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Abstract Background: Cixutumumab, a human monoclonal antibody (HuMAb), targets the
insulin-like growth factor receptor. Ramucirumab is a recombinant HuMAb that binds to vas-
cular endothelial growth factor receptor-2. A non-comparative randomised phase II study
evaluated cixutumumab or ramucirumab plus mitoxantrone and prednisone (MP) in
metastatic castration-resistant prostate cancer (mCRPC).
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Patients and methods: Men with progressive mCRPC during or after docetaxel therapy
received mitoxantrone 12 mg/m2 on day 1 and prednisone 5 mg twice daily and were random-
ised 1:1 to receive either cixutumumab or ramucirumab 6 mg/kg intravenously weekly in a
21-day cycle. Primary end-point was composite progression-free survival (cPFS). Secondary
end-points included safety, response, radiographic progression-free survival (PFS) and overall
survival (OS). Sample size was based on a 50% increase in median cPFS from 2.6 (MP) to
3.9 months (either combination).
Results: 132 men were treated (66 per arm). Median cPFS was 4.1 months (95% confidence
interval (CI), 2.2–5.6) for cixutumumab and 6.7 months (95% CI, 4.5–8.3) for ramucirumab.
Median time to radiographic progression was 7.5 months for cixutumumab and 10.2 months
for ramucirumab, with a median OS of 10.8 and 13.0 months, respectively. Fatigue was the
most frequent adverse event (AE). Incidence of most non-haematologic grade 3–4 AEs was
<10% on both arms. Grade 3 cardiac dysfunction occurred in 7.6% of patients on ramuciru-
mab.
Conclusion: Combinations of cixutumumab or ramucirumab plus MP were feasible and asso-
ciated with moderate toxicities in docetaxel-pretreated men with mCRPC. Of the two regi-
mens, the ramucirumab regimen is worthy of further testing based on the observed cPFS
relative to the historical control.

� 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-
NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Despite significant progress in therapy development
for patients with metastatic castration-resistant prostate
cancer (mCRPC), survival is limited and better treat-
ments are needed [1–3]. Insulin-like growth factor
(IGF) and type-1 receptor (IGF-IR)-mediated signalling
can potentiate androgen-receptor activation [4], and
IGF-IR signalling contributes to proliferation,
tumour-stromal interactions, invasion and metastasis
[5–9] in preclinical models of prostate cancer (PC).
Anti–IGF-IR antibodies, IGF-IR kinase inhibitors and
antisense oligonucleotides to IGF-IR inhibit PC growth
in vitro and in vivo [10–12].

Cixutumumab (IMC-A12) is a human immunoglobu-
lin G, subclass 1 (IgG1) monoclonal antibody (MAb)
with high affinity and specificity for IGF-IR and is an
antagonist of IGF-I and IGF-II ligand binding and sig-
nalling [13,14]. Cixutumumab inhibits the proliferation
and growth of a variety of human tumour cell lines, both
in vitro and in vivo [13]. Cixutumumab inhibited growth
of androgen-dependent and androgen-independent
xenograft prostate tumours and growth inhibition was
enhanced when cixutumumab was co-administered with
docetaxel in CRPC models [14,15]. Preclinical data sug-
gest that cixutumumab monotherapy inhibits but does
not completely arrest tumour growth, with the most
profound effects observed when IGF-IR inhibitors are
combined with other agents [16]. In a phase II study
of cixutumumab monotherapy in mCRPC patients, 9
of 31 (29%) had disease stabilisation for at least
6 months and cixutumumab was found to be well toler-
ated [17].

Vascular endothelial growth factor (VEGF) is
up-regulated in PC, and higher expression has been

associated with higher grade [18], more advanced dis-
ease, rapid progression and shorter survival [19–22].
Microvessel density and VEGF expression are
increased in PC and higher levels of circulating and
tumour VEGF are associated with aggressive clinical
and preclinical PC phenotypes [18,20–22]. Inhibition
of VEGF receptor-2 (VEGFR-2) with the antibody
DC101 inhibits PC growth and bone metastasis in
murine models [23]. Ramucirumab is a recombinant
human IgG1 MAb that binds specifically and with
high affinity to VEGFR-2, and inhibits receptor acti-
vation [24]. Preclinical cellular and animal models of
solid and liquid tumours have demonstrated that
ramucirumab attacks its intended target with inhibi-
tion of VEGF-induced VEGFR-2 activation and inhi-
bition of VEGF-stimulated cellular migration and
proliferation, and efficacy has been demonstrated in
phase I trials, particularly in heavily pretreated refrac-
tory patients [25].

At the time of the study design, mCRPC patients pro-
gressing on docetaxel had no life-prolonging therapy
choices and the only available treatment was the combi-
nation of mitoxantrone and prednisone, which was
approved for pain palliation [26].

Based on the biological and preclinical data, we
hypothesised that cixutumumab or ramucirumab
would enhance the activity of mitoxantrone and pred-
nisone in men with docetaxel-pretreated mCRPC. The
study was designed and completed before the regula-
tory approvals of cabazitaxel, abiraterone, enzaluta-
mide and radium-223 in the post-docetaxel setting.
Thus, we conducted a randomised, open-label,
non-comparative phase II study of cixutumumab or
ramucirumab plus mitoxantrone and prednisone in
patients with mCRPC.
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