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Summary
Background The inhibition of insulin-like growth factor receptor-1 (IGF-1R) induces cell cycle arrest and enhancing the effect of
castration by delay of progression of human prostate cancer models. Linsitinib is a small molecule and potent dual inhibitor of
IGF-1R and insulin receptor tyrosine kinase activity. We report results of a single-arm, phase II study evaluating the safety and
efficacy of linsitinib in men with chemotherapy-naïve asymptomatic or mildly symptomatic metastatic castration resistant
prostate cancer (mCRPC). Methods Patients received at 150 mg orally twice daily on a 28-day cycle. The primary endpoint
was prostate specific (PSA) response at 12 weeks and correlative studies included circulating tumor cells (CTCs) and circulating
endothelial cells (CECs). Results Seventeen patients, median age 68 (55–78) and pre-treatment PSA of 55.23 (2.46–277.60) were
enrolled and completed 12 weeks of therapy. All but two patients discontinued therapy secondary to PSA progression, whichmet
the predefined futility criteria and led to early termination of this study. Overall best response (RECIST v1.1) included a partial
response in 1 patient and stable disease in 8 patients. Higher baseline CTCs were associated with higher pre-treatment PSA levels
(Spearman r = 0.49, p = 0.04) but no correlation between PSA progression and CTCs/CECs were observed. Most common
adverse events included fatigue, nausea/vomiting, AST/ALT changes and prolonged QT interval. Conclusions Single-agent
linsitinib was safe and well tolerated but failed to show activity in men with mCRPC. These results highlight the complexity
of using IGF-1R as a therapeutic target in this patient population. ClinicalTrials.gov NCT01533246.
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Introduction

Prostate cancer (PCa) is the second-leading cause of death in
men in the United States with estimated 161,360 new cases
and 26,730 deaths in 2017as per SEER data [1]. Although
more than 90% of metastatic PCa patients initially respond
to androgen deprivation therapy, most tumors became refrac-
tory and progress to a castration- resistant state. Management
of mCRPC manifested as rising prostate-specific antigen,
worsening symptomatic disease or progressive disease on im-
aging studies has always been area of interest.

In the last 11 years, the treatment landscape of
mCRPC has dramatically changed with the approval of
six different life-prolonging therapies by the Food and
Drug Administration (FDA) [2]. Unfortunately, most pa-
tients experience disease progression, thus it is critical
to gain a better understanding of the underlying
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pathways contributing to drugs resistance and mecha-
nisms to target. More recently, with the advent of tumor
molecular profiling, a number of targeted therapies have
been investigated in men with mCRPC, but results have
been overall modest and tumor invariably develops re-
sistance to these therapies as well [3–6].

The insulin-like growth factor receptor-1 (IGF-1R) is a
tetrameric transmembrane receptor tyrosine kinase that is
widely expressed in normal human tissues and required
for embryonic development and postnatal growth. IGF-
1R and its ligands, IGF-1 and IGF-2, are up regulated in
a variety of human cancers [7]. The IGF axis activation
ligands IGF-1 and IGF-2 have shown to be associated
with cellular mitogenesis, angiogenesis, tumor cell surviv-
al and tumerogenesis in various cell lines [8–10]. The
IGF-1R and its ligands, IGF-1 and IGF-2, play a key role
in regulating growth, resistance to apoptosis, and invasion
in a variety of human cancers [11–13]. Epidemiological
studies have shown that increased circulating IGF-1 levels
and decreased insulin-like growth factor binding protein-3
(IGFBP-3) levels are associated with higher risk of devel-
oping prostate cancer [14]. In addition, IGF-1R is often
overexpressed in prostate tumors and can mediate prostate
cancer cell proliferation and resistance to androgen abla-
tion therapy [15, 16]. Preclinical models have shown ev-
idence of chemo sensitization of androgen independent
human prostate cancer cells when IGF-IR blockade is
combined with cisplatin, mitoxantrone, or paclitaxel
[17]. Thus, inactivation of the IGF-I axis represents a
potential target to treat androgen independent prostate
cancer. Treatment strategies involving monoclonal anti-
bodies against IGF-1R have been studied in recent years
in different settings of CRPC [18–20].

Linsitinib (OSI-906) is a small molecule that is a
highly selective dual inhibitor of IGF-1R and insulin
receptor tyrosine kinase activity. The IGF-1R is activat-
ed by its cognate ligands, IGF-1 and IGF-2, and also by
insulin at a much lower affinity. Ligand binding to the
receptor activates intrinsic protein tyrosine kinase activ-
ity, resulting in β subunit phosphorylation and the stim-
ulation of signaling cascades that include the PI3K/AKT
and Ras/Raf/MAPK pathways [7]. Linsitinib has been
reported to be well tolerated in patients with advanced
solid tumors. The majority of adverse effects reported
were grade 1–2 nausea, vomiting, fatigue, and diarrhea
[21, 22]. Dose-limiting toxicities (DLTs) observed in
early phase studies were QTc prolongation, hyperglyce-
mia and elevation of aspartate aminotransferase (AST)
and alanine aminotransferase (ALT) (all grade 3). Based
on phase 1 studies the recommended phase II dose
(RP2D) was 150 mg twice daily [22]. To determine
the activity of linsitinib in men with mCRPC, a Simon
two-staged phase II study was conducted.

Patient and methods

The study was open at Cleveland Clinic and Case
Comprehensive Cancer Center. The Cleveland Clinic
Institutional Review Board (IRB) and Case Comprehensive
IRB reviewed and approved the trial in accordance with can-
cer therapy evaluation program (CTEP) multicenter guide-
lines. The study drug was provided under a Collaborative
Agreement with CTEP, Division of Cancer Treatment and
Diagnosis (DCTD), NCI. This study was registered in
ClinicalTrials.gov with number NCT01533246.

Eligibility criteria

Patients with asymptomatic or mildly symptomatic mCRPC,
defined by a score of 3 or less on Brief Pain Inventory-short
form (BPI-SF) Question #3 (worst pain in last 24 h), were
enrolled in the study [23]. Eligibility criteria included histo-
logically confirmed PCa with mCRPC documented by posi-
tive whole body bone scan or soft tissue (lymph node or vis-
ceral) metastasis on imaging studies (CT, MRI scans). If
lymph node metastasis was the only evidence of metastasis,
it was required to be ≥2 cm in diameter (long axis). Additional
eligibility criteria included Eastern Cooperative Group
Performance Status (ECOG PS) [24] of 0–1, surgically or
medically castrated testosterone levels of ≤50 ng/dL
(<2.0 nM), adequate hepatic, renal and bone marrow function
(Hemoglobin ≥10.0 g/dL, absolute neutrophil count >1500/
μL, platelet count ≥100,000/μL, serum albumin ≥3.5 g/dL,
serum creatinine <1.5 x ULN or a calculated creatinine clear-
ance ≥60 mL/min, serum potassium ≥3.5 mmol/L, serum bil-
irubin <1.5 x ULN, ASTor ALT <2.5 x UL). Patients who had
received prior chemotherapy for CRPC were excluded.
However, prior neoadjuvant or adjuvant chemotherapy was
allowed as long it was completed 1 year prior to study entry.
Prior investigational agents (including adrenal inhibitors,
antiadrogens and Sipuleucel-T) or other hormonal therapy,
were allowed as long as discontinued within a specified time
prior to enrollment. Prior treatment with luteinizing hormone
releasing hormone (LHRH) agonists must have been initiated
at least 4 weeks prior to Cycle 1 Day 1 and was continued
throughout the study. Patients on stable doses of
bisphosphonates were allowed to continue on this medication,
but patients were not allowed to initiate this therapy within
4 weeks prior to starting linsitinib or throughout the study.
Other exclusion criteria included current use of opiate analge-
sic for cancer related pain, prior radiotherapy for cancer relat-
ed pain within 4 weeks, prior IGF-1R inhibitor, other concur-
rent malignancy, concurrent administration of CYP1A2 inhib-
itors/inducers, prolonged QTc >470 millisecond (mean QTc
with Bazett’s correction [25]), history of familiar long QT
syndrome, known brain metastasis, insulin dependent diabetes
mellitus, known HIV and hepatitis A, B, C.
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Treatment planning

Patients received linsitinib at 150 mg orally twice daily on a
28-day cycle with plan to continue on study until progressive
disease, drug intolerability, or consent withdrawal. Regardless
of the reason, the maximum time off linsitinib allowed was 14
consecutive days.

Evaluation

Study endpoints included PSA response at 12 weeks, safety,
RECIST-defined response, time to PSA progression, and
overall survival (OS). Blood correlative studies were collected
to assess the effect of target molecule on circulating tumor
cells (CTC) and circulating endothelial cells (CEC), on
C1D1 prior to receiving study drug, on C2D1, C4D1 and at
the end of treatment. To evaluate the effect of linsitinib in
circulating endothelial cells (CEC) ad circulating tumor cells
(CTC), blood samples were collected using CellSearch®
System from Veridex LLC, in two 10 mL cell saver tubes of
peripheral blood.

Progressive disease was documented by PSA progression
and/or radiographic progression according to modified
RECIST 1.1. PSA progression was defined by a 25% or great-
er increase in PSAvalue and an absolute increase of 2 ng/mL
or more from the nadir, which was confirmed by a second
value obtained 3 or more weeks, per prostate cancer working
group 2 (PCWG-2) criteria [26]. Radiographic response and
progression were evaluated using the new international
criteria proposed by the revised Response Evaluation
Criteria in Solid Tumors (RECIST) guideline (version 1.1)
[27]. Changes in the largest diameter (one-dimensional
measurement) of the tumor lesions and the shortest diameter
in the case of malignant lymph nodes were used per RECIST
1.1. For toxicity assessments, descriptions and grading scales
found in the revised national cancer institute (NCI) Common
Terminology Criteria for Adverse Events (CTCAE) version
4.0 were utilized. Study drug was discontinued permanently
if any grade (G)4 toxicity was reported or study was
interrupted for more than 14 consecutive days. Dose reduction
was permitted for subsequent cycles depending on the severity
of the toxicity to the dose level of 100 mg and 75 mg BID.

Statistical evaluation

The primary endpoint of the trial was PSA response at
12 weeks. Secondary endpoints included safety based on
CTCAE version 4.0, RECIST-based response in patients with
bi-dimensional measurable disease, time to PSA progression,
and overall survival. A two-stage accrual design was
employed to test the hypothesis that linsitinib has an underly-
ing probability of PSA response of 30%. With a plan to ini-
tially accrue 17 eligible and evaluable patients, a futility rule

was included to terminate the trial if six or fewer PSA re-
sponses were observed (PSA response rate < 35%). If more
than six PSA responses were observed, then an additional 18
eligible and evaluable patients would be treated. Linsitinib
would be accepted as a potentially active therapy if 14 or more
patients have had a PSA response. With this design, the over-
all type I and II errors were 9% each; and the likelihood of
stopping the trial early was <8% if linsitinib was active (>55%
PSA response) but >78% if it was not (<30% PSA response).

Categorical data was summarized as frequency counts and
proportions; measured data was summarized using means,
standard deviations, medians, and ranges; and time to event
data such as time to PSA progression and overall survival was
calculated by using the method of Kaplan Meier. This study
was monitored by the Clinical Data Update System (CDUS)
version 3.0. Cumulative CDUS data was submitted quarterly
to CTEP by electronic means.

Results

Patient characteristics

From February 2012 to April 2012, 18 patients were entered
into the trial between 2/2012 and 4/2012. One patient was
considered ineligible and has been excluded from all analyses.
Table 1 summarizes patient and disease characteristics.
Median age at on-study was 68 (55–78); all patients had good
ECOG performance status (76% ECOG 0, 24% ECOG 1);
and all patients achieved castration levels of testosterone
chemically. Forty-one percent of patients had bone-only dis-
ease, 29% had only soft-tissue metastasis, and 29% had both.
With the exception of one patient with liver disease, all me-
tastases were to lymph nodes. Median pre-treatment PSAwas
55.23 ng/mL (range 2.46–277.60).

Treatment administration

Fifteen out of the 17 patients discontinued treatment: 13 pa-
tients due to disease progression, one patient withdrew con-
sent and one due to adverse events (AEs). Patients received a
median of 3, 28-day treatment cycles (range 2–6+). Three
patients had dose reductions to 100 mg bid; one patient had
the second of two cycles held due to a hospitalization, and one
patient consistently missed several doses per cycle while on-
study (3 cycles). Patients took a median of 97.5% of the pre-
scribed doses (range 75%–108%); with 82% of patients being
>90% compliant.

Clinical efficacy

All 17 patients were evaluable for PSA response. One patient
achieved a partial response (63% decline from 2.46–0.90 ng/
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ml) that lasted 1.9 months; and 7 others had transient PSA
declines ranging from 3 to 42% (median of 24%). All but
two patients demonstrated PSA progression with a median
time to progression of 1.8 months.

Seventeen patients were evaluable for radiographic re-
sponse using RECIST 1.1 criteria (Table 2). One patient had
a partial response and 8 others had stable disease; these re-
sponses lasted for 2.8 months (range 0.8–5.0). Eight patients
had progressed on therapy.

With a median follow up of 51 months (range 25.2–77.0),
82% of deaths were reported. Median overall survival was
33 months (95% CI, 30.7–34.6).

Safety

Table 3 summarizes all treatment related toxicities that oc-
curred in at least three (>15%) patients. The most commonly
reported toxicities were mild to moderate transaminase eleva-
tions (59%, 10/17; 3 G2, 7 G1), fatigue (59%, 10/17; 2 G2,
8 G1), hyperglycemia (47%, 8/17; 2 G2, 6 G1), prolonged QT

interval (35%; 6/17; 3 G2 and 3 G1), and nausea/vomiting
(35%; 6/17, 1 G2, 5 G1). No G4 toxicities have been reported.
One patient reported G3 duodenitis that was considered at
least possibly related to treatment. All other toxicities consid-
ered at least possibly related to treatment were coded mild or
moderate.

CTC and CEC

CTC and CEC samples were received at baseline, cycle 2 and
4, for all 17 patients (Table 4). Among these, 94% had
evaluable CTC/CEC levels at baseline: A median of 1 CTC/
7.5 mL and 20 CECs/4 mL of blood were detected. An asso-
ciation between pre-treatment PSA and pre-treatment CTC
was observed (Spearman r = 0.49, p = 0.04). At week 12, fif-
teen patients had evaluable CTC/CEC levels. No significant

Table 2 PSA response at 12 weeks

No. (%) of men

PSA

Response 1 (5.9)

Progression 15 (88.2)

Time of response, months (range) 1.9 (1.9–1.9)

Radiographic response (RECIST)

Partial (%) 1 (5.9)

Stable (%) 8 (47.1)

Progression (%) 8 (47.1)

Time of response, months (range) 2.8 (0.8–5.0)

Table 1 Baseline characteristics
Factor N (%) or Median (Range)

Age 68 (55–78)
ECOG PS 0 13 (76)

1 4 (24)
Gleason score 6 5 (29)

7 5 (29)
8 1 (6)
9 6 (35)

Castration status Surgical -0-
Chemical 17 (100)

Disease measurability Bone only 7 (41)
Soft Tissue only 5 (29)
Bone and Soft Tissue 5 (29)

Sites of soft tissue disease (n = 10) Nodes 9 (90)
Liver 1 (10)

Prior hormone therapies ≤ 3 17 (100)
> 3 -0-

Prior Radiation therapy, n (%) 3 (17)
PSA (ng/ml), (range) 55.23 (2.46–277.60)

Table 3 Treatment-related AEs experienced by ≥15% of patients in
study

Toxicity Overall
N (%)

Grade 1
N (%)

Grade 2
N (%)

Adverse events

Fatigue 10 (59) 8 (47) 2 (12)

Anorexia 4 (24) 3 (18) 1 (6)

Nausea/vomiting 6 (35) 5 (29) 1 (6)

Prolonged QT interval 6 (35) 3 (18) 3 (18)

Laboratory abnormalities

Anemia 3 (18) 3 (18) 0 (0)

Lymphopenia 3 (18) 1 (6) 2 (12)

AST/ALT 10 (59) 7 (41) 3 (18)

Elevated creatinine 3 (18) 3 (18) 0 (0)

Hyperglycemia 8 (47) 6 (35) 2 (12)
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change in the number of CTC and CEC counts was observed,
over time. No correlation between CTC changes and PSA
progression was observed.

Discussion

The IGF pathway has become an attractive therapeutic target
for drug development in many solid tumors as it represents a
key proliferative and pro-survival signaling pathway in a va-
riety of malignancies and plays a crucial role in the develop-
ment of resistance to a variety of useful cancer therapies [28,
29]. Monoclonal antibodies against IGF-R have previously
been studies in early phase studies in variety of epithelial
malignancies [19, 20, 30].

To determine the clinical role of IGF-R antibody in men
with mCRPC a phase 2 study of linsitinib, a small molecule
potent dual inhibitor of IGF-1R and insulin receptor TK, was
conducted. In this study, linsitinib was well tolerated with
most AEs experienced by patients were G1/2 and only few
patients required a dose reduction due to toxicity.

The findings of this study failed to confirm the preclinical
data supporting the inhibition of IGF-IR in this setting, even
though the primary endpoint of PSA response at 12 weeks
might not fully capture this agent’s activity. While an objec-
tive response was seen in only 1 patient with partial response,
almost half of the population had a RECIST-defined SD and
the overall survival reported is in line with the current standard
of care life-prolonging therapies including abiraterone acetate
and enzalutamide [31, 32] in the same setting. Nonetheless, in
the absence of a control arm not exposed to IGF-pathway
inhibition, no definitive assumptions can be made. Plus, we
should highlight the positive impact that patient selection (vis-
ceral disease excluded) and the subsequent life-prolonging
therapies after coming off trial may have caused in the overall
survival of the study population.

The choice of this short end-point was based on Prostate
Cancer Clinical Trials Working Group2 (PCWG2) [33]
criteria with the purpose to detect a Bproof-of-concept^ signal

and decide to go for a larger randomized clinical trial. Some of
the advantages of using PSA as a primary endpoint include
avoiding the treatment of larger numbers of patients and com-
mitment of resources to potentially inactive therapies.

The IGF-IR is postulated to play a key role in metastasis by
regulating cell adhesion, motility, migration and angiogenesis
[34], thus the analysis of CTCs and CECs in clinical trials with
IGF inhibitors is particularly appealing. Previous studies have
shown that CTCsmay be independent predictors of the time to
disease progression as well as survival [35, 36]. In our study,
though there was a possible association between pre-treatment
CTCs and PSA, CTC counts did not change significantly fol-
lowing two cycles of treatment and no relationship was ob-
served with regards to tumor burden and PSA correlation. The
value of these findings is limited due to the relatively
small number of patients with collected CTCs in addi-
tion to other known challenges with CTC-information,
such as the timing of collection, the low sensitivity of
the multiple CTC assays available and the existence of
heterogeneous CTC populations [37].

While this study failed to show any significant PSA or
objective response, the IGF-R pathway remains critical in
CRPC progression and several growth factors including
IGF-1R cross talk with androgen receptors (AR) in prostate
cancer cells [38]. With this in mind, possible combinations
using novel IGF-R inhibitors with current novel agents might
be of clinical interest. Pre-clinical studies with different com-
binations of IGF-R1 with chemotherapy [39], antiandrogens
[40, 41], PI3K/AKT/mTOR pathway [42], suggest synergistic
effects in prostate cancer and may be may be a potential area
of interest to explore, in the setting of CRPC.

In conclusion, this phase II study of linsitinib monotherapy
in men with asymptomatic and mildly symptomatic mCRPC
showed to be safe and well tolerated. Treatment with linsitinib
however failed to show a significant objective and PSA re-
sponse, any effect on CTCs or survival benefit. The
combination of novel agents capable of blocking the
IGFR axis with existing therapies in mCRPC may be
a potential area of interest.

Table 4 Association of baseline
CTCs and CECs with PSA
responses categories

PSA (ng/mL)

Baseline CTC Count (per 7.5 mL whole blood) ≤0.2 0.2 to ≤4.0 > 4.0 Total (n = 17)

No. % No. % No. % No. %

0 0 0 1 20 4 80 5 29.4

1 to 4 0 0 0 0 8 100 8 47.1

≥ 5 0 0 0 0 4 100 4 23.5

Baseline CEC Count (per 4 mL whole blood) ≤0.2 0.2 to ≤4.0 > 4.0 Total (n = 16)

No. % No. % No. % No. %

0 to 4 0 0 0 0 0 0 0 0

≥ 5 0 0 1 6.3 15 93.7 16 100
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