.1210/jc.2018-01348.

11] Fassnacht M,  Johanssen S, Fenske W,  Weismann D, Agha A, Beuschlein F,
et  al. Improved survival in patients with stage II adrenocortical carcinoma
followed up prospectively by specialized centers. J Clin Endocrinol Metab
2010;95:4925–32, http://dx.doi.org/10.1210/jc.2010-0803.

12] Amini N, Margonis GA, Kim Y, Tran TB, Postlewait LM,  Maithel SK,
et  al. Curative resection of adrenocortical carcinoma: rates and pat-
terns of postoperative recurrence. Ann Surg Oncol 2016;23:126–33,
http://dx.doi.org/10.1245/s10434-015-4810-y.

13] Weigand I, Altieri B, Lacombe AMF, Basile V, Kircher S, Landwehr L-S, et al.
Expression of SOAT1 in adrenocortical carcinoma and response to mitotane
monotherapy: an ENSAT multicenter study. J Clin Endocrinol Metab 2020;105,
http://dx.doi.org/10.1210/clinem/dgaa293.

14] Terzolo M,  Angeli A, Fassnacht M,  Daffara F, Tauchmanova L, Conton PA,
et  al. Adjuvant mitotane treatment for adrenocortical carcinoma. N Engl J Med
2007;356:2372–80, http://dx.doi.org/10.1056/NEJMoa063360.

15] Else T, Kim AC, Sabolch A, Raymond VM,  Kandathil A, Caoili EM,
et  al. Adrenocortical carcinoma. Endocr Rev 2014;35:282–326,
http://dx.doi.org/10.1210/er.2013-1029.

16] Megerle F, Herrmann W,  Schloetelburg W,  Ronchi CL, Pulzer A, Quin-
kler M,  et al. Mitotane monotherapy in patients with advanced
adrenocortical carcinoma. J Clin Endocrinol Metab 2018;103:1686–95,
http://dx.doi.org/10.1210/jc.2017-02591.

17] Fassnacht M,  Terzolo M,  Allolio B, Baudin E, Haak H, Berruti A, et al. Com-
bination chemotherapy in advanced adrenocortical carcinoma. N Engl J Med
2012;366:2189–97, http://dx.doi.org/10.1056/NEJMoa1200966.

18] Urup T, Pawlak WZ,  Petersen PM,  Pappot H, Rørth M,  Daugaard G.  Treatment
with docetaxel and cisplatin in advanced adrenocortical carcinoma, a phase II
study. Br J Cancer 2013;108:1994–7, http://dx.doi.org/10.1038/bjc.2013.229.

19] Henning JEK, Deutschbein T, Altieri B, Steinhauer S, Kircher S, Sbiera S,
et  al. Gemcitabine-based chemotherapy in adrenocortical carcinoma: a mul-
ticenter study of efficacy and predictive factors. J Clin Endocrinol Metab

2017;102:4323–32, http://dx.doi.org/10.1210/jc.2017-01624.

20] Laganà M,  Grisanti S, Cosentini D, Ferrari VD, Lazzari B, Ambrosini R, et al.
Efficacy of the EDP-M scheme plus adjunctive surgery in the management
of  patients with advanced adrenocortical carcinoma: the Brescia Experience.
Cancers (Basel) 2020;12, http://dx.doi.org/10.3390/cancers12040941.

dx.doi.org/10.1210/jc.2013-3020
dx.doi.org/10.1530/EJE-13-0142
dx.doi.org/10.1038/nrendo.2010.235
dx.doi.org/10.1530/EJE-18-0608
dx.doi.org/10.1002/cncr.24030
dx.doi.org/10.1093/annonc/mdv329
dx.doi.org/10.1002/cncr.23886
dx.doi.org/10.1210/jc.2014-3182
dx.doi.org/10.1038/ng.2953
dx.doi.org/10.1210/jc.2018-01348
dx.doi.org/10.1210/jc.2010-0803
dx.doi.org/10.1245/s10434-015-4810-y
dx.doi.org/10.1210/clinem/dgaa293
dx.doi.org/10.1056/NEJMoa063360
dx.doi.org/10.1210/er.2013-1029
dx.doi.org/10.1210/jc.2017-02591
dx.doi.org/10.1056/NEJMoa1200966
dx.doi.org/10.1038/bjc.2013.229
dx.doi.org/10.1210/jc.2017-01624
dx.doi.org/10.3390/cancers12040941


 ING Model

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

ARTICLEANDO-1257; No. of Pages 7

V.  Amodru et al. 

21] Cosentini D, Badalamenti G, Grisanti S, Basile V, Rapa I, Cerri S, et al. Activity and
safety of temozolomide in advanced adrenocortical carcinoma patients. Eur J
Endocrinol 2019;181:681–9, http://dx.doi.org/10.1530/EJE-19-0570.

22]  Al Asadi A, Hubbs DM,  Sweigert PJ, Baker MS,  Kabaker AS. Analy-
sis  of adjuvant chemotherapy in patients undergoing curative-intent
resection of localized adrenocortical carcinoma. Am J Surg 2020,
http://dx.doi.org/10.1016/j.amjsurg.2020.10.038.

23] Mariniello B, Rosato A, Zuccolotto G, Rubin B, Cicala MV, Finco I,
et  al. Combination of sorafenib and everolimus impacts therapeutically
on adrenocortical tumor models. Endocr Relat Cancer 2012;19:527–39,
http://dx.doi.org/10.1530/ERC-11-0337.

24] Kroiss M,  Reuss M,  Kühner D, Johanssen S, Beyer M,  Zink M,  et al. Suni-
tinib inhibits cell proliferation and alters steroidogenesis by down-regulation
of  HSD3B2 in adrenocortical carcinoma cells. Front Endocrinol (Lausanne)
2011;2:27, http://dx.doi.org/10.3389/fendo.2011.00027.

25] Berruti A, Sperone P, Ferrero A, Germano A, Ardito A, Priola AM, et al. Phase
II  study of weekly paclitaxel and sorafenib as second/third-line therapy in
patients with adrenocortical carcinoma. Eur J Endocrinol 2012;166:451–8,
http://dx.doi.org/10.1530/EJE-11-0918.

26] Kroiss M,  Quinkler M,  Johanssen S, van Erp NP, Lankheet N, Pöllinger
A, et al. Sunitinib in refractory adrenocortical carcinoma: a phase II,
single-arm, open-label trial. J Clin Endocrinol Metab 2012;97:3495–503,
http://dx.doi.org/10.1210/jc.2012-1419.

27] Kroiss M,  Megerle F, Kurlbaum M,  Zimmermann S, Wendler J, Jimenez C,
et  al. Objective response and prolonged disease control of advanced adreno-
cortical carcinoma with cabozantinib. J Clin Endocrinol Metab 2020:105,
http://dx.doi.org/10.1210/clinem/dgz318.

28] De Martino MC,  Al Ghuzlan A, Aubert S, Assié G, Scoazec J-Y, Leboulleux
S,  et al. Molecular screening for a personalized treatment approach in
advanced adrenocortical cancer. J Clin Endocrinol Metab 2013;98:4080–8,
http://dx.doi.org/10.1210/jc.2013-2165.

29] Giordano TJ, Kuick R, Else T, Gauger PG, Vinco M,  Bauersfeld J,
et  al. Molecular classification and prognostication of adrenocortical
tumors by transcriptome profiling. Clin Cancer Res 2009;15:668–76,
http://dx.doi.org/10.1158/1078-0432.CCR-08-1067.

30] Papadopoulos KP, El-Rayes BF, Tolcher AW,  Patnaik A, Rasco DW,  Har-
vey  RD, et al. A phase 1 study of ARQ 087, an oral pan-FGFR inhibitor
in  patients with advanced solid tumours. Br J Cancer 2017;117:1592–9,
http://dx.doi.org/10.1038/bjc.2017.330.

31] Adam P, Hahner S, Hartmann M,  Heinrich B, Quinkler M,  Willenberg HS,
et  al. Epidermal growth factor receptor in adrenocortical tumors: analysis of
gene sequence, protein expression and correlation with clinical outcome. Mod
Pathol 2010;23:1596–604, http://dx.doi.org/10.1038/modpathol.2010.153.

32] Gagliano T, Gentilin E, Tagliati F, Benfini K, Di Pasquale C, Feo C, et al. Inhibition
of  epithelial growth factor receptor can play an important role in reduc-
ing  cell growth and survival in adrenocortical tumors. Biochem Pharmacol
2015;98:639–48, http://dx.doi.org/10.1016/j.bcp.2015.10.012.

33] Quinkler M, Hahner S, Wortmann S, Johanssen S, Adam P, Rit-
ter  C, et al. Treatment of advanced adrenocortical carcinoma with
erlotinib plus gemcitabine. J Clin Endocrinol Metab 2008;93:2057–62,
http://dx.doi.org/10.1210/jc.2007-2564.

34] Altieri B, Colao A, Faggiano A. The role of insulin-like growth factor
system in the adrenocortical tumors. Minerva Endocrinol 2019;44:43–57,
http://dx.doi.org/10.23736/S0391-1977.18.02882-1.

35] De Martino MC,  van Koetsveld PM,  Feelders RA, de Herder WW,  Dogan
F,  Janssen JAMJL, et al. IGF and mTOR pathway expression and in vitro
effects of linsitinib and mTOR inhibitors in adrenocortical cancer. Endocrine
2019;64:673–84, http://dx.doi.org/10.1007/s12020-019-01869-1.

36] Barlaskar FM,  Spalding AC, Heaton JH, Kuick R, Kim AC, Thomas DG,
et al. Preclinical targeting of the type I insulin-like growth factor recep-
tor in adrenocortical carcinoma. J Clin Endocrinol Metab 2009;94:204–12,
http://dx.doi.org/10.1210/jc.2008-1456.

37] Almeida MQ, Fragoso MCBV, Lotfi CFP, Santos MG,  Nishi MY,  Costa MHS,
et  al. Expression of insulin-like growth factor-II and its receptor in pediatric
and  adult adrenocortical tumors. J Clin Endocrinol Metab 2008;93:3524–31,
http://dx.doi.org/10.1210/jc.2008-0065.

38] Fassnacht M, Berruti A, Baudin E, Demeure MJ,  Gilbert J, Haak H, et al. Linsi-
tinib (OSI-906) versus placebo for patients with locally advanced or metastatic
adrenocortical carcinoma: a double-blind, randomised, phase 3 study. Lancet
Oncol 2015;16:426–35, http://dx.doi.org/10.1016/S1470-2045(15)70081-1.

39] Poli G, Cantini G, Armignacco R, Fucci R, Santi R, Canu L, et al. Metformin as a new
anti-cancer drug in adrenocortical carcinoma. Oncotarget 2016;7:49636–48,
http://dx.doi.org/10.18632/oncotarget.10421.

40] Naing A, Kurzrock R, Burger A, Gupta S, Lei X, Busaidy N, et al.
Phase I trial of cixutumumab combined with temsirolimus in
patients with advanced cancer. Clin Cancer Res 2011;17:6052–60,
http://dx.doi.org/10.1158/1078-0432.CCR-10-2979.

41] Ganesan P, Piha-Paul S, Naing A, Falchook G, Wheler J, Janku F, et al.
Phase I clinical trial of lenalidomide in combination with temsirolimus
in  patients with advanced cancer. Invest New Drugs 2013;31:1505–13,
http://dx.doi.org/10.1007/s10637-013-0013-1.
42] Smith DC, Kroiss M,  Kebebew E, Habra MA,  Chugh R, Schneider BJ, et al.
A  phase 1 study of nevanimibe HCl, a novel adrenal-specific sterol O-
acyltransferase 1 (SOAT1) inhibitor, in adrenocortical carcinoma. Invest New
Drugs 2020;38:1421–9, http://dx.doi.org/10.1007/s10637-020-00899-1.

[

6

 PRESS
Annales d’Endocrinologie xxx (xxxx) xxx–xxx

43] Marcus L, Lemery SJ, Keegan P, Pazdur R. FDA approval sum-
mary: pembrolizumab for the treatment of microsatellite
instability-high solid tumors. Clin Cancer Res 2019;25:3753–8,
http://dx.doi.org/10.1158/1078-0432.CCR-18-4070.

44] Raj N, Zheng Y, Kelly V, Katz SS, Chou J, Do RKG, et al. PD-1 block-
ade in advanced adrenocortical carcinoma. J Clin Oncol 2020;38:71–80,
http://dx.doi.org/10.1200/JCO.19.01586.

45] Carneiro BA, Konda B, Costa RB, Costa RLB, Sagar V, Gursel DB,
et  al. Nivolumab in metastatic adrenocortical carcinoma: results
of  a phase 2 trial. J Clin Endocrinol Metab 2019;104:6193–200,
http://dx.doi.org/10.1210/jc.2019-00600.

46] Bedrose S, Miller KC, Altameemi L, Ali MS,  Nassar S, Garg N, et al.
Combined lenvatinib and pembrolizumab as salvage therapy in
advanced adrenal cortical carcinoma. J Immunother Cancer 2020;8,
http://dx.doi.org/10.1136/jitc-2020-001009.

47] Le Tourneau C, Hoimes C, Zarwan C, Wong DJ, Bauer S, Claus R, et al. Avelumab
in  patients with previously treated metastatic adrenocortical carcinoma: phase
1b  results from the JAVELIN solid tumor trial. J Immunother Cancer 2018;6:111,
http://dx.doi.org/10.1186/s40425-018-0424-9.

48] Landwehr L-S, Altieri B, Schreiner J, Sbiera I, Weigand I, Kroiss M,  et al.
Interplay between glucocorticoids and tumor-infiltrating lymphocytes on
the prognosis of adrenocortical carcinoma. J Immunother Cancer 2020:8,
http://dx.doi.org/10.1136/jitc-2019-000469.

49] Zheng S, Cherniack AD, Dewal N, Moffitt RA, Danilova L, Murray BA, et al. Com-
prehensive pan-genomic characterization of adrenocortical carcinoma. Cancer
Cell  2016;29:723–36, http://dx.doi.org/10.1016/j.ccell.2016.04.002.

50]  Crona J, Beuschlein F. Adrenocortical carcinoma – towards
genomics guided clinical care. Nat Rev Endocrinol 2019;15:548–60,
http://dx.doi.org/10.1038/s41574-019-0221-7.

51] Altieri B, Ronchi CL, Kroiss M,  Fassnacht M.  Next-generation thera-
pies for adrenocortical carcinoma. Best Pract Res Clin Endocrinol Metab
2020;34:101434, http://dx.doi.org/10.1016/j.beem.2020.101434.

52] Borges KS, Pignatti E, Leng S, Kariyawasam D, Ruiz-Babot G, Ramalho
FS, et al. Wnt/�-catenin activation cooperates with loss of p53 to
cause adrenocortical carcinoma in mice. Oncogene 2020;39:5282–91,
http://dx.doi.org/10.1038/s41388-020-1358-5.

53] Leal LF, Bueno AC, Gomes DC, Abduch R, de Castro M,  Antonini SR. Inhibition
of  the Tcf/beta-catenin complex increases apoptosis and impairs adreno-
cortical tumor cell proliferation and adrenal steroidogenesis. Oncotarget
2015;6:43016–32, http://dx.doi.org/10.18632/oncotarget.5513.

54] Basham KJ, Rodriguez S, Turcu AF, Lerario AM,  Logan CY, Rysz-
tak MR,  et al. A ZNRF3-dependent Wnt/�-catenin signaling gradient
is required for adrenal homeostasis. Genes Dev 2019;33:209–20,
http://dx.doi.org/10.1101/gad.317412.118.

55] Zhu Y, Wang M,  Zhao X, Zhang L, Wu  Y, Wang B, et al. Rottlerin
as a novel chemotherapy agent for adrenocortical carcinoma. Oncotarget
2017;8:22825–34, http://dx.doi.org/10.18632/oncotarget.15221.

56] Ross JS, Wang K, Rand JV, Gay L, Presta MJ, Sheehan CE, et al.
Next-generation sequencing of adrenocortical carcinoma reveals
new routes to targeted therapies. J Clin Pathol 2014;67:968–73,
http://dx.doi.org/10.1136/jclinpath-2014-202514.

57] Liang R, Weigand I, Lippert J, Kircher S, Altieri B, Steinhauer S, et al. Targeted
gene expression profile reveals CDK4 as therapeutic target for selected patients
with adrenocortical carcinoma. Front Endocrinol (Lausanne) 2020;11:219,
http://dx.doi.org/10.3389/fendo.2020.00219.

58] Hadjadj D, Kim S-J, Denecker T, Ben Driss L, Cadoret J-C, Maric C, et al. A
hypothesis-driven approach identifies CDK4 and CDK6 inhibitors as candi-
date drugs for treatments of adrenocortical carcinomas. Aging (Albany NY)
2017;9:2695–716, http://dx.doi.org/10.18632/aging.101356.

59] Fiorentini C, Fragni M, Tiberio GAM, Galli D, Roca E, Salvi V, et al. Palbo-
ciclib inhibits proliferation of human adrenocortical tumor cells. Endocrine
2018;59:213–7, http://dx.doi.org/10.1007/s12020-017-1270-0.

60] Ronchi CL, Sbiera S, Leich E, Henzel K, Rosenwald A, Allolio B, et al. Single
nucleotide polymorphism array profiling of adrenocortical tumors – evi-
dence for an adenoma carcinoma sequence? PLoS One 2013;8:e73959,
http://dx.doi.org/10.1371/journal.pone.0073959.

61] Ronchi CL, Sbiera S, Altieri B, Steinhauer S, Wild V, Bekteshi M, et al.
Notch1 pathway in adrenocortical carcinomas: correlations with clinical
outcome. Endocr Relat Cancer 2015;22:531–43, http://dx.doi.org/10.1530/
ERC-15-0163.

62] Cook N, Basu B, Smith D-M, Gopinathan A, Evans J, Steward WP,  et al.
A  phase I trial of the �-secretase inhibitor MK-0752 in combination with
gemcitabine in patients with pancreatic ductal adenocarcinoma. Br J Cancer
2018;118:793–801, http://dx.doi.org/10.1038/bjc.2017.495.

63] Pereira SS, Monteiro MP,  Costa MM,  Ferreira J, Alves MG,  Oliveira
PF,  et al. MAPK/ERK pathway inhibition is a promising treatment
target for adrenocortical tumors. J Cell Biochem 2019;120:894–906,
http://dx.doi.org/10.1002/jcb.27451.

64] Kotoula V, Sozopoulos E, Litsiou H, Fanourakis G, Koletsa T, Voutsi-
nas G, et al. Mutational analysis of the BRAF, RAS and EGFR genes in
human adrenocortical carcinomas. Endocr Relat Cancer 2009;16:565–72,

http://dx.doi.org/10.1677/ERC-08-0101.

65] Guo XX, Wu  HL, Shi HY, Su L, Zhang X. The efficacy and safety of olaparib in the
treatment of cancers: a meta-analysis of randomized controlled trials. Cancer
Manag Res 2018;10:2553–62, http://dx.doi.org/10.2147/CMAR.S169558.

dx.doi.org/10.1530/EJE-19-0570
dx.doi.org/10.1016/j.amjsurg.2020.10.038
dx.doi.org/10.1530/ERC-11-0337
dx.doi.org/10.3389/fendo.2011.00027
dx.doi.org/10.1530/EJE-11-0918
dx.doi.org/10.1210/jc.2012-1419
dx.doi.org/10.1210/clinem/dgz318
dx.doi.org/10.1210/jc.2013-2165
dx.doi.org/10.1158/1078-0432.CCR-08-1067
dx.doi.org/10.1038/bjc.2017.330
dx.doi.org/10.1038/modpathol.2010.153
dx.doi.org/10.1016/j.bcp.2015.10.012
dx.doi.org/10.1210/jc.2007-2564
dx.doi.org/10.23736/S0391-1977.18.02882-1
dx.doi.org/10.1007/s12020-019-01869-1
dx.doi.org/10.1210/jc.2008-1456
dx.doi.org/10.1210/jc.2008-0065
dx.doi.org/10.1016/S1470-2045(15)70081-1
dx.doi.org/10.18632/oncotarget.10421
dx.doi.org/10.1158/1078-0432.CCR-10-2979
dx.doi.org/10.1007/s10637-013-0013-1
dx.doi.org/10.1007/s10637-020-00899-1
dx.doi.org/10.1158/1078-0432.CCR-18-4070
dx.doi.org/10.1200/JCO.19.01586
dx.doi.org/10.1210/jc.2019-00600
dx.doi.org/10.1136/jitc-2020-001009
dx.doi.org/10.1186/s40425-018-0424-9
dx.doi.org/10.1136/jitc-2019-000469
dx.doi.org/10.1016/j.ccell.2016.04.002
dx.doi.org/10.1038/s41574-019-0221-7
dx.doi.org/10.1016/j.beem.2020.101434
dx.doi.org/10.1038/s41388-020-1358-5
dx.doi.org/10.18632/oncotarget.5513
dx.doi.org/10.1101/gad.317412.118
dx.doi.org/10.18632/oncotarget.15221
dx.doi.org/10.1136/jclinpath-2014-202514
dx.doi.org/10.3389/fendo.2020.00219
dx.doi.org/10.18632/aging.101356
dx.doi.org/10.1007/s12020-017-1270-0
dx.doi.org/10.1371/journal.pone.0073959
dx.doi.org/10.1530/ERC-15-0163
dx.doi.org/10.1530/ERC-15-0163
dx.doi.org/10.1038/bjc.2017.495
dx.doi.org/10.1002/jcb.27451
dx.doi.org/10.1677/ERC-08-0101
dx.doi.org/10.2147/CMAR.S169558


 ING Model

[

[

ARTICLEANDO-1257; No. of Pages 7

V.  Amodru et al. 

66] Grisanti S, Filice A, Basile V, Cosentini D, Rapa I, Albano D, et al. Treatment

with 90Y/177Lu-DOTATOC in patients with metastatic adrenocortical carci-
noma expressing somatostatin receptors. J Clin Endocrinol Metab 2020:105,
http://dx.doi.org/10.1210/clinem/dgz091.

67] Takeshita A, Igarashi-Migitaka J, Koibuchi N, Takeuchi Y. Mitotane
induces CYP3A4 expression via activation of the steroid and xenobio-

[

7

 PRESS
Annales d’Endocrinologie xxx (xxxx) xxx–xxx

tic receptor. J Endocrinol 2013;216:297–305, http://dx.doi.org/10.1530/

JOE-12-0297.

68] Kroiss M, Quinkler M, Lutz WK,  Allolio B, Fassnacht M.  Drug interactions
with mitotane by induction of CYP3A4 metabolism in the clinical manage-
ment of adrenocortical carcinoma. Clin Endocrinol (Oxf) 2011;75:585–91,
http://dx.doi.org/10.1111/j.1365-2265.2011.04214.x.

dx.doi.org/10.1210/clinem/dgz091
dx.doi.org/10.1530/JOE-12-0297
dx.doi.org/10.1530/JOE-12-0297
dx.doi.org/10.1111/j.1365-2265.2011.04214.x

	Medical management of adrenocortical carcinoma: Current recommendations, new therapeutic options and future perspectives
	1 Introduction
	2 Currently recommended therapies
	2.1 Mitotane
	2.2 Cytotoxic chemotherapy

	3 New therapeutic modalities: Targeted therapies and Immunotherapy
	3.1 Targeted therapies
	3.1.1 Tyrosine kinase inhibitors (TKI)
	3.1.1.1 Multi-tyrosine kinase inhibitors (mTKI)
	3.1.1.2 Selective tyrosine kinase inhibitors (TKI)

	3.1.2 Insulin-like growth factor (IGF) pathway inhibitors
	3.1.3 Mammalian target of rapamycin (mTOR) signalling pathway
	3.1.4 Sterol-O-acetyltransferase (SOAT1) inhibitors

	3.2 Immunotherapy
	3.2.1 PD-1 antagonists
	3.2.2 PD-L1 antagonists


	4 Perspectives: future molecular targets
	4.1 Inhibitors of the Wnt/catenin signalling pathway
	4.2 Inhibitors of the cyclin-dependent kinase (CDK) signalling pathway
	4.3 Inhibitors of the Notch signalling pathway
	4.4 Inhibitors of MAP/ERK signalling pathway
	4.4.1 NF1
	4.4.2 BRAF

	4.5 PARP inhibitors
	4.6 Yttrium-90/lutetium-177-DOTATOC (90Y/177Lu-DOTATOC)

	5 Conclusion
	Disclosure of interest
	Acknowledgements
	References


