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Abstract
Purpose Insulin-like growth factor 1 receptor signaling
through upregulation of the stimulatory ligand IGF-II has
been implicated in the pathogenesis of adrenocortical carci-
noma. As there is a paucity of eVective therapies, this dose
expansion cohort of a phase 1 study was undertaken to
determine the safety, tolerability, pharmacokinetics, and
eVects on endocrine markers of Wgitumumab in patients
with adrenocortical carcinoma.
Methods Figitumumab was administered on day 1 of each
21-day cycle at the maximal feasible dose (20 mg/kg) to a
cohort of patients with metastatic, refractory adrenocortical
carcinoma. Serum glucose, insulin, and growth hormone
were measured pre-study, at cycle 4 and study end. Pharma-
cokinetic evaluation was performed during cycles 1 and 4.
Results Fourteen patients with adrenocortical carcinoma
received 50 cycles of Wgitumumab at the 20 mg/kg. Treat-
ment-related toxicities were generally mild and included
hyperglycemia, nausea, fatigue, and anorexia. Single epi-
sodes of grade 4 hyperuricemia, proteinuria, and elevated
gamma-glutamyltransferase were observed. Pharmacokinetics

of Wgitumumab was comparable to patients with solid
tumors other than adrenocortical carcinoma. Treatment with
Wgitumumab increased serum insulin and growth hormone
levels. Eight of 14 patients (57%) had stable disease.
Conclusions The side eVect proWle and pharmacokinetics
of Wgitumumab were similar in patients with adrenocortical
carcinoma in comparison to patients with other solid
tumors. While hyperglycemia was the most common
adverse event, no clear patterns predicting severity were
observed. The majority of patients receiving protocol ther-
apy with single agent Wgitumumab experienced stability of
disease, warranting further evaluation.
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Introduction

The insulin-like growth factor (IGF) system is a complex
signaling pathway that is important for human development
and growth [1]. Data accumulating over the last three
decades have also implicated the IGF system as an impor-
tant factor in the development, proliferation, survival, and
metastatic potential of many human cancers [2–7]. In addi-
tion, studies in a variety of pre-clinical models have dem-
onstrated that IGF signaling can provide malignant tumors
a mechanism by which they can overcome the anti-tumor
eVects of various therapies including: cytotoxic chemother-
apy, biological or ‘targeted’ therapies, hormonal therapy,
and radiation therapy [8–16]. The activation of the IGF sys-
tem occurs through the interaction between the circulating
stimulatory ligands, IGF-1 and IGF-II, and the membrane
bound cognate receptor, IGF-1R [17, 18]. IGF-1R activa-
tion is necessary for propagation of the mitogenic eVects of
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IGF signaling. In normal tissue, activation of IGF-1R is
highly regulated at multiple levels including transcriptional
repression of the ligand expression, binding of circulating
ligand by binding proteins (i.e., IGFBPs), and a non-signal-
ing ‘sink’ receptor, IGF-IIR. However, in human malignan-
cies these high levels of regulation may be perturbed,
leading to over activated IGF-1R signaling [19].

Adrenocortical carcinoma (ACC) is a particularly diY-
cult tumor to treat once resection of a local tumor is no
longer an option [20, 21]. In addition to the propensity of
this rare malignancy to overproduce functional steroids that
deWne the diVerentiated state of adrenocortical cells, ACC
has the distinction of being a relatively chemotherapy-resis-
tant tumor [22]. While recent reports indicate that the
adrenalytic drug mitotane has beneWt in reducing the recur-
rence of ACC after radical surgery, its eYcacy in metastatic
disease are modest, and, when given at therapeutically
eVective doses, limited by toxicity [23]. Recent advances in
our understanding of ACC have suggested that the IGF sys-
tem may have a key role in the pathogenesis of ACC. Tran-
scriptional proWling of clinical tumor tissue from ACC
patients have shown that the IGF-II gene is the most upreg-
ulated transcript in up to 90% of ACC compared to normal
adrenal tissue [24–26]. Also, human ACC appears to typi-
cally express high levels of the IGF-1R protein, suggesting
that the system is activated in the majority of cases [27].

Figitumumab (CP-751,871) is a fully human IgG2 mono-
clonal antibody that binds and downregulates IGF-1R, as well
as blocks its activation by IGF-1 and IGF-II [28]. We have
previously reported that Wgitumumab was very well tolerated
and showed a favorable pharmacokinetic proWle in patients
with solid tumors [29]. In a wide variety of tumor types,
Wgitumumab also demonstrated pharmacodynamic eVects con-
sistent with downregulation of IGF-1R and evidence of anti-
tumor activity. Armed with our recent pre-clinical data that
targeting the IGF-1R in human ACC cells eVectively antago-
nizes downstream activation of AKT and has a marked inhibi-
tory eVect on tumor growth in human ACC xenograft models,
we aimed to initiate a Phase I trial of IGF-1R inhibition in
patients with ACC [30]. Due to the great need for therapies in
ACC, the role of IGF-II in ACC, and the tolerability of
Wgitumumab, a dose expansion cohort of patients with refrac-
tory ACC was treated with Wgitumumab at the maximal feasi-
ble dose (MFD) of 20 mg/kg. We now report the results of our
clinical experience with this agent in patients with ACC.

Patients and methods

Trial design

A phase I, open-label, dose-escalation study of Wgitumumab
administered intravenously in patients with advanced solid

tumors in 21-day cycles was conducted. Throughout the
study patients received single agent Wgitumumab by intrave-
nous infusion on day 1, every 21-days. The maximal feasi-
ble dose was determined to be 20 mg/kg. The results of the
dose-escalation portion of the study have been reported else-
where [29]. Due to the pre-clinical data supporting the role
of IGF signaling in ACC, a cohort of patients with meta-
static, refractory adrenocortical carcinoma was accrued at
the maximally feasible dose of 20 mg/kg at three institutions
(University of Michigan, Mayo Clinic, and Royal Marsden).
The goals of this expansion cohort was to determine the
safety, tolerability, evaluated the pharmacokinetics, and
describe any evidence of clinical beneWts of Wgitumumab
in patients with ACC. Patients received single agent
Wgitumumab at a dose of 20 mg/kg, given every 21 days.
Figitumumab treatment was continued at this dose as long
as it was well tolerated and there was no evidence of disease
progression. In addition to the 14 ACC patients, an addi-
tional 29 patients with solid tumors other than ACC were
treated at the 20 mg/kg dose level. This included 17 patients
with sarcoma (5 synovial sarcomas, 4 Ewings sarcomas, 2
desmoplastic small round cell tumors, 2 rhabdomyosarco-
mas, 2 Wbrosarcomas, 1 chondrosarcoma, and 1 peripheral
neuroectodermal tumor) and 12 patients other tumor types
(3 colorectal carcinomas, 3 non-small cell lung cancers, 2
thymomas, 2 prostate cancers, and one each of bladder and
pseudomyxoma peritonei). This report focuses on the results
of the 14 adrenocortical carcinoma patients treated in this
dose expansion cohort at the maximal feasible dose of
20 mg/kg every 21-days.

Patients

Eligible patients were required to have histological or cyto-
logical evidence of metastatic or advanced ACC (for the
ACC cohort only) and failed standard eVective therapies.
Patients were required to be 18 years of age or older with
an Eastern Cooperative Oncology Group performance sta-
tus of 0 or 1. Additional eligibility criteria included: ade-
quate bone marrow, renal and hepatic function (absolute
neutrophil count ¸1000/�l, hemoglobin ¸8 g/dl, platelets
>75,000/�l, creatinine clearance >30 ml/min, total bilirubin
<1.5 £ the institution upper limit of normal [ULN], aspar-
tate aminotransferase (AST) and alanine aminotransferase
(ALT) <2.5 £ ULN); fully recovered from prior anti-
cancer treatments; and use of adequate contraception in
patients with reproductive potential. Due to evidence of
non-pathological, lymphocyte/granulocyte inWltration of
unclear signiWcance in the cardiac valves during pre-clini-
cal toxicology studies with Wgitumumab, all patients were
required to have no evidence of mitral valve regurgitation
(·trivial) as determined by cardiologist evaluation based
on precautionary echocardiographic assessments.
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Patients were excluded if they were on approved or
experimental anti-cancer therapy within 4 weeks of study
treatment. Patients were also excluded within 8 weeks of
mitomycin C or nitrosoureas, 4 weeks of major surgery,
4 weeks of immunotherapy or other biological therapy,
10 days of palliative radiation therapy or 10 days of hor-
monal therapy. Additional exclusion criteria were symp-
tomatic or untreated brain metastases, women who were
pregnant or breastfeeding, signiWcant active cardiac dis-
ease, concomitant high dose corticosteroids (¸100 mg
prednisone/day or equivalent), serious active infection,
other uncontrolled signiWcant medical illness, psychiatric
illness, or social situation that would preclude study partici-
pation. Concomitant use of mitotane was allowed.

The study protocol was approved by the institutional
review boards of the centers participating in this study. All
patients gave written informed consent. The study was con-
ducted in accordance with the Declaration of Helsinki and
its amendments.

Patient evaluation

Safety assessments were performed during each treatment
cycle. All patients receiving at least one dose of
Wgitumumab were assessed for safety. Treatment-related
adverse events were deWned as those that were possibly,
probably, or deWnitely related to Wgitumumab administra-
tion and occurred during the period from the time of the
Wrst dose until 150 days after the last dose. Dose-limiting
toxicity was deWned as a treatment-related (either possible,
probably, or deWnite Wgitumumab attribution) adverse
events that occurred in cycle 1 that aVected vital organ
function or caused a severe infusion reaction. Addition-
ally, due to pre-clinical toxicological, non-pathological
Wndings of lymphocyte inWltration in primate cardiac
valves following treatment with high dose Wgitumumab,
echocardiography was performed pre-study, and after
every two cycles to ensure identiWcation of any possible
cardiac abnormality. The clinical protocol deWned dose
limiting toxicity as any of the following that occurred dur-
ing cycle 1 and was treatment-related: (1) National Cancer
Institute Common Terminology Criteria for Adverse
Events (NCI CTCAE) hematologic toxicity ¸ grade 4 last-
ing >7 days or required therapy (growth factor support,
transfusion, or hospitalization for complications such as
bleeding); (2) Non-hematologic toxicity ¸ grade 3 despite
optimal supportive care; (3) Infusion reaction ¸ grade 2
aVecting vital organs; (4) Clinically relevant mitral valve
regurgitation (>mild). Patients were assessed for subacute
and late toxicities up to 150 days following the last dose.
Tumor response was assessed every 2 cycles radiographi-
cally using Response Evaluation Criteria In Solid Tumors
(RECIST) criteria.

Pharmacokinetic analysis

Blood samples were collected in sodium heparin-contain-
ing tubes at the following times during cycle 1 and cycle 4:
30 min prior to and 1 h, 24 h, 3 days, 7 days, and 14 days
post-end of the Wgitumumab infusion. Additional samples
were collected 30 min prior to and 1 h post-end of the
Wgitumumab infusion in cycles 2 and 3, 30 min prior to
Wgitumumab infusion in cycles 5 and beyond, and at the
end of the study.

Plasma concentrations of Wgitumumab were analyzed by
a validated ELISA method, as previously described [28].
The lower limit of quantitation was 120 ng/ml. Plasma
concentration–time data of Wgitumumab were analyzed by
non-compartmental methods using WinNonlin V.3.2 (Phar-
sight®, Mountain View, CA) [31]. For treatment cycles
with suYcient data, area under the plasma concentration–
time curve (AUC) from time 0 to the last sampling time
point with quantiWable concentration within a cycle
(AUClast) and from time 0 to the end of a cycle (AUC0-Day 22)
were determined using the linear/log trapezoidal approxi-
mation. The accumulation ratio was calculated as the ratio
of cycle 4 AUC0-Day22 to cycle 1 AUC0-Day22. The terminal
disposition half-life (t1/2) was not estimated as sampling
within the 21-day cycles did not suYciently capture the ter-
minal disposition phase in the majority of the patients at the
20 mg/kg dose level.

Endocrine laboratory studies

When feasible, fasting serum was collected from fasting
patients for determinations of glucose, insulin, and human
growth hormone (hGH) by the clinical laboratory tests avail-
able at the University of Michigan, Mayo Clinic, and Royal
Marsden facilities. For the purposes of this study, the “Pre-
Study” and “cycle 4” samples were collected within 7 days
of receiving Wgitumumab on cycles 1 and 4, respectively.
The “End of Study” samples were collected 21 days
(§4 days) after the last dose of Wgitumumab received. Cycle
4 samples were not collected on patients who did not receive
cycle 4 treatment. Additional glucose tests were performed
for many patients throughout the study as part of their rou-
tine care. When available, these values were reported.
DiVerences in endocrine lab values at pre-study, cycle 4 and
end of study were tested by the Wilcoxon Signed Rank Test.

Results

Patients

Fourteen ACC patients, with a median age of 46 (range,
22–77), received a total of 59 cycles of therapy with
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Wgitumumab (Table 1). Overall the subjects had a good per-
formance status and received multiple prior therapies for
their cancer with evidence of progression at the start of
study entry. All but one patient had prior surgery for their
cancer, seven (50%) had received chemotherapy and six
(43%) were on concomitant mitotane which had been
started prior to study entry. The median number of cycles
of Wgitumumab received was 4 (mean–4.2, 95% CI: 3.0,
5.3).

Safety

Figure 1 lists the treatment-related toxicities for all evalu-
able patients for safety assessments (n = 14) and after a
total of 59 cycles of Wgitumumab administered. There were
three occurrences of NCI CTCAE grade 4 toxicity; hyper-
uracemia, proteinuria, and elevated gamma-glutamyltrans-
ferase (GGT). All three toxicities were reversed with
stopping protocol treatment. The most common adverse
events were hyperglycemia, nausea, muscle cramps fatigue,
and anorexia. With the exception of muscle cramps, these
toxicities are consistent with early investigations with
Wgitumumab.

Pharmacokinetics

Figure 2a shows the mean plasma concentration–time pro-
Wles of Wgitumumab during treatment cycles 1 and 4 in
patients with ACC in comparison to patients with other
solid tumors. Following intravenous infusion of single
agent Wgitumumab, plasma concentrations decreased multi-
exponentially in both ACC and non-ACC patients. During

cycle 1, the plasma concentration at 1 h post the end of
infusion (C1hr) and the area under the curve through cycle 1
(AUC0-Day22) in patients with ACC were in general compa-
rable to those in patients with other solid tumors (Fig. 2b,
c; Table 2). During cycle 4, mean values of C1hr and
AUC0-Day22 in ACC patients were 20 and 29%, respec-
tively, lower in patients with ACC (Table 2); meanwhile,
there was a relatively larger inter-patient variability in the

Fig. 1 Treatment-related 
toxicities. Adverse events were 
graded as per National Cancer 
Institute Common Toxicity 
Criteria (version 3.0). 
Abbreviations: ALT alanine 
aminotransferase, AST aspartate 
aminotransferase, GGT gamma-
glutamyltransferase IV intrave-
nous catheter
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Table 1 Patient characteristics and treatment summary

Characteristics number of patients

Age, years

Median 46

Range 22–77

Sex

Male 6

Female 8

Performance status

0 9

1 5

Prior therapy

Surgery 13 (4 pts–two surgeries)

Radiation therapy 5

Chemotherapy 7

Mitotane 10 (6 on during protocol treatment)

Figitumumab (20 mg/kg) 14 pts

Total cycles of therapy 59

Median, Mean 
(95% conWdence interval)

4, 4.2 (3.2, 5.2)

Range 1–7
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pharmacokinetic parameters for the non-ACC patient popu-
lation. The accumulation ratio based on AUC0-Day22 was
approximately two for both patient populations (Table 2).

Endocrine laboratory values

Based on our previous Wndings of changes in endocrine lab-
oratory values in clinical investigations with Wgitumumab,
we determined the extent the glucose, insulin, and hGH
changes after exposure to Wgitumumab. Moderate changes
in glucose levels were seen in most patients (Fig. 3a). Three
patients out of the 14 experienced blood glucose levels over
175. Between them, only one patient with grade 3 hyper-
glycemia, who had a history of type 2 diabetes, received
oral hypoglycemic drugs (glyburide and metformin) which

controlled the hyperglycemia. At end of study the range of
glucose values in the study subjects was much wider com-
pared with the ranges of pre- and cycle 4 measurements
(Fig. 3b). Despite these glucose elevations, all patients,
except for one, had resolution of hyperglycemia following
their last dose of Wgitumumab (data not shown). The diVer-
ences in cycle 4 or end of study glucose compared to the
pre-study glucose values were not statistically signiW-
cant (P = 0.20 and 0.49, respectively). In response to
Wgitumumab, most patients had an increase in insulin secre-
tion (Fig. 3c). This increase stabilized at study end. These
diVerences in insulin from pre-study values were statisti-
cally signiWcant (P = 0.03 for both). However, cycle 4 and
End of Study insulin levels for three patients with high pre-
study insulin levels were not available. Changes in hGH

Fig. 2 Pharmacokinetic prolife 
of Wgitumumab in patients with 
adrenocortical carcinoma versus 
other solid tumors. a Mean 
(§ standard deviation) plasma 
concentration–time proWles of 
Wgitumumab in patients with 
adrenocortical carcinoma (ACC) 
and non-ACC solid tumors dur-
ing treatment cycle 1 (C1) and 
cycle 4 (C4). b, c Comparison of 
cycle 1 exposure parameters 
(C1hr and AUC0-Day22) of Wg-
itumumab at 20 mg/kg between 
patients with ACC and patients 
with other solid tumors. The 
lower and upper boundaries of 
the box represent the 25th and 
75th percentiles; whiskers above 
and below the box represent the 
90th and 10th percentiles. The 
solid and dotted lines within the 
box indicate the median and 
mean values. Solid dots indicate 
outlying measurements
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Table 2 Cycles 1 and 4 plasma exposures of Wgitumumab in patients with ACC, compared to non-ACC solid tumor patients

The plasma concentrations at 1 h post Wgitumumab infusion (C1hr) and area under the curve (AUC0-Day22) was calculated for Cycles 1 and 4. The
values represent the mean and standard deviation. The accumulation ratio was calculated as the ratio of cycle 4 AUC0-Day22 to cycle 1 AUC0-Day22
1 n = 24
2 n = 13
3 n = 8
4 n = 6

Tumor types Cycle 1 Cycle 4 Accumulation ratio

n C1hr (mg/l) AUC0-Day22 (mg hr/l) n C1hr (mg/l) AUC0-Day22 (mg hr/l)

Non-ACC Solid Tumors 29 447 § 105 112,000 § 45,5001 11 701 § 172 226,000 § 40,0003 2.1 § 0.73

ACC 14 409 § 78 96,500 § 16,3002 9 563 § 44 161,000 § 20,9004 1.7 § 0.34
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were less apparent and the pre-study values approximated
end of study values (Fig. 3c). These diVerences in values
were not statistically signiWcant (P = 0.38 and 0.13, respec-
tively).

Anti-tumor activity

All patients presented with metastatic disease. No con-
Wrmed responses were seen by RECIST criteria among the
14 ACC patients treated with Wgitumumab. However, 8 out
of 14 patients had stable disease as their best response
(Fig. 4a). At 3 months, six patients had stable disease (43%,
95% CI: 21%, 67%). No patients remained on study past
seven cycles, due to progressive disease or adverse events.
Four patients experience tumor shrinkage, including a
patient that demonstrated near resolution of pulmonary
metastases (Fig. 4b).

Discussion

Metastatic adrenocortical carcinoma has poor survival,
owing to its relative resistance to standard cytotoxic che-
motherapy. The clinical development of therapeutics that
may be eVective in ACC are also limited by the rarity of the
tumor [21]. Due to our pre-clinical data indicating that
antagonizing IGF-1R activation eVectively blocked down-
stream AKT activation and tumor growth of ACC xeno-
grafts [30], we enrolled 14 patients with ACC in an
expansion cohort of the phase I single agent study with
anti-IGF-1R antibody antagonist, Wgitumumab. This por-
tion of the study was carried out at three large referral cen-
ters for ACC for timely accrual. The purpose of accruing
this cohort was to determine if targeting the IGF-1R in
ACC patients was feasible, tolerable and had any evidence
of anti-tumor activity that would warrant further investigation

Fig. 3 Endocrine laboratory 
Wndings. Fasting serum determi-
nations for patients prior to 
cycles 1 (C1D1) and 4 (C4D1), 
and at the end of study (EOS) for 
glucose (a), insulin (b), and hu-
man growth hormone (hGH) (c). 
The lower and upper boundaries 
of the box represent the 25th and 
75th percentiles; whiskers above 
and below the box represent the 
90th and 10th percentiles. The 
solid lines within the box indi-
cate the median values. Solid 
dots indicate outlying measure-
ments. d A comprehensive dis-
tribution of the glucose values 
collected for all patients while 
on study with Common Termi-
nology Criteria for Adverse 
Events grading ranges indicated. 
Individual patients are noted by 
various symbols and 4-digit val-
ues. The x-axis denotes the cycle 
(c) and day number within each 
cycle (d) from which values are 
reported. EOS end of study
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either as a single agent or in combination with additional
therapies.

Repeated administration of Wgitumumab was well toler-
ated by patients with metastatic ACC. Adverse events were
generally mild and approximated the phase I experience of
patients with other types of solid tumors receiving
Wgitumumab. The exception to this was muscle cramping,
which did not occur in non-ACC solid tumor patients,
but was seen in multiple myeloma patients receiving
Wgitumumab plus dexamethasone [32]. The mechanism of
this adverse event is unclear, but all episodes were CTCAE
grade 1 and resolved. Of note, three episodes of grade 4
toxicities, one occurrence of elevated GGT, proteinuria,
and hyperuricemia, which were toxicities also seen in other
studies with Wgitumumab [29, 32].

Elevations in glucose were moderate and did not reach
statistical signiWcant in this small cohort of patients,
although changes in glucose levels should be expected in
patients treated with an anti-IGF-1R therapy due to the
hypoglycemic eVect of IGF-I administration [33]. It has
been reported that IGF-I reduces hepatic glucose produc-
tion and increases peripheral glucose uptake [34]. In this
small cohort of patients, increases in insulin were observed,

which suggest a compensatory insulin secretion in most of
the patients. In addition, this suggests that the insulin recep-
tor (IR) is active in patients treated with Wgitumumab.
Although the IR and IGF-1R are highly homologous, in
pre-clinical studies Wgitumumab did not show any binding
to the IR, even at much higher concentrations than the one
reached in serum of patients dosed at MFD [28, 29, 35].
Further demonstration of the activity of the IR in patients
treated with Wgitumumab comes from limited data collected
in other Wgitumumab studies where hyperglycemia is con-
trolled by the administration of insulin. Of interest, over-
expression of a dominant-negative IR in the skeletal muscle
in two diVerent mouse models resulted in insulin resistance.
However, these mice did not develop either hyperglycemia
or hyperinsulinemia [36, 37]. Taken together the data con-
Wrm the pre-clinical studies demonstrating that the IR is not
inhibited by Wgitumumab. It is currently unknown whether
the insulin receptor-IGF-1R hybrids that may exist, which
according to pre-clinical studies are downregulated by
Wgitumumab, could contribute to hyperinsulinemia and/or
hyperglycemia [28, 29].

While no objective responses were seen in this sample of
refractory ACC patients, the majority of patients had evidence

Fig. 4 a Best response on study. 
The graph represents the % of 
tumor increase between consec-
utive scans taken every 2 cycles 
or highest percentage of tumor 
decrease on study when com-
pared to baseline. The total 
number of cycles of Wg-
itumumab by individual patients 
is noted. 9 Patients with evalu-
able disease only on treatment 
for six cycles. b Chest radio-
graph for patient # 1020 before 
and after therapy with Wg-
itumumab. The timing of the 
Wgures are indicated by the 
annotated dates, which represent 
prior to (left) and after (right) 
four cycles of therapy with Wg-
itumumab. The arrows indicate 
a right upper lobe lung lesion 
(open single arrow), multiple 
right lower lobe lesions (three 
arrows) and a lingular lesion 
(closed single arrow) that were 
initially identiWed by computed 
tomography scanning and fol-
lowed during the course of treat-
ment by chest radiograph. After 
four cycles of therapy, these 
lesions were notably smaller 
including a nearly unidentiWable 
lingular lesion
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of anti-tumor activity as evidenced by stability disease and
tumor shrinkage that did not meet criteria for a partial
response. The median number of cycles received was four,
with six patients on study for at least six cycles. One patient
received therapy for seven cycles and went oV study due to
hyperuracemia. Given the relative tolerability of this ther-
apy, further investigation may be warranted in combination
with mitotane and/or cytotoxic chemotherapy. In this small
cohort of patients, we are unable to conclude with any
accuracy whether concomitant mitotane had any eVect on
the outcomes related to treatment with Wgitumumab,
including frequency of adverse events or likelihood of sta-
ble disease. However, it should be noted that all patients
who did receive concomitant mitotane with Wgitumumab,
had evidence of progressive disease at the time of trial
initiation. Thus, it is possible that the combination of
Wgitumumab with mitotane would have a greater eVect in
patients naïve to mitotane. Indeed in our pre-clinical stud-
ies, signiWcantly enhanced eYcacy, as measured by tumoral
growth delay, was observed when IGF-1R antagonism was
combined with mitotane in a human ACC xenograft model,
compared to the single treatment modalities alone [30]. It is
hypothesized that by blocking the activation of AKT by
IGF-II stimulation of IGF-1R, ACC tumors may be more
sensitive to cytotoxic chemotherapy. This hypothesis was
recently tested in clinical investigations with Wgitumumab
in combination with chemotherapy in lung cancer [38]. Fig-
itumumab enhanced the anti-tumor activity of cytotoxic
chemotherapy in non-small cell lung cancer, which was
most profound in the squamous histological subset, which
has relatively high expression of IGF-1R [39]. As de novo
resistance to chemotherapy limits the activity of chemo-
therapy in non-small cell lung cancer, it is conceivable that
similar improvements in its activity may occur in ACC,
which also has evidence of reliance on IGF-1R signaling
through IGF-II activation. Further investigations will help
us understand if blocking the IGF-1R in patients with ACC
with help circumvent prosurvival pathways that will sensi-
tize these highly refractory tumors to chemotherapy and
other anti-tumor therapies.
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