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Abstract Adrenocortical carcinoma (ACC) is an aggressive
malignancy, which lacks an effective systemic treatment. Ab-
normal activation of insulin-like growth factor receptor 1
(IGF1R) has been frequently observed. Preclinical studies
demonstrated that pharmacological inhibition of IGF1R sig-
naling in ACC has antiproliferative effects. A previous phase I
trial with an IGF1R inhibitor has demonstrated biological
activity against ACC. The objective of this study is to assess
the efficacy of the combination of the IGF1R inhibitor

cixutumumab (IMC-A12) in association with mitotane as a
first-line treatment for advanced/metastatic ACC. We
conducted a multicenter, randomized double-arm phase II trial
in patients with irresectable recurrent/metastatic ACC. The
original protocol included two treatment groups: IMC-A12 +
mitotane and mitotane as a single agent, after an initial single-
arm phase for safety evaluation with IMC-A12 + mitotane.
IMC-A12 was dosed at 10 mg/kg intravenously every
2 weeks. The starting dose for mitotane was 2 g daily,
subsequently adjusted according to serum levels/symptoms.
The primary endpoint was progression-free survival (PFS)
according to RECIST (Response Evaluation Criteria in Solid
Tumors). This study was terminated before the randomization
phase due to slow accrual and limited efficacy. Twenty
patients (13 males, 7 females) with a median age of 50.2 years
(range 21.9–79.6) were enrolled for the single-arm phase.
Therapeutic effects were observed in 8/20 patients, including
one partial response and seven stable diseases. The median
PFS was 6 weeks (range 2.66–48). Toxic events included two
grade 4 (hyperglycemia and hyponatremia) and one grade 5
(multiorgan failure). Although the regimen demonstrated
activity in some patients, the relatively low therapeutic efficacy
precluded further studies with this combination of drugs.

Introduction

Adrenocortical carcinoma (ACC) is a rare tumor, with an
estimated worldwide annual prevalence of 0.5 to 2 cases per
million [14]. About half of newly diagnosed ACC patients
present with advanced/metastatic disease [8]. In this scenario,
the 5-year survival rates are dismal, usually less than 15% [8].
High recurrence rates are observed even in early-stage patients
in whom a complete resection could be accomplished [17].
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Therapeutic options for advanced disease are associated with
adverse effects and do not clearly improve survival [9].
Mitotane remains the only FDA-approved drug for metastatic
ACC. The reported response rates for mitotane as a single
agent are based on uncontrolled trials and small case series
averaging 32 % [23]. The progression-free survival (PFS) of
patients treated with mitotane only remains unknown. Recent-
ly, a phase III prospective trial compared the efficacy of two
multidrug regimens: streptozotocin plus mitotane (Sz+M) and
cisplatin, etoposide, doxorubicin plus mitotane (EDP+M),
favoring EDP+M as the first-line option [10]. However, the
majority of the patients experienced a rapid and inexorable
progression. Therefore, new therapies for advanced ACC are
urgently needed.

In recent years, molecular-targeted therapies have been
proposed as therapeutic options for different types of cancer.
In ACC, several studies have demonstrated a significant role
for insulin-like growth factor system activation in tumorigen-
esis. High expression levels of insulin-like growth factor 2
(IGF2) have been demonstrated in 80–90 % of ACCs [2, 11,
13, 16]. The mitogenic effects of IGF2 are mediated by the
insulin-like growth factor receptor 1 (IGF1R), which is also
highly expressed in ACC [4, 11]. IGF1R is a membrane
tyrosine kinase-associated receptor (RTK) that upon ligand
binding forms a dimer with other IGF1R, leading to
transphosphorylation and recruitment of insulin receptor sub-
strates (IRS) and Src homology adaptor proteins. Signaling
transduction occurs by activation of the phosphoinositide-3-
kinase/v-akt murine thymoma viral oncogene homolog
(PI3K/AKT) and RAS/RAF/mitogen-activated protein kinase
(MAPK) pathways [12]. In addition to IGF1R, IGF2 has also
high affinity for the short isoform of the insulin receptor (IR-
A) [5]. Unlike the long isoform (IR-B), which is preferentially
expressed in adult tissues and mediates metabolic effects, IR-
A is more prevalent in fetal tissues and its activation promotes
cell proliferation. High IR-A expression levels have also been
documented in some cancer types and may induce resistance
to IGF1R inhibitors since these drugs do not target IR-A [5].
Preclinical studies have demonstrated that inhibition of
IGF1R signaling significantly reduces cell proliferation and
enhances apoptosis [2, 4]. Moreover, preclinical data have
shown that inhibition of IGF1R potentiates mitotane cytotoxic
activity [2, 4]. A phase I trial of a monoclonal antibody
targeting IGF1R for advanced ACC has demonstrated good
tolerability and activity against the disease [15].

Cixutumumab (IMC-A12) is a recombinant human IgG1
monoclonal antibody directed at the IGF1R. IMC-A12 binds
IGF1R with high affinity, blocking the interaction with its
ligands. IMC-A12 has demonstrated tumor growth inhibition
in experimental models and clinical trials in a wide variety of
human cancers [6, 1, 3]. In addition, the combination of IMC-
A12 with other agents and radiation therapy has demonstrated
synergistic effects [19, 24, 7, 18]. The aim of the present study

was to assess the therapeutic efficacy of the combination of
IMC-A12 with mitotane as a first-line treatment in patients
with recurrent/metastatic ACC.

Materials and Methods

Patients Adults with progressive, unresectable, or metastatic
histologically proven ACC were eligible for this study. Main
inclusion criteria were at least one measurable tumor lesion;
no previous treatments with cytotoxic or molecular-targeted
drugs; ECOG performance status ≤2; adequate hematopoietic,
renal, and hepatic functions; and previous mitotane treatment
for no more than 8 weeks with good tolerance. This trial was
performed according to the principles embodied in the Decla-
ration of Helsinki and was approved by the IRB of each
participating institution; all enrolled patients signed an informed
consent. This trial was registered on ClinicalTrials.gov
(NCT00778817).

Study Design A flowchart with the study protocol is shown in
Fig. 1. The original design included a phase I run-in single arm
with the combined treatment (mitotane+IMC-A12), followed
by a randomized, open-label, double-arm phase II trial in
which patients would be randomized to receive mitotane as
a single agent or the combined regimen (mitotane+IMC-
A12). The main goal of phase II was to assess whether the
combination regimen (mitotane+IMC-A12) could provide
additional benefits over monotherapy with mitotane,
mirroring the synergistic effects observed in vitro [4]. Since
the combination of mitotane and IMC-A12 had not been
previously tested in patients and it was being proposed as a
first-line treatment, it was important to provide preliminary
evidence of activity and to assure no unexpected toxicities.
For this reason, the original design of the study included a
phase I single arm in 20 patients with the combined treatment
(mitotane+IMC-A12). A review of the data following the run-
in phase was planned to assess the efficacy and tolerability of
the regimen although no formal stopping rules were defined.
The primary endpoint was PFS according to RECIST (Re-
sponse Evaluation Criteria in Solid Tumors) criteria. Patients
were allowed to have received mitotane for no longer than
8 weeks before enrollment. Due to slow accrual and limited
antitumor activity, the study was terminated before the
randomization phase commenced.

Treatment IMC-A12 was dosed at 10 mg/kg intravenously as
a single 1-h infusion every 2 weeks. The starting dose for
mitotane was 2 g orally on a daily basis. Dose adjustments
were based on symptoms and serum levels. Glucocorticoid
replacement therapy (oral hydrocortisone 10–30 mg every
morning and 5–15 mg every evening) was initiated concom-
itantly with mitotane. Fludrocortisone replacement was
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initiated if a patient presented signs of mineralocorticoid de-
ficiency. Treatment was withheld for hematological toxicity
grade ≥3 or nonhematological toxicity grade ≥2 and resumed
after recovery for grade ≤2 for hematological and ≤1 for
nonhematological. IMC-A12 dose reductions to 8 and
6 mg/kg were allowed.

Efficacy and Safety Evaluation Clinical evaluation and toxic-
ity assessment were performed every 2 weeks for the first
12 weeks and every 6 weeks thereafter. Biochemical exams
included a complete blood count, serum electrolytes, blood
urea nitrogen, serum creatinine, aspartate-aminotransferase
(AST), alanine-aminotransferase (ALT), alkaline phospha-
tase, random blood sugar, and HbA1c.

Response Assessment Tumor response assessment was per-
formed with appropriate imaging methods (CT scans or MRI)
every 6 weeks according to RECIST criteria.

Results

Patient Characteristics From December 2008 to January
2012, a total of 20 chemotherapy-naïve patients (13 males, 7
females) with recurrent or unresectable/metastatic ACC were
enrolled on the study. Themedian of the age of the participants

was 50.2 years (range 21.9–79.6). Patient characteristics are
summarized in Table 1.

Antitumor Activity A partial response was observed in one
patient (objective response rate 5 %; [95 % CI 0.89–23.6]). In
addition, SD was observed in seven patients. The median PFS
was 6 weeks (range 2.66–48). A consort diagram including
patient outcomes is shown in Fig. 2. The best responses for the
15 study patients who were evaluable by RECIST are shown
in Fig. 3.

Toxicity Table 2 summarizes frequently observed toxic
events. The most common events were neurological/
psychiatric and gastrointestinal, mirroring the toxicity
profile of mitotane. Grade 4 events included hypergly-
cemia (one event) and hyponatremia (one event). One
patient was excluded from the study at 12 weeks due to
persistent grade 3 ALT elevation. One patient died from
multiorgan failure in the course of the treatment. This
patient had extensive metastatic disease and was
exhibiting significant tumor shrinkage at the time of
death. The underlying conditions that caused multiorgan
failure could not be established.

Because of the limited efficacy, slow accrual, and observed
toxicities, the study was terminated after completion of the
single-arm run-in.

Fig. 1 Flowchart representing
the original study protocol
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Discussion and Conclusion

Therapeutic options for metastatic ACC remain very limited.
Recently, EDP+M was recommended as a first-line treatment
based on the results of a phase III trial [10]. However, EDP+
M is highly toxic, and majority of the patients will experience
disease progression. Clearly, better systemic treatments are
urgently needed. Recently, molecular-targeted drugs have
emerged as promising therapeutic options for advanced can-
cer. For ACC, different studies have demonstrated that acti-
vation of the IGF system is the most frequent molecular
abnormality. Thus, targeting the IGF1R would be a logical
approach to treat advanced ACC. In fact, data from preclinical
studies have shown promising results. In addition, a synergis-
tic effect with mitotane was observed [2, 4]. A phase I trial
with figitumumab, a monoclonal antibody that inhibits the
IGF1R, has demonstrated activity in some patients with ad-
vanced ACC, with few toxic effects [15]. However, the pa-
tients enrolled in this trial had been heavily pretreated with
multiple lines of systemic agents, including mitotane. Thus,
the potential synergistic effects specific to mitotane and
IGF1R inhibition could not be evaluated. In the current study,

we evaluated the efficacy of the combination of IMC-A12 and
mitotane as a first-line therapy for advanced ACC inmitotane-
naïve patients. This trial was specifically designed to assess
whether the synergistic effects between mitotane and IGF1R
inhibitors, as demonstrated by preclinical studies, also occur
in the clinical setting. Despite being initially designed as a
phase II trial aiming to compare the efficacy of the combina-
tion regimen versus mitotane alone, this study was terminated
in the safety evaluation phase because of slow patient accrual
and relatively poor response rates. The reasons for the low
accrual rates observed in this trial were probably related to the
rarity of patients that met inclusion criteria (chemotherapy-
naïve). Other reasons may include competition with other
concurrent trials/oncology centers. In addition, PD was docu-
mented in the majority of patients at 6 weeks and median PFS
in patients treated with mitotane+IMC-A12 was lower than
that reported in patients treated with EDP+M (6 versus
20 weeks) [10]. Compared to historical data involving the
use of mitotane as a single agent in which tumor shrinkage
is observed in 32 % of patients [23], the addition of IMC-A12
did not seem to be of clinical benefit. One of the reasons that
may explain the low efficacy of the regimen is related to the

Table 1 Demographic characteristics at baseline and best response to treatment of individual patients

Patient Age
(years)

Sex ECOG
status

Affected sites Primary
tumor Tx

Sum of LD
(target lesions)

Best
response

Best response Number of
weeks

Reason for
termination

1 48.8 M 0 Peritoneum,
retroperitoneum

Surgery + adj.
RxTx

10.3 5 SD 12 PD

2 48.9 F 1 Liver, lungs Surgery 22.1 −5.8 SD 10 Withdrew

3 48.6 M 0 Liver, lungs Surgery 3.5 – PD (interval progression
documented
by PET-CT)

6 PD

4 21.9 M 0 Liver Surgery 1.1 64 PD 6 PD

5 38 F 0 Lungs Surgery 4.4 23 PD 6 PD

6 23.1 M 0 Liver, lungs – 20.2 7 PD 4 Clinical
progression

7 35.9 M 0 Liver, lungs, lymph
nodes

Surgery 5.9 – PD (new lesion) 6 PD

8 55.1 M 0 Liver – 21 – PD (clinical
progression)

2.6 PD

9 55.5 F 1 Liver Surgery 25.5 10.6 SD 12 PD

10 79.6 M 0 Liver, peritoneum,
lymph nodes

Surgery + adj. RxTx 11.8 18.9 SD 12 PD

11 29.6 M 0 Liver, peritoneum Surgery 5.9 49 PD 6 PD

12 52.7 F 0 Lungs Surgery 2.2 −18 SD 18 PD

13 68 M 1 Liver, lymph nodes – 22.2 0 SD 6.2 Adverse events

14 23.2 F 0 Kidney Surgery 1.9 20 PD 6 PD

15 51.9 M 1 Liver, lungs Surgery 2.8 71 PD 6 PD

16 74.5 M 0 Liver, lungs, peritoneum Surgery 16.8 25 PD 6 PD

17 51.3 M 1 Liver, lungs, peritoneum Surgery 14 −49 PR 18.4 Adverse events

18 53.9 F 1 Lungs, peritoneum,
spleen

Surgery 26.1 −18 SD 48 Withdrew

19 74 F 1 Liver Surgery 11.8 – PD (new lesion) 6 PD

20 49.2 M 1 Liver, lymph nodes,
pleura

Surgery 6.7 – PD (clinical
progression)

3 Clinical
progression

PD progressive disease, PR partial response, SD stable disease, LD largest diameters
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pharmacodynamics of mitotane. Since the therapeutic re-
sponse of mitotane therapy is strictly dependent on its serum
level and in most cases it takes several weeks to achieve
therapeutic concentrations [9], it might be possible that the
majority of the patients in this trial had subtherapeutical levels
when the progression was documented. Unfortunately,
mitotane serum levels were not available for the majority of
the patients since most of them presented disease progression
before the time point that mitotane serum levels are usually

measured. In addition, we observed significant toxic effects,
including two grade 4 and one grade 5. Except for hypergly-
cemia (a common toxic effect of IMC-A12), most of the
commonly observed adverse reactions are known to be
mitotane-related. Whether IMC-A12 could have potentiated
these adverse effects could not be assessed since the study was
terminated before the randomization phase.

A definitive conclusion regarding the benefits of the com-
bined regimen over mitotane alone could not be drawn.

Fig. 2 Consort diagram
representing patient enrollment
and the outcomes observed
during the trial

Fig. 3 Waterfall plot showing
best response by RECIST in 15
patients
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However, some observations can be made. First, the regimen
seems to be active in a small subset of patients. This result
reproduces the findings of a previous trial involving an IGF1R
inhibitor in ACC [15]. Similarly to our results, trials involving
IGF1R inhibition in other tumors, such as NSCLC and Ewing
sarcoma, were also disappointing, in spite of preclinical stud-
ies that provided encouraging results [21, 22, 26]. The chal-
lenge for future trials is to correctly identify subgroups of
patients that may benefit from IGF1R inhibitors. In our study,
due to the limited number of patients, no conclusion can be
drawn regarding specific clinical characteristics that might
predict response. Abnormalities in IGF signaling pathway
have been shown to mediate resistance to IGF1R inhibitors.
Particularly, abnormally high expression of IR-A has been
observed in different cancer types and is associated to resis-
tance to IGF1R inhibitors [5]. Whether this phenomenon was
responsible for therapeutical failure in ACC is currently un-
known. Unfortunately, in this trial, biosamples were not avail-
able to test this hypothesis.

Other possible molecular mechanism that may contribute
for resistance to IGF1R inhibitors is the crosstalk and func-
tional redundancy between different oncogenic pathways
[25]. Preclinical studies and clinical trials have suggested that
the combination of different targeted agents could be an
interesting approach to overcome drug resistance [25]. An
interesting drug regimen that has emerged is the combination
of the mammalian target of rapamycin (mTOR) and IGF1R
inhibitors. mTOR is a downstream target of the PI3K–AKT
pathway, and therefore, is also activated by IGF1R signaling.
Interestingly, mTOR inhibitors are known to cause feedback
increase in AKT signaling by an IGF1R-independent mecha-
nism, which overcomes its antiproliferative effects. More
recently, it has been demonstrated that treatment with IGF1R
inhibitors may paradoxically increase mTOR signaling [27].
Thus, pharmacological inhibition of both IGF1R and mTOR
may have complementary effects on inhibiting proliferative
cell signaling. The efficacy of this approach has been demon-
strated in clinical trials. In ACC, a recent extension study of
phase 1 trial assessed the combination of IMC-A12 and
temsirolimus. Stable disease lasting more than 6 months was
observed in 42 % of the participants, suggesting that the dual-
blockage strategy is an attractive and viable option [20].

In conclusion, we tested for the first time a combination
regimen consisting of mitotane and cixutumumab as a first-
line treatment for inoperable/metastatic ACC. Although bio-
logical activity was demonstrated in some patients, the rela-
tively low therapeutic efficacy along with potentially fatal
toxic effects precluded further studies with this combination
of drugs. Although the results of IGF1R inhibitors as single
agents in ACC have been disappointing, these drugs may still
have a role in selected subgroups of patients who are sensitive
and in combination regimens with either cytotoxic chemother-
apy or other targeted agents. However, biomarkers of

Table 2 Common treatment-related toxic effects

Toxicity Grade
1

Grade
2

Grade
3

Grade
4

Grade
5

Gastrointestinal

Diarrhea 13 1

Nausea 8 3

Vomiting 2 1

Abdominal pain 2

Abdominal distension 1

Flatulence 2 1

Neuro/psychiatric

Confusion 2 1

Dizziness 5

Cognitive disturbance 1

Depressed level of
consciousness

1

Dysphasia 1

Headache 1 4

Memory impairment 3

Peripheral sensory neuropathy 2

Tinnitus 8

Tremor 4

General

Anorexia 2

Chills 1

Fatigue 7 3

Fever 2 1

Flu-like symptoms 1

Multiorgan failure 1

Weight loss 2 1

Investigational

Increased ALT 4 5 1

Increased AST 8 3

Increased alkaline phosphatase 2 1

Increased bilirubin 1

Anemia 2 1

Hypoglycemia 1

Hyperglycemia 5 2 4 1

High cholesterol 6 1 1

High creatinine 1

Hypertriglyceridemia 6 2

Hypoalbuminemia 1

Hyponatremia 1

Hypophosphatemia 1

Lymphopenia 1

Platelet count decreased 2

Other

Allergic reaction 1

Dehydration 1

Generalized muscle weakness 2

Hematuria 2

Hypotension 1

Injection site reaction 1

Nail loss 1

Pruritus 2

Maculopapular rash 3 1
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therapeutic response to IGF1R in ACC remain unknown, as
does the optimal combination of drugs. Future trials should be
designed to specifically address these questions. Unfortunate-
ly, efficacious treatment protocols for advanced ACC remain
elusive.
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