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Abstract

Preclinical data suggest multiple roles for the insulin like growth factor receptor 1 (IGF-1R) in
neuroendocrine tumors (NET) including mediating resistance to mTOR inhibitors. Everolimus, an
oral mTOR inhibitor and octreotide LAR are approved for subgroups of well differentiated NET.
The primary objective was to establish the safety and recommended phase Il dose (RP2D) of
cixutumumab, a monoclonal antibody against IGF-1R with everolimus and octreotide LAR.
Patients with well differentiated NET were treated with everolimus 10 mg po daily, octreotide
LAR 20 mg IM every 21 days and escalating doses of cixutumumab. An expansion cohort was
enrolled at RP2D. Correlative studies included evaluation of mTOR pathway inhibition in paired
tumor biopsies and effects of this combination on metabolism per indirect calorimetry. 19 patients
with progressive disease, including 9 to the expansion portion were enrolled. 2 patients had dose
limiting toxicities of grade 3 mucositis at cixutumumab 15 mg/kg. Long term tolerance at RP2D
was problematic, the most common = grade 3 adverse event (AE) being fatigue. One patient with
metastatic insulinoma had a confirmed partial response while seventeen had stable disease.
Median progression free survival was 43.6 weeks and median overall survival was 25.5 months.

Conclusions—The RP2D of this combination per predefined study protocol cixutumumab iv 10
mg/Kkg, octreotide LAR 20 mg IM every 21 days plus everolimus 10 mg po daily is associated with
non-DLT toxicities limiting long term tolerance. Although a signal of activity was noted in this
study, this will need to be reconciled with limited tolerance of the combination and data from
larger studies of anti-IGF-1R monoclonal antibodies in NET that have been disappointing.
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Introduction

The incidence of neuroendocrine tumors (NETS) has increased from 1.09 cases per 100,000
in 1973 to 5.25 per 100,000 in 2004 (Yao, et al. 2008). While often slow growing, these
cancers are nonetheless incurable and lethal when advanced. However, treatment options
continue to be limited, especially for carcinoid tumors. Mutations in the mammalian target
of rapamycin (mTOR) pathway have been reported in 14% of pNETSs and such
abnormalities have also been associated with more aggressive tumors (Jiao, et al. 2011;
Meric-Bernstam and Gonzalez-Angulo 2009). The phase 111 randomized, placebo-controlled
RADIANT-3 study showed significant improvement in progression free survival (PFS) with
everolimus, an oral inhibitor of mTOR in patients with pancreatic NETs (Yao, et al. 2011).
Another placebo-controlled phase 111 study, RADIANT-2 randomized patients with
advanced neuroendocrine tumors associated with carcinoid syndrome to octreotide long-
acting repeatable (LAR) in combination with placebo or everolimus and showed improved
PFS in the everolimus arm although this did not meet the predefined threshold for
significance (Pavel, et al. 2011). IGF-1R receptors and ligands are known to be expressed at
higher concentrations in NETS than in normal tissue (Wulbrand, et al. 2000). Studies in
carcinoid cell lines show that IGF1 is a major regulator of neuroendocrine secretion and
growth (von Wichert, et al. 2000). Other in vitro studies have shown that blockade of IGF1R
results in inhibition of NET cells growth and induction of apoptosis (Hopfner, et al. 2006).
Mouse models of pancreatic neuroendocrine tumors suggest a role for the insulin growth
factor-2, IGF2 in tumorigenesis (Christofori, et al. 1995). Finally, other preclinical studies
have suggested that IGF-1 protects cancer cells from rapamycin-induced cell death and that
inhibition of IGF-1R prevents rapamycin-induced AKT activation and sensitizes tumor cells
to mTOR inhibitors thus providing a rationale for combined blockade of these pathways
(O'Reilly, et al. 2006; Thimmaiah, et al. 2003).

The goals of this phase | study were to establish the safety and RP2D of everolimus and
octreotide LAR in combination with escalating doses of the anti-IGF1R monoclonal
antibody, and to evaluate for preliminary evidence of activity in patients with advanced, low
to intermediate grade NETS.

Patients and Methods

Eligibility criteria
Eligible patients had progressive, advanced or metastatic low or intermediate grade
neuroendocrine cancers (carcinoid of any site or pNET) refractory to or without standard
therapy options, evaluable or measurable disease by RECIST (Response Evaluation Criteria
in Solid Tumors) (Therasse, et al. 2000) and Eastern Cooperative Oncology Group (ECOG)
performance status of 0-1. Patients may have received prior therapy (except mMTOR
inhibitors or agents targeting IGF1R) with no limitation on the number of prior regimens.
Patients also had to be age 18 years or older with adequate hematopoietic, hepatic and
kidney function; fasting serum glucose < 132 mg/dl and fasting serum cholesterol < 300
mg/dl and fasting triglycerides < 375 mg / dl. Exclusion criteria included: women who were
pregnant or nursing; treatment with radiotherapy or chemotherapy within 4 weeks; major
surgery within 3 weeks; known central nervous system metastasis requiring anticonvulsants
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or steroids; patients on therapeutic anticoagulation not on stable dosages; uncontrolled
severe cardiac disease or diabetes mellitus; any medical condition that would impair
administration of an oral medication; prior mTOR and / or IGF1R therapies and
uncontrolled serious medical or psychiatric illness.

The protocol was approved by the institutional review board at M.D Anderson Cancer
Center, and written informed consent was obtained for all patients prior to performing study-
related procedures in accordance with federal and institutional guidelines.

Study Design

This was a single institution, single arm, inter-patient dose escalation study with a dose
expansion cohort of 9 patients enrolled at the recommended dose. The total duration of
treatment was 12 months.

Drug administration and dose-escalation procedures

Cixutumumab was supplied by the Division of Cancer Treatment and Diagnosis of the
National Cancer Institute (Bethesda, MD) as single-use vials and weight based dose was
administered iv over 90 minutes every 21 days. Everolimus was supplied by Novartis
Pharmaceuticals (Basel, Switzerland) and was orally administered to fasting patients on a
once daily continuous dosing schedule. Keeping the doses of everolimus (10 mg po daily)
and octreotide LAR (20mg IM every 21 days) constant, cixutumumab was evaluated at
escalating doses of 10 mg /kg and 15 mg/kg every 21 days of a 21 day cycle. Octreotide
LAR was administered every 21 days rather than the standard practice of every 28 days to fit
with the study schedule for patients' convenience.

For the dose-escalation portion of the study, patients were enrolled sequentially into
escalating dosing cohorts of 6 patients each rather than the traditional 3 +3 design as at the
beginning of the study, it was unclear if the maximum tolerated dose (MTD) would be
reached. Therefore, larger cohorts were chosen to better characterize pharmacodynamics,
PD and the RP2D. Intra-patient dose escalation was not permitted and once each sequential
cohort was enrolled, accrual was held until all patients on that cohort had completed 1 cycle
of therapy. Dose-limiting toxicity (DLT) was defined as any > grade 4 hematological
toxicity, grade 3 neutropenia or thrombocytopenia that does not resolve to either grade 0 or
1 following dose interruption for > 7 days, grade = 3 non-hematologic toxicity (except grade
> 3 hyperglycemia, hyperlipidemia that could be controlled with appropriate medical
management within 3 weeks; grade =3 nausea vomiting that could be controlled with
medication within 7 days), or any toxicity leading to > 14 days of treatment delay occurring
during the first cycle with definite, possible or probable attribution to cixutumumab and/or
everolimus. If one or no patients in any cohort of six patients developed DLT, dose
escalation was permitted. If two or more patients in any expanded cohort developed DLT,
dose escalation was stopped and the cohort immediately below was deemed to be RP2D.

For patients with > grade 3 treatment related toxicities, dosing of the drug was held until
resolution to < 1 and restarted at one dose level reduction for hematological toxicities and
per physician's discretion for other transient grade 4 toxicities. For IMC-A12, doses were
reduced to the next lower level in increments of 5 mg/kg iv g 21 days up to 5 mg/kg iv q 21
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days. For everolimus, dose was reduced from 10 mg po daily to 5 mg po daily; 5 mg po
every other day successively. If further reductions of either drug were required or if patients
required a dose delay of > 21 days, therapy with that drug was discontinued permanently.

Clinical evaluation and safety assessment

Prior to study entry, patients underwent clinical history and physical examination,
performance status assessment, vital signs, complete blood count (CBC), chemistries,
coagulation parameters, urinalysis, serum pregnancy test, tumor markers, hemoglobin A1C,
fasting total cholesterol and triglycerides, EKG, indirect calorimetry and baseline tumor
measurements. While on study, patients underwent evaluation including history and physical
examination, vital signs, CBC, lipid panel and chemistries every cycle. Urinalysis was
repeated each cycle. Given prior reports of hearing loss in patients treated with IGF-1R
monoclonal antibodies, audiometry testing with comprehensive audiometry and
tympanometry was performed at baseline and at end of study. Adverse events were
classified/graded weekly according to the Common Terminology Criteria of Adverse
Events, version 4.0. Response was assessed every 3 cycles and evaluated by RECIST
version 1 as in other major NET trials.(Therasse et al. 2000) All patients who received at
least one treatment were considered evaluable for toxicity and those who had received at
least one complete cycle of therapy and had their disease re-evaluated were considered
evaluable for response.

Pharmacodynamic Analysis

Paired pre- (within 4 weeks of initiating therapy) and post-treatment biopsies (24 hours after
day 1 administration of cixutumumab and everolimus during cycle 2) were obtained and
were frozen immediately for reverse phase protein array (RPPA) or formalin-fixed paraffin
embedded for immunohistochemistry (IHC).

Immunohistochemistry

IHC was performed on pre-treatment and post-treatment core biopsies with the following
antibodies as previously reported: pAKT S473 (Cell Signaling), pS6 S235/236 (Cell
Signaling), pS6 S240/244 (Cell Signaling, Danvers, MA), p4E-BP1 T70 (Cell Signaling,
Danvers, MA)(Akcakanat, et al. 2008; Meric-Bernstam, et al. 2014). Ki-67 immunostaining
was performed in the M.D. Anderson IHC Core laboratory with the following antibodies:
Ki-67 (Dako Carpinteria, CA). Positive and negative controls were included for all assays.
Immunoreactivity score (IRS) was calculated as % staining multiplied by intensity.

Reverse Phase Protein Array

Protein lysate was extracted and RPPA was performed in the MD Anderson Cancer Center
Functional Proteomics Core Facility as described previously (Meric-Bernstam, et al. 2012).
Samples were re-suspended in 3 volumes of RPPA lysis buffer (Hennessy, et al. 2010)
already mixed with 1 volume of 4x SDS sample buffer. Samples were sonicated using a
microtip probe (Fisher Scientific, Waltham, MA) and protein concentrations were
determined using BCA kit (Pierce, Rockford, IL). 2-mercaptoethanol was added (10% (v/v)
of 4x SDS sample buffer) and final protein concentration was adjusted to 3 pg/ul. Samples
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were probed with antibodies validated for RPPA that are enriched for components of
PISK/AKT/mTOR pathway. A total of 161 unique proteins (including phosphoproteins)
were evaluated. The list of antibodies is included in Supplementary Table 1. Analyses of the
log transformed protein levels were performed.

Indirect Calorimetry

Given the known effects of IGF and mTOR signaling pathways on metabolism, indirect
calorimetry was obtained at baseline and on cycle 2 day 1 using a handheld indirect
calorimeter in a rested and fasting state.

Statistical Methods

Descriptive statistics were used for baseline characteristics, safety assessments and
exploratory assessments, including progression free survival, overall survival and tumor
response.

The RPPA spot signal intensity data from MicroVigene was processed using the R package
SuperCurve (version 1.4.3), available at “http://bioinformatics.mdanderson.org/OOMPA” as
previously described (Meric-Bernstam et al. 2012). The modified Z-Scores of 5 important
mTOR pathway biomarkers were calculated and used to compute the composite mTOR
pathway activity score. Composite mTOR pathway activity score was defined as the sum of
the modified Z-Scores of phospho-protein of 4E-BP1, S6K, and S6 (i.e. Score= pS6 240/244
+ pS6 S235/236 + pS6K T389 + p4E-BP1 S65 + p4E-BP1 T37/46). The modified Z-score
proposed by Iglewicz and Hoaglin was calculated based on the median of expressions and
absolute deviation about the median (Iglewicz and Hoaglin 1993). Linear mixed model was
used to compare the mTOR activity scores and individual protein expression between pre-
and post-treatment. Regulation of MTOR pathway biomarkers and mTOR pathway activity
was performed as planned analysis (p < 0.05) and functional proteomics profile was
performed as exploratory analysis. To account for multiple testing, we estimated the false
discovery rate, FDR of the model using the Benjamini-Hochberg method with the false
discovery rate, FDR-adjusted p-value, g< 0.3 being significant.

Spearman'’s rank correlation (rho) was used to assess the associations between protein
expression at pre-treatment and on-treatment, or the change and the best response in %
tumor size change.

Univariate Cox proportional hazards model was fitted to assess the association between the
Z-Score of biomarker's expression at pre-treatment, on-treatment or the pharmacodynamics
Z-Score change (zPDX=0n-treatment Z-score — Pre-treatment Z-score) and progression free
survival (PFS). Statistical significance was measured using the Wald test. Again, we
adjusted for multiple testing as described above.

The exact Wilcoxon signed rank test was applied to compare the immunostaining of the pre-
treatment and on-treatment biopsies. For markers that had a range of intensity, highest
intensity was used for analysis.
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Changes in indirect calorimetry from baseline to cycle 2 were tested using Wilcoxon signed
rank test.

Patient Demographics and Treatment

Nineteen patients, 10 in the dose-escalation portion and 9 in the MTD expansion portion
were enrolled from November 2010 to May 2012 (Table 1). None of the patients had
multiple endocrine neoplasia or other hereditary syndromes associated with NETs. All
patients had progression of their disease prior to enrollment on trial. A total of 207 cycles
were administered. The median number of cycles per patient was 10 (range, 3-19). Reasons
for study discontinuation were disease progression in 8 patients, completion of study in 4,
toxicities in 4 and withdrawal of consent in 2 patients. One patient was taken off study per
treating physician's discretion due to complications from carcinoid heart disease.

Dose escalation and determination of maximum tolerated dose

Safety

In the cixutumumab 10 mg/kg cohort, 6 patients were treated without any DLTs. However,
at the next cohort of cixutumumab 15 mg/kg, two of four patients experienced DLTs with
both developing grade 3 mucositis. Further dose escalation was hence stopped and the RP2D
was deemed to be cixutumumab 10 mg/m?, everolimus 10 mg po daily and octreotide LAR
20mg IM every 21 days i.e. the previous dose level. An additional nine patients were
enrolled to further evaluate tolerability and preliminary anti-tumor activity and no further
DLTs were noted.

All nineteen patients were evaluable for toxicities with all having at least one toxicity of any
grade during the study. The most frequently observed adverse events seen in all courses
were fatigue, hyperlipidemia, and weight loss (all with incidence rates of 74%); other
common adverse events were altered taste (68%), hyperglycemia and mucositis (both 63%).
11 (57%) patients had at least one = grade 3 toxicity. The most common grade 3 adverse
events was fatigue (21%); other common grade 3 adverse events included mucositis,
elevated liver tests and electrolyte abnormalities (all 11%). There were no grade 5 AEs, and
one patient had grade 4 hyperglycemia.

Only one patient completed entire study per protocol at RP2D. The mean number of cycles
delivered at the full RP2D in the 15 patients treated at this level was 4 (median 3). Four
patients were taken off study due to toxicities including persistent grade 3 neutropenia (1),
fatigue (3), and fatigue and weight loss (1). Two patients withdrew consent citing toxicities
including fatigue, nausea and rash. 15 patients required dose reductions and / or
interruptions due to toxicities. Everolimus was dose reduced in all 15 patients — most
commonly due to thrombocytopenia (5 patients), fatigue (4 patients) and mucositis (3
patients). Of these 15 patients, 8 patients required dose reduction of everolimus during or
prior to cycle 2. Other reasons included elevated creatinine, hyperglycemia and altered
mental status in one patient each. One patient who elected to stop everolimus while on study
stayed on cixutumumab and octreotide LAR until end of protocol. Three patients had dose
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reduction in cixutumumab due to thrombocytopenia, altered mental status and
hyperglycemia (1 patient each). Cixutumumab was discontinued in one patient due to grade
3 elevation in alkaline phosphatase. Octreotide LAR was not dose reduced in any patients
but was discontinued in one patient due to bradycardia.

One patient developed worsening carcinoid heart disease thought to be unlikely to be related
to study drugs and was taken off study per physician discretion. He underwent valve
replacement and died several weeks later from post-operative complications.

Fifteen patients had baseline and end of study audiometry assessments of which 4 patients
had grade 1 change in hearing sensitivity unilaterally and one patient had bilateral changes
(grade 1 and grade 2) that were not clinically significant and were identified on audiograms.

Pharmacodynamic Analysis—All 19 patients underwent pre-treatment biopsies, and 15
had post-treatment biopsies. All pre-treatment and on-treatment H&ES were reviewed, and
patients without tumor on core biopsy samples had their samples excluded from IHC and
RPPA analysis. The overall difference between pre- and post-treatment biopsies
demonstrated statistically significant decline with treatment for S6 pS240/244 (p=0.045) and
S6 pS235/236 (p=0.028), two proteins frequently assessed as downstream markers of mTOR
signaling (Figure 1 A and B). The mTOR activation score significantly decreased with
treatment (adjusted mean pre-treatment 4.025 vs on-treatment -0.41, p=0.037) (Figure 1 C).
Thus the RPPA analysis confirms mTOR pathway inhibition by the treatment.

We next assessed whether baseline proteomics profile or pharmacodynamic changes were
associated with best tumor response represented as % change in tumor size. Pre-treatment
expression of ER alpha pS118 was strongly inversely correlated with % tumor size change
(Supplementary Table 2). STAT3 pY705, SMAD3, RPTOR, PRASA40, pT246 and ANXA7
(annexin VII) were moderately inversely correlated with % tumor size change and four
biomarkers (YAP pS127, VEGFR2, AKT pT308, and MEK1 pS217/221) were moderately
positively correlated with % tumor size change. After adjusting for multiple testing, ER
alpha pS118, smad3, and STAT3 pY705, retained significance.

The treatment associated-decrease of MEK1 pS217/221 was strongly inversely correlated
with % tumor size change while ANXA7 and ER alpha pS118 were strongly positively
correlated with % tumor size change. The pharmacodynamic changes of 15 additional
proteins were moderately negatively correlated, and those of 23 proteins were moderately
positively correlated with % tumor size change. After adjusting for multiple tumor testing,
25 positively, and 14 negatively correlated markers remained significant at FDR<0.3
(Supplementary Table 3).

Higher expression of AKT pT308 z-score on RPPA at pre-treatment was associated with
worse PFS (HR=2.379, p=0.011). The increase of 4E-BP1 pT37/T46 expression on-
treatment was marginally significantly associated with worse PFS (HR=1.995, p=0.081,
Table 1, 2). Greater increase in AKT pT308 or p70S6K pT389 expression between pre-
treatment and on-treatment biopsies were significantly or marginally significantly associated
with better PFS (AKT pT308: HR=0.107, p=0.006; p70S6K pT389: HR=0.554, p=0.084).

Endocr Relat Cancer. Author manuscript; available in PMC 2015 December 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Dasari et al.

Page 8

Based on Supplemental Table 4, increased pharmacodynamic change in fifteen proteins
which have hazard ratio (HR) <1 was associated with decreased risk of PFS. Increased
pharmacodynamics z-score change in 21 proteins which had hazard ratio (HR)>1 were
associated with increased risk of PFS. All of these thirty-six biomarkers were significant at
FDR<0.3.

IHC data was performed for five biomarkers (pAKT, Ki67, p4E-BP1, pS6 235/236 and pS6
240/244). Thirteen patients have matched pre- and on-treatment IHC values evaluable for
pPAKT, pS6 235/236 and pS6 240/244, meanwhile, twelve patients have matched pre- and
on-treatment IHC values of Ki67 and p4E-BP1 T70. Treatment was associated with a
statistically significant decrease in pS6 S235/236 IRS score (p= 0.0063) and Ki-67 (p=0.02).
The pS6 S235/236, pS6 S240/244 immunostaining and Ki-67 showed more robust inhibition
in the patient who had a partial response compared with another patient who experienced
progressive disease (Figure 2).

Metabolic Analysis—14 patients had paired indirect calorimetry results at baseline and
cycle 2 day 1. Paired results were not obtained in the rest because they were either not
fasting at the time of testing or were not on treatment and differences in mean values were
calculated by paired T test. The mean basal oxygen consumption (VO2) was 216.7 / minute
and mean basal resting metabolic rate (RMR) was 1517.9 kilocalories / day. The
corresponding values at cycle 2 day 1 were significantly reduced to 190.2 ml / minute for
VO2 (p =0.001) and 1319.2 kilocalories / day for RMR (p < 0.001) (Figure 3).

Antitumor Activity—All nineteen patients were eligible for response evaluation. There
were no complete responses. One patient with metastatic insulinoma secreting proinsulin
had a confirmed partial response. Prior to initiating therapy on this trial, the patient's clinical
course was marked by recurrent episodes of hypoglycemia as detected by a continuous
glucose monitoring system and also significant weight gain as a result of hormonal
disturbances. However, within two cycles of therapy, he no longer had hypoglycemia and in
fact required therapy with metformin for hyperglycemia. He was also able to lose significant
amount of weight suggestive of normalization of his anabolic hormones although his
hyperglycemia could also have been an adverse effect of one or more of the study drugs.
Seventeen patients had stable disease as best response with reduction in RECIST tumor
measurements ranging from 1 — 22%. 4 patients were on study for entire duration of 12
months. Median progression free survival (PFS) was 43.6 weeks (range 9 — 132 weeks; 95%
Cl 39.8 — 47.3 weeks). Median overall survival was 25.5 months (95% CI 19.2 - 31.7
months). Median number of cycles of treatment was 10 (range 3 — 19). There were 4 patients
with pNETSs on the trial including the patient with insulinoma described above. The other
three patients with pNETS had stable disease ranging from 20 — 44 weeks (Figure 4).

Discussion

The primary objective of this phase | study was to establish the RP2D of the combination of
cixutumumab, everolimus and octreotide LAR based on observation of DLTs during the 15t
cycle and was deemed to be cixutumumab 10 mg/kg, everolimus 10 mg po daily and

octreotide LAR 20mg IM every 21 days. The maximum dose of octreotide LAR was limited
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to 20 mg IM as mandated by protocol. Although no further DLTs were noted, only one
patient finished the study per protocol with the rest experiencing significant toxicities, most
commonly fatigue, mucositis and / or myelosuppression. All 15 of these patients required
dose reduction of everolimus and 3 patients required dose reduction of cixutumumab. The
most common AEs noted with everolimus include stomatitis, rash, diarrhea and fatigue and
the most common > grade 3 AEs are stomatitis, myelosuppression and hyperglycemia (Yao
et al. 2011). In the phase Il study of ganitumab, a human monoclonal antibody against
IGF-1R in NET, the most common AEs included fatigue, hyperglycemia and nausea while
the most common = grade 3 AEs were myelosuppression and hyperglycemia (Strosberg, et
al. 2013). These overlapping toxicity profiles perhaps explain the poor long-term tolerance
at RP2D. This underscores the need to look beyond MTD to establish long term tolerability
of novel therapies in patients with diseases with an indolent course such as NET.

As a preplanned analysis, changes in mTOR pathway biomarkers and mTOR pathway
activity at cycle 2 day 1 compared to baseline were evaluated. As evaluated by RPPA, the
mTOR activity score significantly decreased with treatment as did levels of downstream
markers of the mTOR pathway suggesting inhibition this pathway with treatment. These
results were also validated by IHC as mTOR pathway downstream marker pS6 revealed a
statistically significant decrease in IRS score. Decrease in Ki-67 suggests that this inhibition
of the mTOR pathway was associated with decreased tumor proliferation between initiation
of therapy and time of biopsy at the beginning of cycle 2. However, this is in contrast to the
fact that only one patient had a partial response. Interestingly, this was the only patient who
did not require dose reductions and completed study per protocol. This raises the possibility
of lack of adequate target inhibition due to dose reductions following this time point.
Exploratory analyses aimed to identify predictive baseline proteomic markers or
pharmacodynamic changes. These are presented in Supplementary Data. After adjusting for
multiple testing, the marker that most strongly correlated with tumor shrinkage was baseline
estrogen receptor, ER alpha expression (Supplementary Table 2). Recent work by our group
also suggests that estrogen induced genes and progesterone receptors are up regulated in
indolent neuroendocrine tumors compared to more aggressive ones (Estrella et al, in press).
These findings warrant further evaluation of estrogen and progesterone receptors / pathways
as prognostic biomarkers in neuroendocrine tumors.

Activated AKT is a key effector of the IGF and PI3K pathways via phosphorylation of a
vast number of proteins affecting multiple cellular responses including metabolism. The net
effect of these changes is increased glucose utilization and metabolism (Alayev and Holz
2013). As an exploratory objective, we measured changes in indirect calorimetry from
baseline to cycle 2 day 1 in 14 patients to evaluate the effect of inhibition of these pathways.
We found a statistically significant decrease in basal oxygen consumption and metabolic
rate. Although these findings are preliminary, the observed reduction in oxygen
consumption is very intriguing. An ongoing trial (NCT01561404) is evaluating the positive
impact of reduced oxygen consumption on physical exercise in patients being treated with
mTOR inhibitors after renal transplant and may further validate our findings.

Evaluation of anti-tumor activity as measured by response rate and PFS was a secondary
objective of the study. A major limitation of evaluation of novel agents in NETS is that they
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often cause disease stabilization without true responses per RECIST criteria. Indeed, in the
phase II trials leading to approval of sunitinib and everolimus in pNETS, while radiographic
responses were modest, there was a significant improvement in PFS compared to the
placebo arms (Raymond, et al. 2011; Yao et al. 2011) raising the question whether other
modalities for measuring response such as modified RECIST may be more suitable for NET.
In the current study, given the small size, definite conclusions regarding the activity of the
combination are difficult to make. However, only one confirmed partial response per
RECIST was noted. As discussed above, this could be related to lack of adequate dosing of
the combination. In this context, recent attempts at evaluating IGF-1R monoclonal
antibodies in NETSs that have yielded disappointing results should also be noted (Strosberg et
al. 2013),(Reidy-Lagunes, et al. 2012).

There are several potential explanations for this discrepancy between promising preclinical
results and lack of efficacy in clinical trials: a) Lack of biomarkers: It is conceivable that
only a subset of NETs may respond to these agents and further work is required for
identification of these putative subsets (Gualberto, et al. 2010; Yee 2012). b) Alternative
signaling pathways: Treatment of RIP-Tag2 mice with cixutumumab failed to have a
significant impact on pNET growth or invasiveness despite reduction of IGF1R levels — this
was demonstrated to be due to signaling through the insulin receptor (Ulanet, et al. 2010).
Resistance to IGF-1R blockade may be also be regulated by targets such as EGFR, Her2 or
overexpression of IGFR pathway components (Garofalo, et al. 2011; Haluska, et al. 2008).
c) Heterogeneity of patient populations: Accumulating evidence points to the differences in
genetic and clinical profiles of NETs from different sites. Therefore, future studies should be
designed to accrue homogenous subsets of NET patients through international collaboration
as needed to generate more meaningful conclusions. d) Finally, these discrepancies between
preclinical and clinical results may reinforce the inherent limitations of reproducibility and
translation of preclinical data (Begley and Ellis 2012), especially in a tumor type such as
NET that lacks robust preclinical models.

In summary, this phase I trial established the recommended phase Il dose of the regimen to
be cixutumumab 10 mg/kg, everolimus 10 mg po daily and octreotide LAR 20mg IM every
21 days. However, long term tolerability without dose reductions may be difficult. A clear
signal of benefit for anti-IGF-1R therapy was not observed keeping in line with prior clinical
trials in this patient population. Further work is required to elucidate potential predictive
biomarkers of and mechanism of resistance of this combination in NETs prior to launching a
phase |1 trial.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Pharmacodynamic changes in mTOR pathway activity, Ki-67 with treatment
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Figure 2. IHC changes in mTOR pathway components, Ki-67 with treatment in responder vs
non-responder
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Figure 3. Changes in V02 with treatment as measured by indirect calorimetry
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Figure 4. Progression Free Survival (A) in weeks and Overall Survival (B) in months
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Baseline demographics and patient characteristics

| N=19

Characteristic

|No.|%

Sex
Male

Female

Age, years
Median
Range

66
45-79

ECOG performance status
0
1

15 | 34

Median
Range

Previous lines of systemic therapies

0-3

Previous therapy
Chemotherapy
Radiotherapy
Somatostatin Analogue
Radioembolization
VEGF-targeting antibody
Interferon Therapy

Surgery

11
16

0 B W N

42

NET origin
Pancreatic
Small Bowel
Lung
Kidney
Other / Unknown

A P b O b

Functional Status
Functional

Non-functional

13

Number of metastatic Sites
1

2

2+
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| N=19
Characteristic No. | %
Time from diagnosis
Median 18
Mean 38
Serum Chromogranin levels
2x —4x ULN 3
>4x ULN 10

Abbreviations: ECOG, Eastern Cooperative Oncology Group; VEGF, vascular endothelial growth factor;
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