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A B S T R A C T

Purpose
Cixutumumab, formerly IMC-A12, is a recombinant human monoclonal immunoglobulin G1

antibody that targets insulin-like growth factor I receptor (IGF-IR). Cixutumumab was synergistic
with castration in a hormone-sensitive prostate cancer xenograft model.

Patients and Methods
Patients with new metastatic prostate cancer were randomly assigned within 30 days of initiating
androgen deprivation (AD) to cixutumumab added to a luteinizing hormone–releasing hormone
agonist with bicalutamide versus AD alone. With 180 patients and one-sided alpha of 0.10, there
would be 90% power to detect an absolute 20% difference in undetectable prostate-specific
antigen (PSA; � 0.2 ng/mL) rate at 28 weeks (relative risk, 1.44); this end point was previously
strongly correlated with survival. Secondary end points included the proportion of patients with
PSA � 4.0 ng/mL, safety and tolerability, circulating tumor cell (CTC) levels, and seven plasma
IGF-IR biomarkers. Fisher’s exact test was used for the primary end point, and extended
Mantel-Haenszel �2 test was used for three PSA response categories.

Results
The trial accrued 210 eligible patients (105 randomly assigned to each arm). Patient characteristics
were similar in both arms. Undetectable PSA rate was 42 (40.0%) of 105 for cixutumumab plus AD
and 34 (32.3%) of 105 for AD alone (relative risk, 1.24; one-sided P � .16). Lower baseline CTCs
(0 v 1 to 4 v � 5/7.5 mL whole blood) were associated with higher rate of PSA response (three
categories; P � .036) in 39 evaluable patients. IGF-IR biomarkers were not correlated with PSA
outcome, and cixutumumab did not significantly change these biomarker levels.

Conclusion
Cixutumumab plus AD did not significantly increase the undetectable PSA rate in men with new
metastatic hormone-sensitive prostate cancer. CTCs at baseline may carry prognostic value.

J Clin Oncol 33:1601-1608. © 2015 by American Society of Clinical Oncology

INTRODUCTION

Type I insulin-like growth factor receptor (IGF-IR)
activation is initiated by binding to multiple ligands,
including IGF-I, IGF-II, and insulin, and leads to
downstream signaling via phosphatidylinositol
3-kinase/protein kinase B and mitogen-activated
protein kinase pathways.1 Dysregulated IGF-IR sig-
naling is implicated in the development and pro-
gression of multiple malignancies.2 In prostate
cancer, IGF-IR signaling stimulates nuclear translo-
cation of androgen receptor (AR) and subsequent
AR-mediated signaling in the absence of andro-

gens.3 Preclinical studies have indicated that cixutu-
mumab, a fully humanized monoclonal antibody
(mAb) that induces IGF-IR internalization, leads to
apoptosis and G1 cell-cycle arrest in hormone-
sensitive prostate cancer (HSPC) xenografts but
only G2 arrest in castration-resistant prostate cancer
(CRPC) murine models.4

In early-phase clinical trials, targeting IGF-IR
in patients with prostate cancer has demonstrated
both biologic and clinical activity. In an open-label
phase II trial, cixutumumab showed a 29% � 6-
month radiographic stabilization rate for patients
with metastatic CRPC.5,6 In a neoadjuvant trial,
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cixutumumab combined with androgen deprivation (AD) showed
pharmacodynamic effect, with significant increases in serum
growth hormone (GH), IGF-1, IGF-II, IGF binding protein (BP)
–III, c-peptide, and insulin and decreases in IGFBP-I.7 In a neoad-
juvant trial using another mAb against IGF-IR—figitumumab—
monotherapy induced � 25% and � 50% prostate-specific
antigen (PSA) declines in 94% and 31% of patients, respectively.8

The randomized SWOG (Southwest Oncology Group) 9346
trial of intermittent versus continuous AD for men with metastatic
HSPC demonstrated that absolute PSA value after 7 months was
strongly associated with overall survival.9 Therefore, this large
randomized phase II trial used that end point to determine if
addition of cixutumumab to AD in men with metastatic HSPC
would be superior to AD alone in increasing the undetectable PSA
(� 0.2 ng/mL) rate after 28 weeks.

PATIENTS AND METHODS

This was a multicenter, randomized phase II trial designed and conducted
within SWOG, approved by the Cancer Therapy Evaluation Program of the
National Cancer Institute and by the independent institutional review board of
each participating center. All patients provided informed written consent. An
independent data and safety monitoring committee monitored this trial from
activation until final reporting.

Patients

Eligible patients had pathologic confirmation of prostate cancer, PSA
� 5 ng/mL, and at least one radiographically detectable metastasis (eg, if
pelvic lymph node, could not be amenable to irradiation). Patients were
required to have Zubrod performance status of 0 to 2 or 3, if resulting from
bone pain only.

Prior remote AD was allowed only if received in the neoadjuvant,
concurrent, and/or adjuvant settings and � 2 years had elapsed from
completion of therapy. Prior AD for metastatic disease was allowed if
first luteinizing hormone–releasing hormone (LHRH) agonist injec-
tion was within 30 days of enrollment. LHRH antagonists and bilateral
orchiectomy were not allowed. Only patients who had not started AD
before enrollment (early-induction group) were eligible for prospective
blood biomarker collection.

Key exclusion criteria included prior receipt of cytotoxic chemother-
apy or any agent directly inhibiting IGF or IGF-IR. Other exclusions
included known brain metastasis, any other cancer in the last 5 years, HIV
requiring antiretroviral therapy, symptomatic congestive heart failure, or
known left ventricular ejection fraction � 10% below lower limit of nor-
mal. Patients were also excluded if leukocyte count was � 3,000/mcL,
absolute neutrophil count � 1,500/mcL, hemoglobin � 9 g/dL, platelets �
100,000/mcL, total bilirubin � 1.5� institutional upper limit of normal
(ULN; unless documented Gilbert’s disease), AST or ALT � 3� institu-
tional ULN (or � 5� if liver metastasis present), creatinine � 2� institu-
tional ULN, hemoglobin A1C � 7%, fasting glucose � 160 mg/dL,
international normalized ratio � 1.5, or partial thromboplastin time � 5
seconds above institutional ULN. Any patient treated with radiation ther-
apy, radiopharmaceuticals, major surgery, or biologic therapeutics within
28 days was excluded from the trial.

Treatment

Patients were randomly assigned at a 1:1 ratio to arm one (oral
bicalutamide daily with LHRH agonist [AD] plus cixutumumab 10
mg/kg intravenously over 1 hour every 2 weeks for seven cycles [each
cycle � two treatments in 28 days]) or arm two (bicalutamide with
LHRH agonist [AD]). PSA, CBC, total bilirubin, AST, ALT, and creat-
inine were assessed every 4 weeks. Fasting serum glucose was obtained

every 2 weeks before each cixutumumab treatment for those in arm one
and every 4 weeks for those in arm two.

For assessment of adverse events, the National Cancer Institute Com-
mon Terminology Criteria for Adverse Events (version 4.0) were used. Cixu-
tumumab was held for grade 3 to 4 hyperglycemia, defined by symptoms
and/or fasting glucose � 300 mg/mL. Cixutumumab was resumed with dose
reduction to 8 mg/kg if the patient became asymptomatic and fasting glucose
remained consistently � 220 mg/mL with a stable dose of insulin and/or oral
diabetic agents. A second dose reduction to 6 mg/kg was allowed, if necessary.
Missed doses of cixutumumab were omitted, and dose re-escalation was not
allowed after reduction for toxicity.

Patients continued with protocol treatment until completion of seven
cycles (28 weeks), early disease progression, unacceptable toxicity, or pa-
tient desire to withdraw from the trial. Early progression was defined as
progression by symptoms, imaging, or development of castration resis-
tance, defined as two serial PSA rises during protocol treatment. In addi-
tion, if protocol treatment was held for � 4 weeks, the patient was removed
from the trial. Survival assessments once protocol treatment ended were to
occur every 6 months for the first 2 years and then annually until 5 years
after registration or death.

End Points

The primary end point was the undetectable PSA rate (� 0.2 ng/mL)
after seven cycles (28 weeks) of protocol treatment. Secondary end points
included safety and tolerability, proportion of patients with PSA � 4 ng/mL
after seven cycles, whole-blood Cellsearch (Veridex, Raritan, NJ) circulating
tumor cell (CTC) assessment, and plasma (sodium heparin tubes) IGF-IR
biomarkers (RayBiotech, Norcross, GA), including C-peptide, IGFBP-I,
IGFBP-III, IGF-I, IGF-II, growth hormone, and insulin. Laboratory staff
were blinded to participant trial arm, and all IGF-IR biomarkers were run
in duplicate. Only early-induction patients were eligible for biomarker
measurements at baseline and week 12. Assessment of prostate cancer–
associated microRNAs10 and validation of the overall survival prognostic
PSA model from SWOG 93469 were additional secondary end points to be
analyzed and reported separately.

Statistical Considerations

The accrual goal was 180 eligible patients, with an additional 10% (n �
198) to account for possible ineligibility. For the primary end point, a 45%
undetectable PSA � 0.2 ng/mL rate at 28 weeks was assumed for control arm
two with AD, based on data from SWOG 9346.9 Using a one-sided type I error
rate of 0.10, we had 90% statistical power to detect an absolute difference of
20% in the undetectable PSA rate with the addition of cixutumumab using
Fisher’s exact test. An intention-to-treat approach was used in analysis of the
primary end point. An interim futility analysis was to be conducted when half
the enrolled patients were evaluated for 28-week PSA response. The study was
to be terminated if the undetectable PSA response rate relative risk (RR) of 1.44
was deemed to be highly unlikely (P � .005).

Patients without a PSA value at the completion of seven cycles (28 weeks)
of protocol treatment were assumed to not have achieved PSA � 4 ng/mL.
One-sided Fisher’s exact test was used to test whether the undetectable PSA
rate at 28 weeks was greater in the experimental arm. Extended Mantel-
Haenszel �2 test was used to evaluate the association of treatment arm with the
three PSA response categories (� 0.2 v � 0.2 to � 4.0 v � 4.0 ng/mL),
accounting for the ordinality of the response.

A univariable logistic regression model (generalized logits) was used to
assess whether risk factors known to be associated with survival in this patient
population were also correlated with PSA response at 28 weeks. A multivari-
able logistic regression model (generalized logits) was fit to all factors found to
be statistically significant (P � .05) in the univariable setting.

Correlative studies were exploratory in nature because of limited sample
size. An extended Mantel-Haenszel correlation statistic was used to evaluate
the association between baseline CTC count and 28-week PSA response cate-
gory. Kruskal-Wallis test was used to assess the association between baseline
IGF-IR–related biomarkers and PSA response. Wilcoxon rank sum test was
used to assess the association between the distribution of change from baseline
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to week 12 in measures of IGF-IR–related biomarker and the two treatment
arms. Because of limited sample size, these exploratory analyses were limited to
generating hypotheses for further investigation in larger cohorts; there was
only sufficient power to detect strong relationships. No adjustments for mul-
tiple comparisons were made. All analyses were conducted using SAS software
(version 9.3; SAS Institute, Cary, NC).

RESULTS

Study Population

Between February 3, 2011, and December 1, 2012, 211 patients
(arm one [AD plus cixutumumab], n � 105; arm two [AD alone], n �
106) were randomly assigned within SWOG institutions (Fig 1). Only
one patient (from arm two) was ineligible because of lack of a demon-
strable radiographic metastasis. Therefore, the intention-to-treat pop-
ulation included 210 patients. Baseline demographics and disease
characteristics were generally balanced between treatment groups
(Table 1).

Efficacy

A formal interim analysis of the alternative hypothesis provided
no evidence that the trial should close early, and the data and safety
monitoring committee recommended the trial proceed to comple-
tion. The undetectable PSA rate after 28 weeks of trial therapy was 42
(40.0%) of 105 for those receiving AD plus cixutumumab and 34
(32.3%) of 105 for those receiving AD alone (RR, 1.24; one-sided P �
.16). A prespecified secondary end point was rate of PSA � 4 ng/mL,
which was 46 (43.8%) of 105 for those receiving AD plus cixutu-
mumab and 56 (53.3%) of 105 for those receiving AD alone (RR, 0.82;
one-sided P � .11). When considering the aggregate PSA response
categories of PSA � 0.2, � 0.2 to � 4.0, and � 4.0 ng/mL, there was no
statistically significant difference between the two arms (P� .17; Table

2). Given the mechanism of action of cixutumumab, an exploratory
analysis classified patients by body mass index categories and found no
difference between treatment arms in likelihood of achieving the PSA
response categories (data not shown). The proportion of patients who
became castration resistant before completing seven cycles (28 weeks)
of protocol treatment was 22 (20.9%) of 105 for those receiving AD
plus cixutumumab and 17 (16.2%) of 105 for those receiving AD
alone (RR, 1.29; two-sided P � .37).

As a supplemental analysis, we evaluated the likelihood of multi-
ple patient characteristics being associated with undetectable PSA or
normalized PSA � 0.2 to � 4.0 ng/mL versus PSA � 4.0 ng/mL (Table
3). These evaluations included treatment arm, age, log PSA at baseline,
Gleason score, performance status, presence or absence of bone
pain, presence or absence of visceral metastasis, and body mass
index. Those characteristics reaching levels of significance in the
univariable models were brought forth with treatment arm into the
multivariable model (Table 3). The addition of cixutumumab did
not achieve statistical significance in either the univariable or mul-
tivariable model, although age, log PSA at baseline, and bone pain
all retained significance in both models.

Safety

Cixutumumab was generally well tolerated, with minimal in-
crease in adverse events when added to AD. Table 4 summarizes
adverse events occurring in � 10% of patients attributed by local
investigator to be related or possibly related to study treatment. There
were no grade 4 or 5 adverse events. There were few grade 3 adverse
events, and most notable was hyperglycemia. To eliminate any poten-
tial bias, we compared patients who developed any-grade hyperglyce-
mia regardless of drug attribution treated with AD plus cixutumumab
with patients treated with AD alone. Patients treated with AD plus

Random assignment

Allocated to AD + cixutumumab (n = 105)
  Did not receive allocated treatment (n = 4)

)601 = n( DA ot detacollA
)1 = n( elbigilenI  

  Did not receive allocated treatment (n = 1)

Follow-up
Discontinued intervention (n = 105)
  Treatment completed (n = 73)

)2 = n( EA  
)4 = n( EA ton ,lasufeR  
)22 = n( noissergorP  
)0 = n( htaeD  
)4 = n( rehtO  

Follow-up
Discontinued intervention (n = 105)
  Treatment completed (n = 72)

)0 = n( EA  
)3 = n( EA ton ,lasufeR  
)71 = n( noissergorP  
)1 = n( htaeD  
)21 = n( rehtO  

Analyzed
(n = 105)

Analyzed
(n = 105)

Correlative analysis
Circulating tumor cells
Baseline evaluable samples (n = 39)
Week 12 evaluable samples (n = 26)
Pre-post evaluable samples (n = 25)

Correlative analysis
IGF-IR-related biomarkers
Baseline evaluable samples (n = 35)
Week 12 evaluable samples (n = 26-27*)
Pre-post evaluable samples (n = 26-27*)

Fig 1. CONSORT diagram. AD, andro-
gen deprivation; AE, adverse event; IGF-
1R, insulin-like growth factor I receptor. (*)
For individual IGF-IR–related biomarker.
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cixutumumab were 2.36� more likely to develop hyperglycemia than
patients treated with AD alone (RR, 2.36; P � .001). No association
was found between development of hyperglycemia and PSA response
in patients receiving AD plus cixutumumab (Fisher’s exact P � .15).
Dose holds and reductions for patients receiving cixutumumab oc-
curred in 19 (18.1%) and 8 (7.6%) patients, respectively, and 5 (4.8%)
patients experienced both. Only 2 (1.9%) patients receiving cixutu-
mumab withdrew early from the trial for unacceptable toxicity.

Correlative studies

Baseline CTC samples were received for 50 patients. However,
only 39 patients had evaluable CTC levels: one patient was ineligible
for the trial, six initiated AD before samples were obtained, and four
were not assay evaluable. At baseline, 16 (41%) of 39 had a CTC count
of 0. There was association between stratified baseline CTC level with
the three PSA categories at 28 weeks (P � .04; Table 5). At week 12,
CTC samples were received for 41 patients; however, only 26 patients

had evaluable samples: one was from the ineligible patient, six initiated
AD before samples were obtained, and eight were not assay evaluable.
In sum, 25 patients had baseline and 12-week treatment CTC samples
evaluable for response to treatment. Only one patient had an increase
in CTC count from baseline, whereas all other patients had counts that
declined or stayed stable, challenging the feasibility of a treatment
response association analysis between CTCs and PSA.

Specimens were obtained in 43 patients at baseline for the seven
plasma biomarkers hypothesized to have a pharmacodynamic rela-
tionship to IGF-IR inhibition. However, only 35 patients were evalu-
able: one was ineligible for the trial, six started AD before sample
acquisition, and one was not assay evaluable. Table 6 summarizes the
associations of these baseline biomarker levels with 28-week stratified
PSA response; none of these biomarkers had a statistically significant
association with PSA response. At week 12, these biomarkers had been
obtained for 27 patients. All specimens were evaluable for percent
change in response to treatment from baseline. None of these bio-
markers demonstrated a statistically significant difference in change
between the treatment arms, although the analysis was limited by
sample size (Appendix Table A1, online only).

DISCUSSION

In this study, the only randomized controlled trial to our knowledge of
cixutumumab in men with HSPC, cixutumumab was well tolerated,
with hyperglycemia as the sole notable adverse event. However, cixu-
tumumab did not improve the undetectable PSA rate after 28 weeks of
treatment. Although these results fail to confirm preclinical evidence
supporting the combination of castration with IGF-IR inhibition by
cixutumumab, it is possible that the primary end point of undetectable
PSA at 28 weeks does not fully capture cixutumumab efficacy. In
previous preclinical xenograft studies, time to castration resistance
was significantly improved, yet PSA nadir was not different when
cixutumumab was added to castration.11 Time to castration resistance
would be a challenging and unvalidated end point for this patient
population, where early readout of efficacy is highly desirable. For
that reason, the short, 28-week PSA end point was purposefully
chosen, because it was established from a large prospective ran-
domized trial, and the intention was for an early go or no-go signal

Table 1. Eligible Patient Baseline Demographic and Clinical Characteristics

Characteristic

AD Plus
Cixutumumab

(n � 105)
AD Alone
(n � 105)

No. % No. %

Age, years
Median 65 66
IQ range 60-72 58-73

PSA, ng/mL
Median 31 37
IQ range 12-74 10-200

Weight, kg�

Median 90 86
IQ range 60-101 77-98

BMI, kg/m2

� 18.5 (underweight) 1 0.9 2 1.9
18.5 to 24.9 (normal weight) 21 20.0 29 27.6
25 to 29.9 (overweight) 36 34.3 39 37.1
� 30 (obese) 43 40.9 33 31.4
Unknown 4 3.8 2 1.9

Gleason score†
� 7 8 7.6 6 5.7
7 29 27.6 11 10.4
� 7 63 60.0 82 78.0

Race
Black 4 3.8 10 9.5
White 94 89.5 88 83.8
Other 7 6.7 7 6.7

Zubrod performance score
0 62 59.0 65 61.9
1 41 39.0 38 36.1
2 2 1.9 2 1.9

Site of metastasis
Lymph node only 15 14.3 9 8.6
Bone only 56 53.3 63 60.0
Lymph node and bone 19 18.1 17 16.2
Visceral 15 14.3 16 15.2

Bone pain 28 26.6 35 33.3
Early-induction AD 59 56.1 65 61.9

Abbreviations: AD, androgen deprivation; BMI, body mass index; IQ, inter-
quartile; PSA, prostate-specific antigen.

�Missing weight, n � 6.
†Gleason score missing, n � 11.

Table 2. PSA End Points by Treatment Arm

Treatment Arm

PSA (ng/mL)

Total� 0.2�

� 0.2 to
� 4.0 � 4.0†

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

AD plus cixutumumab 42 40.0 17 16.2 46 43.8 105 100.0
AD alone 34 32.4 15 14.3 56 53.3 105 100.0
P .16‡ .11‡ .17§

Abbreviations: AD, androgen deprivation; PSA, prostate-specific antigen.
�Primary end point analysis comparing PSA � 0.2 ng/mL between

treatment arms.
†Secondary end point analysis comparing PSA � 4.0 ng/mL between

treatment arms.
‡Fisher’s exact test.
§Extended Mantel-Haenszel test using integer scores for columns.
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to determine if a large, randomized phase III trial would be war-
ranted.9 A major advantage for incorporating this early end point
was avoiding commitment of resources and large patient numbers
to a potentially inactive therapy.

It is possible that previous xenograft studies did not adequately
model human disease, an important consideration in translational
oncology. There were a number of differences between the xenograft
studies and this clinical trial; for instance, an immunocompromised
host mouse was used, the administration of cixutumumab was intra-
peritoneal rather than intravenous, and the xenograft only expressed
human IGF-IR on the implanted tumor cells rather than in most cells
of the body. The latter issue could have led to accumulation of cixu-
tumumab on the surface of the xenograft tumor, with potential for
murine immune response leading to antitumor effect. In the future,
xenograft studies of this sort should consider adding a control group
where an antibody against another cell surface protein ascertains
whether that alone is capable of generating antitumor effect.

Table 3. Association of Treatment Arm and Baseline Characteristics With PSA Response

PSA Comparison (ng/mL)

Univariable Multivariable

OR 95% CI P OR 95% CI P

Treatment (AD plus cixutumumab v AD)
� 0.2 v � 4.0 1.50 0.83 to 2.73 .18 1.40 0.70 to 2.78 .34
� 0.2 to � 4.0 v � 4.0 1.38 0.62 to 3.06 .43 1.48 0.63 to 3.44 .37

Age, years�

� 0.2 v � 4.0 1.15 1.01 to 1.35 .04 1.21 1.02 to 1.44 .03
� 0.2 to � 4.0 v � 4.0 1.05 0.87 to 1.27 .62 1.07 0.87 to 1.31 .55

Log PSA at baseline
� 0.2 v � 4.0 0.67 0.55 to 0.81 � .001 0.67 0.54 to 0.83 � .001
� 0.2 to � 4.0 v � 4.0 0.85 0.68 to 1.06 .15 0.83 0.65 to 1.06 .14

Gleason score (� 7 v � 7)
� 0.2 v � 4.0 0.47 0.14 to 1.58 .22
� 0.2 to � 4.0 v � 4.0 0.74 0.14 to 4.10 .73

Performance status
� 0.2 v � 4.0 0.79 0.45 to 1.39 .42
� 0.2 to � 4.0 v � 4.0 0.57 0.25 to 1.24 .17

Bone pain (no v yes)
� 0.2 v � 4.0 6.17 2.83 to 13.44 � .001 5.09 2.23 to 11.60 � .001
� 0.2 to � 4.0 v � 4.0 4.08 1.54 to 10.84 .005 3.63 1.35 to 9.79 .01

Site of metastasis (nonvisceral v visceral)
� 0.2 v � 4.0 1.32 0.57 to 3.07 .52
� 0.2 to � 4.0 v � 4.0 1.40 0.44 to 4.51 .57

BMI (obese v normal weight)
� 0.2 v � 4.0 2.05 0.93 to 4.52 .07
� 0.2 to � 4.0 v � 4.0 2.09 0.70 to 6.27 .19

Abbreviations: AD, androgen deprivation; BMI, body mass index; OR, odds ratio; PSA, prostate-specific antigen.
�Five-year increment in age.

Table 4. Treatment-Related AEs Experienced by � 10% of Patients in
Either Treatment Arm

AE

AD Plus Cixutumumab
(n � 101) AD Alone (n � 104)

Grade
1

Grade
2

Grade
3

Grade
1

Grade
2

Grade
3

ALT increased 13 1 1 9 0 0
AST increased 11 1 1 10 0 0
Anemia 26 4 1 16 0 1
Creatinine increased 2 2 0 1 0 0
Dry skin 14 0 0 0 0 0
Dysgeusia 10 1 0 0 0 0
Erectile dysfunction 2 1 1 7 4 0
Fatigue 40 16 0 26 7 0
Hot flashes 31 5 1 43 13 1
Hyperglycemia 28 15 8 8 0 0
Hypertension 6 7 2 4 7 2
Myalgia 13 0 0 1 0 0
Nausea 9 2 1 1 2 0
Neutrophil count

decreased 10 1 0 1 1 0
Platelet count

decreased 23 1 0 2 0 0

Abbreviations: AD, androgen deprivation; AE, adverse event.

Table 5. Association of Baseline CTC Level With PSA Response Categories

Baseline CTC
Count (per

7.5 mL
whole blood)

PSA (ng/mL)

Total
(n � 39)� 0.2

� 0.2 to
� 4.0 � 4.0

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

0 12 75.0 0 0.0 4 25.0 16 41.0
1 to 4 5 55.6 2 22.2 2 22.2 9 23.1
� 5 4 28.6 3 21.4 7 50.0 14 35.9

NOTE. Association between baseline CTC count and PSA response catego-
ries at 28 weeks (P � .036) from extended Mantel-Haenszel (correlation)
statistic.
Abbreviations: CTC, circulating tumor cell; PSA, prostate-specific antigen.
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LuCap 35 was the original xenograft used in preclinical stud-
ies, and characteristics of this model may not represent the patient
population studied in our clinical trial.12 First, LuCap 35 was
derived from a patient who had received treatment with castration,
flutamide, and diethylstilbestrol, whereas our trial patient popula-
tion was essentially systemic-treatment naive. LuCap 35 also har-
bors amplification of AR. Because IGF-IR inhibition decreases AR
signaling and nuclear localization, cixutumumab might work bet-
ter in AR-amplified patient populations. Therefore, given patient
and tumor heterogeneity, it would be prudent in future testing of
novel therapeutics to study multiple xenografts rather than rely on
one model.

The correlative studies in this trial had a limited number of
patients contributing blood-based biomarker specimens. Of 210 ran-
domly assigned patients, 86 (41%) had already started LHRH therapy
at time of random assignment and were in the late-induction group.
Although flexibility was necessary to facilitate trial accrual, no late-
induction patients were eligible for correlative science studies. In ad-
dition, cooperative group trial accruals occur at many sites where
biospecimen acquisition may not be commonplace. The limited sam-
ple size may have especially affected the IGF-IR–related biomarker
results and may have been a major barrier to proving the pharmaco-
dynamic effect of cixutumumab in this trial. Given the biomarker
findings, it is difficult to firmly conclude that the intended molecular
target was inhibited. Future trials of this sort may benefit from meta-
static tissue biopsies to ascertain baseline biologic characteristics and
determine if the molecular target is expressed, if the therapeutic agent
reaches the intended target, and if that interaction leads to the antici-
pated antitumor effect.

Baseline stratified CTC count was associated with stratified PSA
response at 28 weeks, although our sample size was limited to 39
patients. Regulatory approval of CTCs in prostate cancer was sup-
ported by studies in metastatic CRPC,13 whereas CTCs in HSPC have
only been explored in a limited number of studies.14,15 Although
baseline CTC count may have prognostic value, it is noteworthy that
41% of patients who donated biospecimens had a CTC count of 0
at baseline.

Although the primary findings from this randomized controlled
trial were negative, rationale exists for other combinations with
cixutumumab, such as docetaxel16 or mammalian target of rapa-
mycin inhibitors like temsirolimus.17 It is unlikely that another

large randomized controlled trial with cixutumumab or another
IGF-IR mAb will be explored in prostate cancer, given the experi-
ence to date.18 In addition, the ECOG (Eastern Cooperative On-
cology Group) 3805 trial showed a significant overall survival
benefit with addition of docetaxel to AD for patients with meta-
static HSPC.19

Patients in our trial will continue to be observed for overall
survival outcomes, and a prespecified secondary end point allows
for validation of the undetectable PSA correlation with overall
survival. This will be of great interest, because results from SWOG
9346 were reported before the era of at least five new survival-
prolonging therapies in metastatic CRPC, all only commercially
available since 2010.20 Should the prognostic value of the undetect-
able PSA model be validated in our trial, future testing of novel
therapeutics in the metastatic HSPC setting will be facilitated with
this earlier readout.
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Table 6. Correlation of IGF-IR Biomarkers With PSA Response Categories

Biomarker Measure

PSA (ng/mL)

P�

� 0.2 (n � 19) � 0.2 to � 4.0 (n � 4) � 4.0 (n � 12)

Median Range Median Range Median Range

C-peptide 15 125.2 32 68.6 18 29.5 .77
IGFBP-I 1,583 11,293.8 7,177 14,173.8 1,756 87,213.0 .27
IGFBP-III 73,934 90,660.8 64,237 396,021.7 63,478 65,506.7 .12
IGF-I 0.7 22.2 0.5 22.2 4 21.3 .47
IGF-II 129 1,087.2 164 1,296.9 120 161.7 .30
GH 50 337.6 34 45.7 117 818.6 .06
Insulin 9 119.3 8 81.2 8 34.0 .51

Abbreviations: BP, binding protein; GH, growth hormone; IGF, insulin-like growth factor; IGF-IR, insulin-like growth factor I receptor; PSA, prostate-specific antigen.
�Two-sided Kruskal-Wallis test.
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GLOSSARY TERMS

androgen deprivation therapy (ADT): treatment that
suppresses or blocks the production or action of male hormones.

androgen receptor: a DNA-binding and hormone-activated
transcription factor important to the development and progres-
sion of prostate cancer. Its primary ligand is dihydrotestosterone.
In later-stage (castration-resistant) prostate cancer, oncogenic
alterations such as androgen receptor overexpression allow the
androgen receptor to continue signaling despite undetectable, or
castrate, levels of serum testosterone.

circulating tumor cells: demonstration of isolated tumor
cell circulation/dissemination in the peripheral blood.

IGF-1R (insulin-like growth factor-1 receptor): a
tyrosine kinase receptor that protects several cell types from apo-
ptotic injuries by way of the activation of PI3K, Akt/PKB, and

phosphorylation of BAD (leading to its inactivation). IGF-1R also medi-
ates regulation of angiogenic factors in tumor cells.

metastatic castration-resistant prostate cancer
(mCRPC): progressive disease despite surgical castration or ongoing
use of gonadotropin-releasing hormone agonists with confirmed cas-
trate levels of testosterone.

prostate-specific antigen (PSA): a protein produced by cells of
the prostate gland. The blood level of prostate-specific antigen (PSA) is
used as a tumor marker for men who may be suspected of having pros-
tate cancer. Most physicians consider 0 to 4.0 ng/mL to be the normal
range. Levels of 4 to 10 and 10 to 20 ng/mL are considered slightly and
moderately elevated, respectively. PSA levels have to be complemented
with other tests to make a firm diagnosis of prostate cancer.

xenograft: host graft from a species that is not related to the
recipient.
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Appendix

Table A1. IGF-IR Biomarker Percent Change From Baseline to Week 12

Biomarker Measure (% �)

AD Plus Cixutumumab (n � 18) AD Alone (n � 9)

P�Median Range Median Range

C-peptide† 12 376.9 �17 560.0 .67
IGFBP-I† �24 117.5 33 622.3 .29
IGFBP-III† 11 216.5 �4 77.4 .15
IGF-I 4 2,137.7 4 222.1 .98
IGF-II �2 172.7 �10 112.8 .21
GH† 77 1,672.0 �23 536.2 .53
Insulin �2 239.4 �1 128.8 .82

Abbreviations: AD, androgen deprivation; BP, binding protein; GH, growth hormone; IGF, insulin-like growth factor; IGF-IR, insulin-like growth factor I receptor.
�Two-sided Wilcoxon rank sum test.
†n � 17.
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