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Abstract Introduction: Platelet-derived growth factor receptor-a (PDGFRa) is expressed in

primary prostate adenocarcinoma and in associated skeletal metastases. Olaratumab is a fully

human monoclonal antibody that binds PDGFRa and blocks downstream signalling. This

phase II study assessed the efficacy and safety of olaratumab in combination with mitoxan-

trone and prednisone (M/P) versus M/P alone in patients with metastatic castration-

resistant prostate cancer (mCRPC) who progressed after docetaxel.

Methods: Patients were randomised to receive 21-d cycles of olaratumab (15 mg/kg, Days 1

and 8) plus mitoxantrone (12 mg/m2, Day 1) and prednisone (5 mg, twice daily) or M/P alone.

Progression-free survival (PFS) was the primary end-point. Secondary end-points included

overall survival (OS), safety, and circulating tumour cell (CTC) counts.

Results: A total of 123 patients were randomised, 63 to olaratumab þ M/P and 60 to M/P.

Median PFS was 2.3 months for olaratumab þ M/P and 2.4 months for M/P (hazard ratio

[HR] Z 1.29; 95% confidence interval [CI] Z 0.87e1.90). Median OS was 14.2 months for

olaratumab þ M/P and 12.8 months for M/P (HR Z 1.08; 95% CI Z 0.72e1.61). Both treat-

ment arms had similar toxicity profiles; neutropenia (24% versus 15%), anaemia (13% versus

14%) and fatigue (11% versus 9%) (olaratumab þM/P versus M/P, respectively) were the most

common grade �3 events. High CTC count was associated with poorer OS in both arms. Pa-

tients with very high cell counts (>37 cells/7.5 ml) exhibited improved OS with

olaratumab þ M/P (interaction P Z 0.043).

Conclusions: Olaratumab þ M/P had an acceptable safety profile but did not improve the ef-

ficacy of M/P chemotherapy. Further study with selected patient populations and earlier in the

disease course might be considered.

ª 2018 Published by Elsevier Ltd.
1. Introduction

Prostate cancer is the second most frequently diagnosed

cancer in men next to skin cancer. GLOBOCAN cancer

incidence data indicate that 1.1 million men were diag-

nosed with prostate cancer worldwide in 2012 [1].

Patients with metastatic prostate cancer undergo hor-
mone ablation, either surgical or medical castration, to

slow the progression of the disease, but metastatic

castration-resistant prostate cancer (mCRPC) develops

within 18e24 months [2,3]. Docetaxel is the first-line

chemotherapy treatment for mCRPC, but progression

is likely to occur. Cabazitaxel is an established second-

line chemotherapy; abiraterone and enzalutamide are

additional available hormonal treatments [4]. However,
even with these treatments, prognosis for patients with

mCRPC remains poor; thus, the development of more

specific targeted therapy with better tolerance and effi-

cacy is needed.

Mitoxantrone was used to treat mCRPC before the

introduction of docetaxel and cabazitaxel. In combina-

tion with corticosteroids, mitoxantrone is effective in

decreasing bone pain associated with osseous metastases
in mCRPC. It also increases the rate of prostate-specific

antigen (PSA) decline and increases the time to PSA and

clinical progression [5e7]. However, second-line mitox-

antrone treatment of mCRPC has not been shown to

impact overall survival (OS) [5,6].

The interaction of platelet-derived growth factor

(PDGF) isoforms and their receptors (PDGFRs)
mediate tissue homeostasis, especially mesenchymal cell
growth, differentiation, and motility [8]. Activation of

the PDGF signalling pathway is involved in the devel-

opment and progression of multiple malignancies

[8e10]. Elevated or aberrant PDGF receptoreligand

interactions have been implicated in affecting the

tumour and stroma microenvironment and facilitating

metastases [8e10].

Olaratumab (IMC-3G3) is a recombinant fully
human immunoglobulin G class 1 (IgG1) monoclonal

antibody that specifically targets PDGFRa, blocking

PDGF-AA and eBB ligands from binding to the re-

ceptor [11]. The resultant inhibition of the ligand-

induced receptor autophosphorylation and the phos-

phorylation of the downstream signalling molecules

AKT and mitogen-activated protein kinase results in an

inhibition of the proliferation and growth of a variety of
human tumour types in vitro and in vivo [12]. Clinically,

olaratumab has been shown to greatly improve OS when

used for the treatment of soft tissue sarcoma in

conjunction with doxorubicin [13].

Bone metastatic prostate cancer cells highly express

PDGFRa [14]. Observations from a mouse model of

experimental prostate cancer metastasis have shown that

prostate cancer cells expressing PDGFRa survive and
grow during early stages of bone marrow dissemination,

while cells expressing lower levels or lacking this recep-

tor do not [15]. The same mouse model also showed that

functional blockade of human PDGFRa on prostate

cancer cells with olaratumab inhibited the establishment
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of early skeletal metastases and reduced the size of

established skeletal metastases [14,15]. These results

implicate PDGFRa in prostate cancer bone tropism.

A phase I study established the safety and tolerability

of olaratumab in patients with advanced solid tumours

without any dose-limiting toxicity observed [16]. In this

study, 7 of 11 mCRPC patients (59%) enrolled demon-

strated stable disease with one of these patients experi-
encing a PSA decline >50% and continuing on study for

39 weeks until disease progression.

These preclinical and phase I results led us to conduct

a randomised phase II trial to assess the safety and ef-

ficacy of olaratumab in combination with mitoxantrone

and prednisone (M/P) in patients with mCRPC.
2. Methods

2.1. Study design

This open-label, randomised, phase II study was con-

ducted at 38 study centres in 7 countries. Patients were

randomised 1:1 via an interactive voice or Web-response

system to receive M/P plus olaratumab (olaratumab þ
M/P arm) or M/P arm during a 3-week (21-d) cycle.

Randomisation was stratified according to best overall

response to prior docetaxel-based chemotherapy (com-

plete response [CR], partial response [PR], stable disease
[SD] or progressive disease [PD], including clinical

symptom progression and intolerance). The primary end-

point was progression-free survival (PFS). Secondary

end-points included OS, objective response rate (ORR),

duration of response, PSA doubling time, PSA response

rate (�50% and�30% decline in pre-treatment PSA) and

the association of baseline circulating tumour cell (CTC)

counts with efficacy end-points. This study (Clinical-
Trials.gov:NCT01204710) was conducted according to

the Declaration of Helsinki and with approval from

institutional review boards of all participating study sites.

All participants provided written informed consent prior

to any study-related procedures. The trial was funded by

the study sponsor and designed by the principal investi-

gator (O.H.) and the sponsor.

2.2. Patient enrolment

Eligible patients were males aged �18 years with histo-

logically confirmed prostate cancer and radiographic

evidence of metastatic prostate cancer (stage M1 or D2)

that was unresponsive or refractory to medical or sur-

gical castration and with a serum testosterone level of

<50 ng/dl (castration resistant). Patients using luteiniz-

ing hormoneereleasing hormone agonists continued
these while on study treatment. Patients had disease

progression (clinical or radiographic) during docetaxel

or within 120 d of receiving docetaxel chemotherapy.

Patients had a serum PSA �10 ng/ml; an Eastern
Cooperative Oncology Group performance status

(ECOG PS) of 0e2 and adequate hematologic, hepatic

and renal function. Patients who had received more than

one prior cytotoxic chemotherapy regimen for meta-

static disease, prior therapy with mitoxantrone, or an

inhibitor of PDGF or PDGFR were not eligible.

2.3. Study procedures

Patients in the olaratumab þ M/P arm received olar-
atumab intravenously at 15 mg/kg over 1 h on Days 1

and 8 of each 21-d cycle. Patients in both arms received

mitoxantrone (12 mg/m2) intravenously on Day 1 of the

21-d cycle and prednisone (5 mg) orally, twice daily and

every day. Patients continued to receive treatment with

study therapy until evidence of disease progression,

death, intolerable toxicity or other withdrawal criteria

were met. Mitoxantrone was administered for a
maximum of 12 cycles (total cumulative dose of

�144 mg/m2). Patients in the olaratumab þ M/P arm

who became intolerant of mitoxantrone could continue

with olaratumab monotherapy. At the time of disease

progression, patients in the M/P arm could elect to

receive optional olaratumab monotherapy until unac-

ceptable toxicity or disease progression.

Following a baseline radiographic assessment of
disease within 21 d prior to randomisation, patients

underwent radiographic assessment at 9 weeks (�3 d)

following the first treatment and thereafter every 6

weeks (�3 d) until radiographic documentation of PD.

Response Evaluation Criteria in Solid Tumours

(RECIST version 1.1) [17] for tumour measurements

were used to determine PFS, ORR, and duration of

response. Safety parameters were assessed throughout
the study until 30 d after discontinuation of study

treatment or death, whichever occurred first. Adverse

events were graded according to the National Cancer

Institute Common Terminology Criteria for Adverse

Events (CTCAE; version 4.02) [18]. A limited number of

samples for pharmacokinetic analysis was obtained

during the study; therefore, pharmacokinetic data

analysis was not conducted.

2.4. Biomarkers

Patients had whole blood collected (10 ml, via ven-

epuncture into aCellSave Preservative tube) prior to cycle

1 for the determination of CTC count. Counts were per-

formed using CellSearch technology at Esoterix (Lab-

Corp Company, Mechelen, Belgium). The CTC count

groupswere definedusing a 5 cells/7.5ml cutpoint [19] and
a third quartile (75th percentile) cutpoint of 37 cells/7.5ml.

2.5. Statistical methods

Efficacy analysis was based on the modified intent-to-

treat (mITT) population that included all patients who
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were randomised and treated. The safety population

included all patients who received any amount of study

therapy.

Tumour response was assessed according to RECIST

v1.1. The PFS and OS were evaluated by the

KaplaneMeier method [20]. The PFS and OS compar-

ison between treatment arms was accomplished using

the log-rank test, stratified by prior response to doce-
taxel chemotherapy. Hazard ratios (HR), including 95%

confidence interval (CI), were calculated using the Cox

proportional hazards model.

All analyses were done using SAS Version 8.2 or

later. Additional statistical methodology is available in

the online supplement.
3. Results

3.1. Baseline patient and disease characteristics

Beginning October 2010, a total of 123 patients were

randomised at 38 study centres in seven countries (63

olaratumab þ M/P; 60 M/P), and 121 received at least

one dose of study treatment (62 olaratumab þ M/P;

59 M/P; mITT population; Fig. 1). Nineteen patients

from the M/P arm elected to receive optional olar-
atumab monotherapy after PD. Demographic and

baseline disease characteristics were well balanced be-

tween both treatment arms (Table 1) except for an
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Fig. 1. Patient disposition. The diagram depicts the flow of patients in t

all patients who were randomised and received any quantity of a stud
imbalance in ECOG scores (greater PS 1 in

olaratumab þ M/P arm and greater PS 0 in M/P arm).

Most study patients were White (99.2%). The mean

patient age was 67.4 years (range: 40e81 years).

At the time of primary data cut-off (28 September

2012), 60 patients (96.8%) in the olaratumab þ M/P arm

and all 59 patients in the M/P arm were off treatment.

The most common reasons for discontinuation of
treatment in both arms were radiographic PD (41 pa-

tients, 33.9%) and clinical progression (32 patients,

26.4%) and AEs (17 patients, 14.0%). Of the nineteen

patients from the M/P arm who crossed over to olar-

atumab (i.e. received follow-on treatment with olar-

atumab after an event of PD), at the time of data cut-

off, 15 crossover patients (78.9%) were off treatment.

For these patients, the most common reasons for
treatment discontinuation were radiographic PD (six

patients, 31.6%) and clinical progression (four patients,

21.1%).
3.2. Treatment

For patients in the olaratumab þ M/P arm, the median

(range) duration of olaratumab therapy was 20.6 weeks

(3.0e116.9) and of mitoxantrone therapy was 19.6
weeks (0e42.3). Patients in the M/P arm had a median

(range) duration of mitoxantrone therapy of 15.1 weeks

(3.0e39.0). Patients who crossed over to optional
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Table 1
Patient and disease characteristics.

Characteristics Olaratumab þ M/P

arm (N Z 62)

M/P arm

(N Z 59)

Age (y)

Mean (Std Dev) 67.4 (6.5) 67.4 (7.5)

Median 68.0 69.0

Range 51e81 40e79

Race, n (%)

White 62 (100.0) 58 (98.3)

Multiple 0 1 (1.7)

Ethnicity, n (%)

Hispanic or Latino 2 (3.2) 3 (5.1)

Non-Hispanic or Latino 60 (96.8) 56 (94.9)

ECOG PS, n (%)

0 23 (37.1) 29 (49.2)

1 35 (56.5) 27 (45.8)

�2 4 (6.5) 3 (5.1)

Best overall response to prior docetaxel-based chemotherapy, n (%)

CR/PR/SD 33 (53.2) 36 (61.0)

PD/NE 29 (46.8) 23 (39.0)

Previous surgery, n (%) 39 (62.9) 39 (66.1)

Previous radiotherapy, n (%) 30 (38.4) 32 (54.2)

Duration of diseasea, (months)

Mean (Std Dev) 69.8 (47.4) 57.1 (40.9)

Median 52.7 43.0

Range 14.2e202.1 13.4e181.4

CR Z complete response; ECOG PS Z Eastern Cooperative

Oncology Group performance status; M/P Z mitoxantrone/predni-

sone; NE Z not evaluable; PD Z progressive disease; PR Z partial

response; SD Z stable disease; Std Dev Z standard deviation.
a Duration of disease is the time from the histological confirmation

of cancer to date of randomisation.
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olaratumab monotherapy treatment (n Z 19 patients)

had a median duration of olaratumab therapy of 10.0

weeks (range: 3.0e38.0). Post-study anti-cancer treat-

ments were similar for both treatment arms (Online

Supplement, Table S1).
3.3. Efficacy outcomes

As of the primary data cut-off date, 52 patients (83.9%)

in olaratumab þM/P arm and 54 patients (91.5%) in the

M/P arm had PFS-relevant events (Table 2). The median

PFS was similar in both treatment arms, 2.3 months

with olaratumab þ M/P and 2.4 months with M/P

(HR Z 1.29; 95% CI Z 0.87e1.90; Fig. 2A).
As of the final data cut-off date for OS (01 October

2013), a total of 50 patients (80.6%) in the

olaratumab þ M/P arm and 46 patients (78.0%) in the

M/P arm had reached the OS end-point (Table 2). Me-

dian OS was similar for both treatment arms with 14.2

months for olaratumab þM/P and 12.8 months for M/P

(HR Z 1.08; 95% CI Z 0.72e1.61; Fig. 2B).

Tumour response (measurable or non-measurable)
was assessed by investigators for all mITT patients

(Table 2). The overall response rate (CR þ PR) was

8.1% (n Z 5) for patients treated with olaratumab þ M/

P and 1.7% (n Z 1) for patients treated with M/P. The
disease control rate (CR þ PR þ SD) was 56.5% in the

olaratumab þ M/P arm and 59.3% in the M/P arm.

The proportion of patients with a decrease in PSA

�50% from baseline was 22.6% (n Z 14) in the

olaratumab þ M/P arm and 18.6% (n Z 11) in the M/P

arm (P Z 0.6571; Table 2).

3.4. CTC counts

The mITT population included 103 patients with
evaluable baseline CTC counts. The CTC count groups

were defined using a 5 cells/7.5 ml cutpoint [19] and a

third quartile (75th percentile) cutpoint of 37 cells/

7.5 ml. Patient subgroups defined by >5-cell and >37-

cell cutpoints exhibited shorter median OS in both

treatment arms than patients with <5-cell and <37-cell

cutpoints (Interaction Model, Table 3). When the

treatment arms were combined (Main Effects Model,
Table 3), the >5-cell and >37-cell CTC count patient

subgroups had statistically significant shorter OS

compared to the rest of the study population

(P < 0.001 at both cutpoints). The same pattern was also

seen for PFS (both statistical models). When the CTC

count was considered as a continuous variable,

increasing CTC count was negatively associated with OS

(Online Supplement, Table S2; see Table 4).
Treatment arms were also compared within the CTC

count subgroups (Interaction Model). For patients with

CTC counts exceeding the 37-cell cutpoint, there was

evidence of better OS with olaratumab þ M/P (12.2

months versus 5.8 months, HR Z 0.43, p Z 0.095;

interaction P Z 0.043; Table 3).

3.5. Safety

The treatment arms had similar numbers of patients
with one or more grade �3 treatment-emergent adverse

event (TEAE): 35 (56.5%) olaratumab þ M/P versus 36

(61%) M þ P arm. The most frequently reported grades

�3 TEAEs in either arm were neutropenia (24% versus

15%), anaemia (13% versus 14%) and fatigue (11%

versus 9%). The incidence of serious adverse events

(SAEs) was higher in the olaratumab þ M/P arm

(n Z 26, 42%) versus the M/P arm (19, 32%); the most
common SAEs were haematological. The number of

patients presenting AEs leading to discontinuation of

any study drug was similar in both arms: 15 (24%) in the

olaratumab þ M/P arm (most commonly, haemato-

logical) and 12 (20%) in the M/P arm (most commonly,

haematological and general disorders). Infusion-related

reaction (cycle 1) was observed in the olaratumab þ M/

P arm in 5 (8%) patients, with 3 (5%) patients of grade
�3.

The chief cause of death was disease progression

(70% olaratumab þ M/P; 66% M/P arm). The incidence

of AEs leading to death was also similar in both arms:

four patients in the olaratumab þ M/P arm (stroke,



Table 2
Summary of efficacy measures.

Efficacy measure Olaratumab þ M/P

arm (N Z 62)

M/P arm (N Z 59) Elective olaratumab

(N Z 19a)

Progression-free survivalb

Number of events, n (%) 52 (83.9) 54 (91.5)

Number censored, n (%) 10 (16.1) 5 (8.5)

Median (mo) 2.3 2.4

(95% CI) (2.2e2.8) (2.2e3.8)

Hazard ratio, stratifiedc 1.29

(95% CI) (0.87e1.90)

Log rank P value, stratifiedc 0.2201

Overall survivald

Number of events, n (%) 50 (80.6) 46 (78.0)

Number censored, n (%) 12 (19.4) 13 (22.0)

Median (mo) 14.2 12.8

(95% CI) (12.2e16.0) (8.1e16.4)
Hazard ratio, stratifiedc 1.08

(95% CI) (0.72e1.61)

Log rank P value, stratifiedc 0.7291

Best overall response rate, n (%)b

CR 1 (1.6) 0 0

PR 4 (6.5) 1 (1.7) 0

Objective response, CR þ PR 5 (8.1) 1 (1.7) 0

(95% CIe) (3.5e17.5) (0.3e9.0) (0.0e16.8)
P value 0.2078

SD 30 (48.4) 34 (57.6) 5 (26.3)

Disease control, CR þ PR þ SD 35 (56.5) 35 (59.3) 5 (26.3)

(95% CIe) (44.1e68.1) (46.6e70.9) (11.8e48.8)

PD 18 (29.0) 16 (27.1) 7 (36.8)

NE 1 (1.6) 0 0

NA 8 (12.9) 8 (13.6) 7 (36.8)

PSA

Patients with PSA decrease �50%f 14 (22.6) 11 (18.6) 0

(95% CIe) (14.0e34.4) (10.7e30.4) (0.0e16.8)

Patients with PSA decrease �30%g 14 (22.6) 10 (16.9) 5 (26.3)

(95% CIe) (14.0e34.4) (9.5e28.5) (11.8e48.8)

Patients with PSA doubled 35 (56.5) 25 (42.4) 8 (42.1)

Median PSA doubling time (wk) 9.4 14.3 12.1

(95% CI) (8.1e14.9) (10.4e17.1) (4.0e21.1)

CI Z confidence interval; CR Z complete response; PSA Z prostate-specific antigen; M/P Z mitoxantrone/prednisone; NA Z not applicable;

NE Z not evaluable; PD Z progressive disease; PR Z partial response; SD Z stable disease; Std Dev Z standard deviation.
a For patients in M/P arm electing to receive olaratumab therapy after progressing on M/P, the best overall response assessment under M/P arm

was based on all tumour assessments prior to the start of the olaratumab therapy. The best overall response while receiving optional olaratumab

therapy was evaluated relative to the last tumour assessment before starting olaratumab treatment.
b Based on data cut-off of 28 September 2012.
c Stratified by the randomisation stratification factor: best overall response to prior docetaxel-based chemotherapy.
d Based on data cut-off of 01 October 2013.
e Estimated using binomial distribution (Wilson’s method).
f The proportion of patients with a decrease in PSA �50% from the pre-treatment PSA to any time point, requiring confirmation no less than 3

weeks after the initial suggestion of response and occurring prior to documentation of PD.
g The proportion of patients with a decrease in PSA �30% from the pre-treatment PSA to Week 12 (or earlier for those who discontinue

therapy without any confirmation).
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weakness, bilateral chronic heart failure and multiorgan

failure) and four patients in the M/P arm (cardiac arrest,

cerebral bleeding and two patients with pneumonia). All

deaths were considered unrelated to any study drug

except one death (pneumonia) in the M/P arm, which
was considered related to mitoxantrone.

Evaluable patients treated with olaratumab þ M/P

(n Z 52) were tested for the formation of anti-drug

antibodies (ADA) against olaratumab. Two (3.8%) pa-

tients had treatment-emergent ADA with neutralising
antibodies detected. One patient showed transient

treatment-emergent ADA (highest titre 1:160), and one

patient exhibited persistent treatment-emergent ADA

(1:40 titre), experienced an infusion-related reaction to

olaratumab, and was discontinued from the study drug.

4. Discussion

Aberrant expression or activity of the PDGF family of

receptors and ligands has been associated with tumour



Fig. 2. Graphs of KaplaneMeier estimates of (A) progression-free survival and (B) overall survival. Abbreviations: M/P Z mitoxantrone/

prednisone.
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proliferation, invasion and angiogenesis [8e10]. Bone
metastatic prostate cancer cells express PDGFRa, and
preclinical research suggests that PDGFRa may play a

role in prostate cancer bone tropism [14,15]. These ob-

servations provided the rationale to study the potential

therapeutic effect of olaratumab in mCRPC after failed

docetaxel chemotherapy in a randomised phase II study.

M/P, which was a common second-line treatment at the

time of study design, was chosen as the comparator.
Study results showed that olaratumab added to M/P did

not extend the median PFS or OS in docetaxel-

refractory mCRPC patients compared to M/P alone

nor did olaratumab improve tumour response or disease

control rate. Analyses of pre-treatment and concomitant

factors revealed no obvious imbalances that could have

affected the study results. Likewise, clinical safety con-

siderations likely did not impact results. Olaratumab
with M/P showed an acceptable, monitorable and

tolerable safety profile, consistent with previously pub-

lished literature [13].

In a preclinical animal model, olaratumab, with or

without the bisphosphonate zoledronic acid, had been
effective in decreasing the number of further skeletal
metastases in prostate models [14]. Imatinib, a small

molecule PDGFR inhibitor, also showed preclinical ef-

ficacy but was ineffective in clinical trials of prostate

cancer [21]. A potential explanation for the lack of

clinical benefit in our study might be that PDGFRa,
while being expressed in prostate cancer, is not causally

related to tumour progression in CRPC patients.

Instead, other signalling pathways known to induce
tumour proliferation may drive CRPC progression, such

as disruption to the PI3K antagonist, PTEN; copy

number gain of oncogenic transcription factor MYC;

and re-initiation of mitogenesis by reactivation of the

AR pathway through accruing genomic aberrations [22].

Activation of these overlapping cellular signalling

pathways also provides a compensatory mechanism in

response to upstream receptor blockade by antibodies,
such as olaratumab, allowing tumour cells to escape

from targeted pathway inhibition and develop resistance

to such drugs [23]. Multi-kinase inhibitors such as

sunitinib have also been unsuccessful in providing sur-

vival benefit to CRPC patients [24]. Sunitinib is a



Table 3
Cox regression on OS and PFS, baseline dichotomised CTC counts.

Cutpoint

(number

of cells/

7.5 ml)

Efficacy endpoint Interaction model Main effects model

High CTCa Low CTCb Interaction

P value

High CTC Low CTC

Olaratumab þ
M/P

M/P Olaratumab þ
M/P

M/P Combined

arms

(n Z 64)

Combined

arms

(n Z 39)

5 cellsc Median OS (mo) 12.9 8.1 16.5 23.0 0.237f 11.6 19.0

HRd (95% CI) 0.92 (0.55e1.55); P Z 0.750e 1.65 (0.72e3.77); P Z 0.461 3.05 (1.86e4.99)g; P < 0.001f

37 cellsh Median OS (mo) 12.2 5.8 15.7 15.3 0.043 6.7 15.7

HR (95% CI) 0.43 (0.19e0.97); P Z 0.095 1.19 (0.71e2.02); P Z 0.510 2.98 (1.79e4.97); P < 0.001

5 cells Median PFS (mo) 2.3 2.3 2.4 4.9 0.189 2.3 3.6

HR (95% CI) 1.14 (0.67e1.93); P Z 0.632 2.06 (0.99e4.25); P Z 0.150 2.26 (1.44e3.55)i; P Z 0.0003

37 cells Median PFS (mo) 2.1 2.2 2.4 3.2 0.493 2.2 2.4

HR (95% CI) 1.04 (0.47e2.26); P Z 0.930 1.44 (0.86e2.41); P Z 0.333 1.89 (1.18e3.02); P Z 0.0112

CI Z confidence interval; CTC Z circulating tumour cell; HR Z hazard ratio; N Z total number of patients; n Z number of patients in the

specified category; M/P Z mitoxantrone/prednisone; OS Z overall survival; PFS Z progression-free survival.
a Patients with high relative CTC counts, as identified by CTC counts of greater than or equal to the threshold.
b Patients with low relative CTC counts, as identified by CTC counts less than the threshold.
c The 5 cells/7.5 ml cutpoint corresponds to approximately quartile 2 (8 cells). The 5-cell cutpoint resulted in these numbers of patients in the

subgroups: n Z 32 for both treatment arms in the high CTC subgroup; n Z 21 and n Z 18 for the Olaratumab þ M/P and M/P arms,

respectively, for the low CTC subgroup.
d Hazard ratio for death from any cause (or progressive disease for PFS) comparing Olaratumab þ M/P subgroup versus M/P subgroup within

CTC counts subgroups. Hazard ratio >1 indicates increasing hazards with Olaratumab þ M/P subgroup compared to M/P subgroup.
e P values presented for tests of contrasts within interaction model have been adjusted using the Hochberg method assuming four post hoc tests.
f P value is not adjusted.
g Hazard ratio for death from any cause comparing high versus low CTC counts subgroups.
h The 37 cells/7.5 ml cutpoint corresponds to quartile 3 (75%). The 37-cell cutpoint resulted in these numbers of patients in the subgroups:

n Z 17 and n Z 11 for the Olaratumab þ M/P and M/P arms, respectively, for the high CTC subgroup, and n Z 36 and n Z 39 for the

Olaratumab þ M/P and M/P arms, respectively, for the low CTC subgroup.
i Hazard ratio for progression of disease comparing high versus low CTC counts subgroups.
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multitarget inhibitor of VEGFRs, PDGFRs and other

receptor tyrosine kinases. In a randomised phase III
trial, the addition of sunitinib to prednisone did not

improve OS compared with placebo in docetaxel-

refractory mCRPC [24]. Similarly, cabozantinib,
Table 4
Treatment-emergent adverse events.

Olaratumab þ M/P arm (N Z

All grades

TEAEs with frequency �10%

Fatiguea 29 (47)

Neutropeniaa 24 (39)

Anaemiaa 20 (32)

Nausea 15 (24)

Diarrhoea 12 (19)

Decreased appetite 11 (18)

Thrombocytopaeniaa 8 (13)

Pain in extremity 8 (13)

Arthralgia 7 (11)

Back pain 6 (10)

Bone pain 6 (10)

Peripheral oedema 6 (10)

Special interest AEs with frequency �5%

Infusion-related reactionsa,b 5 (8)

Any SAE 26 (42)

M/P Z mitoxantrone/prednisone; TEAE Z treatment-emergent adverse ev
a Pooled term.
b All infusion-related reactions occurred with cycle 1.
another multi-kinase inhibitor, failed to show statisti-

cally significant OS improvement in a phase III trial in
patients with mCRPC and progressive disease after

docetaxel [25]. The apparent clinical lack of effect of

PDGFRa blockade in our study might also be due to
62), n (%) M/P (N Z 59), n (%)

Grade �3 All grades Grade �3

7 (11) 21 (36) 5 (9)

15 (24) 17 (29) 9 (15)

8 (13) 15 (25) 8 (14)

0 14 (24) 1 (2)

0 7 (12) 0

0 6 (10) 0

4 (6) 6 (10) 4 (7)

0 3 (5) 0

1 (2) 3 (5) 0

0 7 (12) 1 (2)

0 4 (7) 1 (2)

0 5 (8.5) 1 (2)

3 (5) 2 (3) 1 (2)

21 (34) 19 (32) 19 (32)

ent; SAE Z serious adverse event.
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the clinical characteristics of the patient population

enrolled representing mCRPC with very advanced

stages of bone disease. Relative to the TAX327 study in

docetaxel-naı̈ve patients with a 16.5 months median

survival for mitoxantrone [26], the median OS for

mitoxantrone in our study for previously docetaxel-

treated patients was 3.7 months shorter, even though

about 30% of patients in both arms received abiraterone
as post-study treatment. This result supports the notion

of an advanced, poor prognosis patient population

enrolled in this study. In contrast, the mouse model of

experimental metastasis where olaratumab was effective

in decreasing the number of metastases, modelled the

early stages of PDGFRa-dependent prostate cancer cell
bone marrow dissemination [14].

High CTC counts usually prognosticate poor PFS
and OS in metastatic prostate cancer [19]. In our study,

a high CTC count was also associated with poor OS in

both treatment arms. The prespecified analysis indicated

that patients with a very high CTC count (>37/7.5 ml)

might benefit from olaratumab treatment. Interestingly,

the 5 cells/7.5 ml CTC count cutpoint that is commonly

used in prostate cancer provided a directional, but not a

significant, prediction of an effect of olaratumab on OS.
Both the CTC 37-cell and 5-cell cutpoint results require

prospective validation.

Although the use of the CTC 5 cells/7.5 ml cutpoint is

increasingly accepted as a biomarker to guide patient

treatment for mCRPC [27], our results suggest the need

for scrutiny of other CTC cutpoints, especially when

investigating new treatments. Certainly, investigating

CTC androgen receptor mutations (e.g. AR-V7) is
proving to be another possible means by which CTC

cells could be useful as prognostic and predictive

markers for tailoring mCRPC treatment [28].

In conclusion, the anti-PDGFRa monoclonal anti-

body olaratumab added to M/P treatment in advanced

docetaxel-refractory mCRPC with bone metastases did

not improve PFS or OS, while relative safety of olar-

atumab could be demonstrated. However, in view of
preclinical work implicating PDGFa in the pathogenesis

of prostate cancer metastases, further study with

different patient populations and notably earlier in the

disease course might be considered.
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