
ABSTRACT

The arrival of several new agents—cabazitaxel, abi-
raterone acetate, enzalutamide, and radium-223—is
changing the treatment options and management of pa-
tients with metastatic castration-resistant prostate cancer
(mCRPC). Many other novel agents are also being investi-
gated. As new drugs become approved, new treatment

strategies and markers to best select which patients will
best respond to which drug are needed. This review article
is a summary of a European Treatment Practices Meeting,
which was convened to discuss these latest data on novel
agents and current treatment strategies in the mCRPC
setting. TheOncologist2013;18:558–567

Implications for Practice: With so many novel agents available to treat patients with metastatic castration-resistant prostate
cancer (mCRPC), abetterunderstandingof factors to considerwhenassessing the clinical utility of treatmentoptions forpatients
isneeded.This reviewarticlediscusses treatmentstrategies formCRPC in the first- andsecond-linesetting,andhighlights therole
of clinical markers, patient history, and assessing fitness for treatment when making treatment decisions. Prostate cancer is a
heterogeneous disease, therefore, treatmentmust consider the characteristics of the disease as itmanifests in an individual pa-
tient. In addition, assessments of patient response to treatment should reflect the mechanism of the drug. Further study is
needed to identify predictive biomarkers to indicate patient response to novel agents.

INTRODUCTION

Aside from skin cancer, prostate cancer is reported to be the
most common cancer inmen living in the U.S. and Europe [1–
3]. In 2013, the age-standardized mortality rate for prostate
cancer is predicted to be 10.5 per 100,000men, and rates are
predictedtobeginasteadydeclineacross theEuropeanUnion
[4]. Metastatic castration-resistant prostate cancer (mCRPC)
is an advanced form of the disease characterized by disease
progression following surgical or medical castration. The Eu-
ropean Association of Urology definesmCRPC as castrate lev-
els of serum testosterone, three consecutive increases in
prostate-specific antigen (PSA) resulting in two50% increases
above the nadir, antiandrogen withdrawal for at least 4
weeks, PSAprogressiondespite secondaryhormonalmanipu-
lations, and/or progression of osseous or soft-tissue lesions
[5].

Approximately 10%–20%of patientswith prostate cancer
develop mCRPC within 5 years of follow-up after initial ther-
apy.More than 80% of patients have bonemetastases at cas-

tration-resistant prostate cancer (CRPC) diagnosis [6]. The
process bywhich prostate cancer cells become castrate resis-
tant is unclear, but it is characterized byoverexpressionor hy-
peractivation of the androgen receptor (AR) despite castrate
levelsofandrogen.Mechanismsbywhich theAR remains ac-
tivated are varied and include amplification [7–10] or mu-
tation [11–13] of the AR gene, gene fusion [14, 15],
overexpression of coactivators [16, 17], cytokine signaling
[18, 19], crosstalkwith transcription factors [20], synthesisof
intracrine androgens by the tumor [21, 22], and constitutive
activation of splice variants [23–25]. In CRPC, tumor charac-
teristics such as morphology, immunophenotype, and geno-
type are typically heterogeneous both between patients and
within the same patient [26, 27].

Patients with mCRPC have a poor prognosis and are ex-
pected to surviveup to18–19months [28–30]. As thedisease
progresses, quality of life deteriorates and, until recently, few
treatmentoptionswereavailable. Severalnewtherapieshave
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shown an improvement in overall survival (OS) rates for pa-
tients withmCRPCwho have already received chemotherapy
with docetaxel [28, 29, 31, 32]. The impact of these new data
ondaily clinical practice, treatment sequencing, andbest care
for individual patients is not yet fully understood. A European
expertmeetingwasconvenedtodiscuss theeffectof these re-
cent data on treatment strategies in mCRPC. The results of
those discussions are summarized in this article.

CURRENTTREATMENTOPTIONS INMETASTATIC CRPC
First-Line Treatment
Between 2004 and 2010, when patients began to progress on
androgendeprivation therapy (ADT) despite castrate levels of
testosterone, chemotherapy with docetaxel plus prednisone
was the main option for treatment of mCRPC [33–35] (Table
1). However, some patients may never receive docetaxel due
to poor performance status, comorbidities, concerns about
tolerability, and in some cases patient preference [40, 41]. It
has been reported that around only 37% of patients received
chemotherapy and the remainder received best supportive
care [42, 43].

Sipuleucel-T is an autologous immunotherapy evaluated
in asymptomatic or minimally symptomatic patients with
mCRPC in the IdentificationofMenWithaGenetic Predisposi-
tion to Prostate Cancer (IMPACT) study. The study reported a
median survival of 25.8 months with sipuleucel-T compared
with 21.7 months for the control arm, and consequently, the
drugwas approved in 2010 by the U.S. Food and Drug Admin-
istration (FDA). Themost frequently reported adverse events
in the IMPACT study were chills, fever, and headache in the
sipuleucel-T arm [38]; however, after approval the FDA re-
questedapostmarketinganalysis toevaluate theriskof stroke
(NCT01306890) [44]. Furthermore, it has been speculated
that the survival difference reported in the IMPACT study
could reflect, at least in part, a detrimental effect of the con-

trol intervention rather thanabeneficial effect of sipuleucel-T
[45].Because thedrug isnotyetapproved inEurope,aphase II
open-label study of sipuleucel-T (NCT01477749) has begun to
assess whether the drug can be safely manufactured and ef-
fectively administered toEuropeanpatientswithmCRPC [46].
A course of three infusions of sipuleucel-T costs approxi-
mately $93,000and is approvedbyMedicare [47]; however, if
approved in Europe, the drugmay not bewidely reimbursed.

Second-Line Treatment
Cabazitaxel is a second-generation tubulin-binding taxane
indicated for patients who have previously received do-
cetaxel. In the TROPIC study, which enrolled 755 patients
with mCRPC, chemotherapy with cabazitaxel plus predni-
sone resulted in a median OS time of 15.1 months

compared with 12.7 months for patients receiving
mitoxantroneplus prednisone (hazard ratio [HR]: 0.70, 95%
confidence interval [CI]: 0.59 – 0.83; p � .0001) [29]. In
2011, abiraterone acetate was the first androgen biosyn-
thesis inhibitor to be approved for treatment of patients
with mCRPC who have progressed on or after treatment
with docetaxel. Abiraterone acetate is an oral drug that in-

It has been speculated that the survival difference
reported in the IMPACT study could reflect, at least in
part, a detrimental effect of the control intervention
rather than a beneficial effect of sipuleucel-T.
Becausethedrug isnotyetapproved inEurope,aphase
II open-label study of sipuleucel-T (NCT01477749) has
begun toassesswhether the drug can be safelymanu-
factured and effectively administered to European
patients withmCRPC.

Table 1. Summary of current treatment options formetastatic castration-resistant prostate cancer

Study Regimen and no. of patients Patient characteristics
Hazard
ratio

Survival time
(mo)

TAX 327 [33] Docetaxel plus prednisone every 3
weeks (n� 335), weekly (n� 334)
ormitoxantrone plus prednisone
(n� 337)

CRPC, chemotherapy naïve 0.76 18.9 vs. 16.5

COU-AA-302a [36, 37] Abiraterone acetate plus
prednisone (n� 546) vs. placebo
plus prednisone (n� 542)

CRPC, chemotherapy naïve, asymptomatic/
mildly symptomatic

0.79 35.3 vs. 30.1

IMPACTb [38] Sipuleucel-T (n� 341) vs. placebo
(n� 171)

CRPC, chemotherapy naïve, asymptomatic/
minimally symptomatic

0.78 25.8 vs. 21.7

TROPIC [29] Cabazitaxel plus prednisone (n�
378) vs. mitoxantrone plus
prednisone (n� 377)

CRPC, postdocetaxel 0.70 15.1 vs. 12.7

COU-AA-301 [30, 31] Abiraterone acetate plus
prednisone (n� 797) vs. placebo
plus prednisone (n� 398)

CRPC, postdocetaxel 0.74 15.8 vs. 11.2

AFFIRMb [28] Enzalutamide (n� 800) vs.
placebo (n� 399)

CRPC, postdocetaxel 0.63 18.4 vs. 13.6

ALSYMPCAa [32] Radium-223 (n� 614) vs. placebo
(n� 307)

CRPC, postdocetaxel or unfit for docetaxel 0.69 14.9 vs. 11.3

aNot yet approved in EuropeanUnion or U.S.
bNot yet approved in EuropeanUnion.
Abbreviation: CRPC, castration-resistant prostate cancer.
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hibits CYP17 and is given in combination with prednisone.
In the final analysis of the COU-AA-301 phase III study in-
volving 1,195 patients who had previously received treat-
ment with docetaxel, OS times were 15.8 months with
abiraterone acetate plus prednisone and 11.2 months for
placebo plus prednisone (HR: 0.74, 95% CI: 0.64–0.86; p �
.0001) [30, 31].

Bone-Targeting Agents
More than 90% of patients with CRPC have bone metasta-
ses [33]. Bone lesions are associated with elevated oste-
oclast activity that releases tumor-growth stimulating
factors from the bone. The cycle of bone destruction and
tumor growth continues, leading to skeletal-related events
(SREs) such as spinal cord compression, pathological frac-
ture, and the need for surgery or external beam radiother-
apy [48, 49]. Bone metastases are a major cause of death,
disability, and decreased quality of life; they also increase
the cost of treatment [50].

To date, zoledronic acid is the only bisphosphonate that
hasbeenshowntoreducebothpainandthenumberofSREs in
patients with CRPC and bonemetastases compared with pla-
cebo [51, 52]. Bisphosphonates are antiresorptive agents that
block pathological resorption by inhibiting osteoclast activa-
tion and function [53]. Denosumab is a monoclonal antibody
against the receptor activation of nuclear factor kappa-B li-
gand; it is licensed in theU.S. andEurope to treatmenat riskof
bone loss or fracture associated with hormonal therapy (age
�70 years with osteopenia or history of osteoporotic frac-
ture) [54]. In a recent study of 1,432 patientswithmCRPC, de-
nosumab significantly increased bone metastasis-free
survival by a median of 4.2 months compared with placebo
(median: 29.5 vs. 25.2 months; HR: 0.85, 95% CI: 0.73–0.98,
p � .028). In addition, denosumab also significantly delayed
the time to first bone metastasis (33.2 vs. 29.5 months; HR:
0.84, 95% CI: 0.71–0.98, p � .032) [55]. In a further phase III
study,median timeto firston-studySREwas20.7monthswith
denosumab comparedwith 17.1monthswith zoledronic acid
(HR:0.82, 95%CI: 0.71–0.95;p� .0002 fornoninferiority;p�
.008 for superiority) [56].

Radium-223 is a radiopharmaceutical that acts as a cal-
cium mimic, targeting new bone growth in and around bone
metastases via heavy alpha particles that have an ultrashort
range of less than 100�m. Itmay take only a single alpha par-
ticle to kill a cancer cell, and the short penetration results in
highly localized tumor-cell killingwithminimal damage to sur-
rounding healthy cells. In the updated analysis of the
ALSYMPCA study, which included 921 patientswith CRPC, the
median OS times were 14.9 months with radium-223 com-
pared with 11.3 months with placebo (HR: 0.695, 95% CI:
0.581–0.8732; p� .0001) [32]. Radium-223 also significantly
delayed median time to SREs: 15.6 months with radium-223
versus 9.8 months with placebo (p � .001; HR: 0.66; 95% CI:
0.52–0.83) [57].

Cabozantinib is another promising bone-targeting agent
that inhibits both vascular endothelial growth factor andmes-
enchymal-epithelial transition factor (MET) [58]. MET is up-
regulated in several tumors and has been shown to drive
invasiveandaggressive tumors leading tometastases [59,60].
MET-driven metastasis may be further stimulated by hypoxic
conditions in the tumor environment. Furthermore, MET ex-

pression has been associated with bone metastases [61]. In
phase II studies, cabozantinib (100 mg daily) was given to pa-
tientswhohadpreviously receiveddocetaxel for treatmentof
mCRPC; it was associatedwith high rates of bone scan resolu-
tion, pain relief, and overall disease control. However, PSA
changes were discordant and not consistent with other mea-
sures of tumor activity [61, 62]. Interim results were also re-
ported for 51 patients receiving cabozantinib at 40mg/ daily,
showing that the lower dose is also effective; magnetic reso-
nance imaging results confirmed the antitumor effect [63].

MAKINGTREATMENTDECISIONS IN THEMANAGEMENT OF
METASTATIC CRPC
There is a growing armamentariumof effective treatment op-
tions inmCRPC after docetaxel treatment [28–32]. The bene-
fit of these treatments must be carefully balanced with
tolerability and also cost. Because prostate cancer is a hetero-
geneousdisease, biomarkersmay identify thosemenwhowill
most benefit from specific therapies andmay help to identify
markers for early response or progression, thus optimizing
treatment outcomes [64].

Biomarkers are either prognostic, predictive, or surrogate
markers, or theymay have a combination of these character-
istics. A prognostic biomarker provides evidence for a pa-
tient’s potential outcome from a disease independent of
therapy, whereas predictive biomarkers estimate the likeli-
hood of response/benefit to a specific therapy [65, 66]. Most
biomarkers reported in mCRPC are prognostic rather than
predictive (reviewedbyArmstronget al. [64]). Although these
biomarkers are helpful, predictive and surrogate biomarkers
would be of greater benefit inmaking treatment decisions.

PSA is themost commonmarker used indaily clinical prac-
tice because it is easy to measure and has been used histori-
cally when monitoring patients receiving chemotherapy;
however, it is not a surrogatemarker for OS. PSA flare (an ini-
tial rise) after starting therapy happens in a minority of pa-
tients. Furthermore, some novel agents may not influence
PSA levels [61, 62, 67] and some subgroups of prostate cancer
do not produce PSA. For example, a very small subset of pa-
tientswith either lowPSA or undetectable PSAmay have ana-
plastic small cell tumors. In somecases, thismaybe inaddition
to adenocarcinoma and will require a change of treatment
(e.g., platinum-basedchemotherapy incombinationwithhor-
monal therapy) [68]. PSA doubling time (DT) is prognostic of
OS, and rapid PSA DT may indicate the need for aggressive
therapy [69]; however, to date, few studies include PSA kinet-
ics as a surrogate endpoint [70].

Urine N-telopeptide and bone alkaline phosphatase are
markers of bone turnover that have been linked to survival in
several data sets; they can be used to support interpretation
of bone scans when differentiating between bone flare and
bone progression [32, 62, 67, 71]. However, patients with vis-
ceral or nodediseasemayhavenormal levels of bonemarkers
[72, 73].

Enumerationof circulating tumor cells (CTCs) is aprognos-
tic biomarker that has been incorporated into recently de-
signed clinical studies to assess its suitability as a surrogate
marker (NCT01718353, NCT01347788) [74]. A recent study
assessed CTCs for AR expression—namely AR-on, AR-off, or
AR-mixed, which was a simultaneous expression of AR-in-
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duced and AR-suppressed markers; this technology may be
further developed to assess a patient’s sensitivity to endo-
crine therapy [75].

Elevated lactate dehydrogenase (LDH) levels can indicate
either extent of tumor burden or presence of an aggressive
phenotype [76]. Anemiamay be either disease- or treatment-
related andmay also be a result of a comorbidity, but it can be
easily monitored. It is a strong prognostic factor for PSA de-
cline following therapy with docetaxel, tumor response rate,
and OS in mCRPC. Disease-related anemia is also associated
with aggressive disease [76–78]. Lastly, C-reactive protein
(CRP) is a marker of systemic inflammation that may also be
prognostic of survival in patients previously treated with do-
cetaxel [79].

In daily clinical practice, the following markers are often
used to identify those patients who may have aggressive dis-
ease: short PSADT; increases in LDH, AP, CRP, and carcinoem-
bryonic antigen; and high Gleason scores (9/10). The number
of visceral metastases may also suggest aggressive disease
[80]; however, aspatients treatedwithnovel therapiesare liv-
ing longer,morepatientsmaybedevelopingvisceralmetasta-
ses. In addition, a short duration of response to docetaxel (or
ADT), rapid development of resistance to docetaxel, or rapid
clinical progression (often seen as an increase in pain or num-
ber of bone lesions) can all indicate an aggressive phenotype
[71, 80, 81].

When selecting which patient should receive which treat-
ment, it may also be important to consider the dynamic bio-
logical changes that havebeen suggested toevolveduring the
progression of CRPC [82]. Androgen dependence in prostate
cancer evolves through four states of the AR, as recently out-
linedbyNelson [83]. In the first state (endocrineandrogende-
pendence), the AR is stimulated by testicular testosterone,
whichallows thedisease tobeeffectively controlledby lutein-
izing hormone-releasing hormone agonists (castration-sensi-
tiveprostate cancer). In the secondstate (intracrineandrogen
dependence), theAR is activatedbyandrogensof intracellular
origin, which are synthesized either de novo or from adrenal
precursors. The CYP17 enzyme is crucially implicated in the
process, which is consistent with the effectiveness of CYP17
inhibitors, such as abiraterone, in patients with CRPC. Impor-
tantly, increased intracellular expression of CYP17 in biopsied
metastatic lesions in patients with CRPC who were treated
with abiraterone was associated with longer time on treat-
ment; itmayserveasa tool topredict sensitivity to this classof
agents [84].

Activation of the AR appears to be independent of li-
gand binding in the third state (ligand independence, AR
dependence), due to the expression of an AR splice variant
and crosstalk with other signal transduction pathways such
as HER2/neu, IL-6 and Src kinase. In the fourth state (andro-
gen independence and AR independence), AR signaling is
not responsible for neoplastic proliferation, so any AR-di-
rected treatment is likely to be ineffective. This model, de-
veloped to better understand the biology in the different
phases of CRPC, may also be used to help decide the best
therapeutic option and treatment combinations for pa-
tients [83].

PATIENTS PROGRESSINGAFTER
FIRST-LINE CHEMOTHERAPY
Docetaxel is currently the only therapy indicated for first-line
treatment of symptomatic mCRPC in Europe. To date, there
are no clinical data providing evidence on when to initiate
therapy and how best to sequence treatments following do-
cetaxel inmCRPC [40, 64, 85]. In Europe, budgetary consider-
ations are a major limiting factor affecting the sequence or
combination of drugs that can be offered to the patient. In
many cases, the budget available for treatmentwill vary from
country to country and fromregion to regionwithinonecoun-
try (seeBourke et al. [86] for a discussionof budgetary consid-
erations for endocrine therapy in the U.K.). Physicians not
only need to decide how best to sequence available treat-
ments, but also which tests to perform before and after
treatment to assess disease status, how to interpret test re-
sults, and how to use the results to guide management de-
cisions. The Prostate Cancer Clinical Trials Working Group
Two considered treatment outcomes as being twofold: The
first outcome is to control, relieve, or eliminate disease
manifestations present at the beginning of treatment, and
the second is to prevent or delay future manifestations of
the disease [71, 87].

Treatment is rarely initiated, stopped, or switched on the
basis of increases in PSA alone; however, any clinically rele-
vant change inparameters, such as PSAkinetics (e.g., PSADT),
presence of pain, increase or change in the pattern of metas-
tases, and deterioration in disease-related performance sta-
tus can be indicators for treatment initiation or change of
regimen [88]. Monitoring individual outcomes of the disease
(e.g., PSA, pain, and metastases) requires careful interpreta-
tion as the significance of a change in a singlemeasure differs
depending on the mode of action of drug being prescribed.
This approach ensures that the drug is given sufficient time to
affect the disease without discontinuing treatment prema-
turely [87].

Following first-line treatment with docetaxel, patients may
receive furtherchemotherapywithdocetaxel rechallenge if they

Figure 1. Treatment algorithm for patients withmetastatic cas-
tration-resistant prostate cancerwho relapse after 6–8 cycles of
docetaxel. Asterisks indicate treatment options that are affected
by funding and availability in some countries.

Abbreviations: mCRPC, metastatic castration-resistant pros-
tate cancer; PSA DT, prostate-specific antigen doubling time.
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respondedwell to first-line therapy (providing they have a good
performance status and a good life expectancy [40, 89–91]),
cabazitaxel or abiraterone acetate; however, to date there
are no clear guidelines indicating which treatment should
be prescribed first or which patients would respond best to
thedifferent treatment options. Figure 1provides an exam-
ple of the algorithm of factors that might be considered
when deciding how to treat a patient with mCRPC who has
progressed following 6–8 cycles of docetaxel.

As more novel agents become available, appropriate se-
quencing of therapies will provide greater benefit for patients if
there are validated biomarkers to best selectwhich patientswill

respond best to which drug. Beyond 2013, the number of treat-
mentsavailableislikelytoincrease[92]andsometreatmentoptions
arelikelytobeusedearlier inthetreatmentpathway(Fig.2).

RECOMMENDATIONS IN THETREATMENT OF FRAIL OR
ELDERLY PATIENTS
Elderly patients areoften treatedon thebasis of age rather than
fitness. In a survey of U.K. oncologists, patients of advanced age
were considered ineligible for treatment with chemotherapy
[40]. The life expectancyofolderpatients is oftenunderestimated.
Therefore,manyolderpatientswhoaremore likely tobe—butare
notnecessarily—vulnerableorfrailareundertreated.

Figure 2. Current and possible future sequencing of drugs in castration-resistant prostate cancer in Europe.
Abbreviations:GNRH, gonadotropin-releasinghormone; LHRH, luteinizinghormone-releasinghormone;mCRPC,metastatic castra-

tion-resistant prostate cancer.

Figure3. Treatmentalgorithmforoldermenwithmetastaticcastration-resistantprostatecancer (�70yearsofage).Adaptedfrom[93]
with permission to include novel treatment options.*

Abbreviations: CSIR-G, Cumulative Scoring Index Rating–Geriatrics; IADL, Instrumental Activities of Independent Daily Living.
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Fit and healthy older men should be treated with the same
treatment as younger men [93]. Ideally, older patients (�70
yearsofage)wouldbetreatedonthebasisoftheirabilityto inde-
pendently engagewith life and their level of fitness. The Interna-
tional Society of Geriatric Oncology provides clear guidelines on
howto treat olderpatients, assessing themon thebasis of those
who are fit, unfit, or vulnerable (have comorbidities or other
complications for treatment; Fig. 3) [93]. Generally, comorbidi-
tiesare lessofan issue forpatients in thepostchemotherapyset-
ting compared with the prechemotherapy setting because the
symptoms associated with mCRPC generally outweigh the co-
morbidities.Furthermore, if thepatient is fit, systemictreatment
maybe thebest formofpalliation [28, 29, 31, 35, 94, 95].

EMERGINGTREATMENTOPTIONS
Numerous new treatment options are currently being devel-
oped for the treatmentofmCRPC inphase III studies (Table 2).
Twophase III studieshavereported improvements inOS in the
postdocetaxel setting and are being reviewed by the regula-
tory authorities. Enzalutamide is an oral AR signaling inhibitor
thatwas assessed in 1,199 patientswith CRPCwhopreviously
received docetaxel. The median OS time for patients who re-
ceived enzalutamide was 18.4 months compared with 13.6
months for those patients receiving the placebo (HR: 0.631,
95%CI: 0.529–0.752;p� .0001) [28]. Thedrugwas approved
by the FDA and is currently being reviewed by the European
Medicines Agency.

Abiraterone acetate plus prednisone has also been inves-
tigated earlier in the treatment pathway. In the COU-AA-302
study, abiraterone acetate plus prednisone was given to
asymptomatic or mildly symptomatic chemotherapy-naïve
patients with mCRPC. Results from the updated interim anal-
ysis indicated a significant improvement in radiographic pro-

gression-free survival in the abiraterone acetate plus
prednisone arm compared with the placebo plus prednisone
arm(8.3months forplaceboplusprednisoneand16.5months
for abiraterone acetate plus prednisone; HR: 0.53, 95% CI:
0.45–0.62; p� .0001).MedianOS timeswere 35.3months in
the abiraterone acetate arm and 30.1 months in the control
arm, but the prespecified level of significance was not yet
reached[36,37].Abirateroneacetateplusprednisonewasap-
proved by the FDA for treatment of menwithmCRPC prior to
receiving chemotherapy in December 2012. In contrast to Eu-
rope, abiraterone acetate plus prednisonemay now be given
earlier in thediseaseandenzalutamide is alsoavailable forpa-
tients after docetaxel as an alternative to cabazitaxel in the
U.S.

Manymore drugs are currently being investigated in phase
I/II studies of CRPC including tyrosine kinase inhibitors (sunitinib
[96], sorafinib [97]), estrogens [98, 99], antisense molecules
(OGX-011 [99]), immunotherapies (Biosante Pharmaceuticals,
USA[101],BavarianNordic,Denmark [102]), a selective inhibitor
ofCYP17(orteronel [103]),novelantiandrogens (ARN-509[104],
ODM-201 [105]), antiangiogenesis agents (lenalidomide [106–
108]),andepothilones[109]. Inaddition,Srckinase inhibitorsare
being investigated for mCRPC; however, when dasatanib was

Thenegative result from theREADY study adds to the
growing list of drugs that have failed to report an OS
benefit. Difficulty in translating activity of new drugs
observed in phase I and II studies into an improve-
ment inOS in phase III studiesmay reflect thehetero-
geneity of the disease.

Table 2. Summary of ongoing phase III clinical studies of novel agents formetastatic castration-resistant prostate cancer

Drug Mechanism Phase III studies

Enzalutamide (MDV3100) New generation antiandrogen NCT00974311

NCT01212991

Orteronel (TAK-700) CYP17 inhibitor NCT01193257

NCT01193244

Prostate cancer vaccine (Bavarian
Nordic, Denmark)

PSA-targeted immunotherapy NCT01322490

Radium-223 Alpha-emitting radiopharmaceutical NCT00699751

Early-access programs:
NCT01618370

NCT01516762

Custirsen (OGX-011) Anticlusterin agent NCT01578655

NCT01083615

NCT01188187

Tasquinimod (S100A9) Acts onmyeloid-derived suppressor cells NCT01513733

NCT01234311

Ipilimumab Monoclonal antibody, anti-CTLA4 NCT01057810

Cabozantinib Inhibitor ofmultiple kinase signaling pathways, including
c-MET and VEG-FR2

NCT01605227

NCT01522443

NCT00861614

Abbreviation: PSA, prostate-specific antigen.
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addedtodocetaxel inthephaseIIIREADYstudy,noimprovement
inOSwasobserved [110].

The negative result from the READY study adds to the
growing list of drugs that have failed to report an OS benefit
[111–114]. Difficulty in translating activity of new drugs ob-
served in phase I and II studies into an improvement in OS in
phase III studiesmay reflect the heterogeneity of the disease.
However, study design also requires careful consideration.
Somenewdrugs do not target the androgenic axis; therefore,
to accurately assess efficacy, study endpointsmust reflect the
target of the drug. For example, with bone-targeting drugs
such as cabozantinib and immunotherapies such as sipuleu-
cel-T, PSA is not an accuratemarker [55, 62, 67, 115], butwith
hormonal therapies, there is a clear PSA response [28, 30, 31,
36] in responding patients. In addition, changes in PSA might
not be consistent with other markers of response/progres-
sion. For example, in the COU-AA-301 study, time to PSA pro-
gression was 8.5 months, whereas time to radiographic
progression was 5.6 months in the abiraterone acetate plus
prednisone treatment arm [30].

It is possible to select study endpoints that are specific to
drugactivity and includebiomarkers in studyprotocols tobet-
ter understandpatient outcomes.As there is nouniversal def-
inition of progression, protocols to assess progression must
also be reliable, consistent, and feasible for inclusion in large
randomized controlled phase III studies to ensure that there
are no interlaboratory or intercenter effects that may con-
found results. In a phase III study of atrasentan, there was a
difference in the time todiseaseprogressionbetween thepla-
cebo and atrasentan treatment arms reported by U.S. and
non-U.S. sites (U.S. sites: 590 days with atrasentan vs. 671
days with placebo, HR: 1.15, 95% CI: 0.86–1.54, p� .17; non-
U.S. sites: 847dayswith atrasentan vs. 667dayswith placebo,
HR: 0.80, 95% CI: 0.63–1.00, p� .02) [114]. Ensuring that pa-
tients receive on-study treatment long enough for efficacy to
be determined by using clear protocols (e.g., parameters to
distinguish bone flare fromboneprogression) is also essential
for successful clinical studies [78].

SUMMARY
Therearemanyexcitingdevelopments,both recentandantic-
ipated, in the treatment of mCRPC in the postdocetaxel set-
ting. An increased understanding of the mechanisms behind
the development of CRPC has led to the development of sev-
eral new targeted agents that have improved treatment out-

comes for patients. However, mCRPC remains a chronic
disease with poor expected survival. We have yet to deter-
mine inwhich sequence tousenovel agents andhow to select
the patients most likely to respond well. Because of pending
approval from regulatory authorities and budgetary con-
straints, physicians practicing in Europe have fewer drugs
available for sequencing or combining treatments than their
U.S. colleagues. It is hoped that future studies will identify
markers and thebest assessment tools fornovel agents to fur-
ther improve both survival and quality of life of patients with
mCRPC.
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