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 Review

Introduction

Prostate cancer is the most common malignancy in men, 
accounting for 241 740 estimated new cases in the United States 
in 2012.1 Its mortality is relatively low, with 28 170 estimated 
deaths due to prostate carcinoma in the same time; even so, it is 
the second cause of cancer death among men, above other tumors 
such as colorectal or pancreatic cancer. Almost all of these deaths 
occur in patients with castration-resistant prostate carcinoma 
(CRPC), in whom disease has progressed despite castrate levels 
of testosterone, and after several hormonal therapies.

Estimated prostate cancer incidence rates are higher in 
developed countries,2 with 72% of the cases and 53% of the 
deaths (all regions of Europe plus North America, Australia/
New Zealand, and Japan). Lowest incidence rates are seen in 
south central Asia, northern Africa and eastern Asia, with an age 
standardized ratio per 100 000 habitants (ASR) between 4 and 
8. On the other hand, Australia/New Zealand area shows an 
ASR of 105, and North America also has one the highest ASR, 

of 85. In contrast, mortality is higher in the Caribbean (ASR 
26.3), southern Africa (19.3) and western Africa (18,3), while it 
is lower in North America (ASR 9.9) and some areas of eastern 
and central Asia (ASR between 2 and 3). In most of these areas, 
prostate cancer incidence rates are rising over the past 10 years 
of observation, but mainly in less resourced countries. These 
countries also tend to show stable or rising mortality trends, 
compared with the highest income regions, where mortality is 
getting lower.3

CRPC, according to the European consensus and the Prostate 
Cancer Working Group-2 (PCWG2), is defined by the follow-
ing criteria: castrate serum levels of testosterone (<50 ng/ml); 
three consecutive rises of prostatespecific antigen (PSA), 1 week 
apart, resulting in two 50% increases over the nadir; antiandro-
gen withdrawal for at least 4 weeks for flutamide and for at least 
6 weeks for bicalutamide; PSA progression despite consecutive 
hormonal manipulations; and progression or appearance of 2 or 
more bone lesions in bone scintigraphy, or in soft tissue following 
Response Evaluation Criteria in Solid Tumors (RECIST) crite-
ria, or nodes >2 cm in diameter.4

In this setting of metastatic CRPC (mCRPC), chemother-
apy is a treatment option. This is mainly based in the TAX 327 
study,5,6 a phase III trial that demonstrated an improvement in 
overall survival (OS) and quality of life (QoL) in patients with 
CRPC when they were treated with every-3-week docetaxel and 
daily prednisone compared with weekly docetaxel or mitoxan-
trone (OS 19.2 vs. 17.8 vs. 16.3 mo, P < 0.004). A similar trial, 
comparing docetaxel and estramustine vs. mitoxantrone and 
prednisone,7 also favored the docetaxel arm, with superior PFS 
(6.3 vs 3.2 mo, P < 0.001) and OS (17.5 vs 15.6 mo, P = 0.02). 
These results supported the use of docetaxel-based chemotherapy 
as first-line therapy for patients with mCRPC.

After progression to docetaxel, therapeutic options were scarce 
until 2010, when cabazitaxel and abiraterone showed improve-
ments in OS in the post-docetaxel setting.

Cabazitaxel8 is a novel tubulin-binding taxane that proved 
superiority over mitoxantrone, both in combination with pred-
nisone, with better OS (15.1 vs 12.7 mo, P < 0.0001), better pro-
gression-free survival (PFS) (2.8 vs 1.4 mo, P < 0.0001) and better 
PSA response rate (39.2 vs 17.8%, P = 0.0002). Main toxicities 
associated with cabazitaxel were neutropenia (82% grade ≥ 3), 
febrile neutropenia (8%), and anemia (11% grade ≥ 3). Thus, 
cabazitaxel was approved by the Food and Drug Administration 

Correspondence to: Álvaro Pinto; Email: alvaropintomarin@gmail.com
Submitted: 04/28/2013; Revised: 09/10/2013; Accepted: 10/06/2013
http://dx.doi.org/10.4161/cbt.26724

Beyond abiraterone
New hormonal therapies for metastatic 

castration-resistant prostate cancer
Álvaro Pinto

Medical Oncology Department; University Hospital La Paz; IdiPAZ; Madrid, Spain

Keywords: castration-resistant prostate cancer, abiraterone, enzalutamide, ARN-509, orteronel, TAK-700, galeterone, ODM-201

Prostate cancer is a heterogeneous disease where the pre-
vious concept of “hormone resistance” has been changed by a 
new generation of hormonal therapies that have proven effi-
cacy in the castration-resistant setting. The fact is that andro-
gens play a crucial role in the whole clinical course of prostate 
cancer, even when a patient meets castration-resistance crite-
ria. The development of abiraterone showed how important 
and clinically meaningful can be to achieve the lowest possible 
levels of testosterone, and androgen receptor overexpres-
sion, mutation, or enhanced crosstalk with other pathways, 
which can also be targeted with new agents tested in the last 
few years. New androgen biosynthesis inhibitors have been 
developed, such as orteronel (TAK-700), but also new antian-
drogens (enzalutamide, ARN-509, ODM-201) or even agents 
with a dual mechanism of action (galeterone). In this review 
the development of new hormonal therapies following the 
arrival of abiraterone for the treatment of prostate cancer will 
be summarized.

Review
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(FDA) and the European Medicines Agency (EMA) for the treat-
ment of mCPRC that had progressed after docetaxel therapy.

On the other hand, abiraterone is a novel inhibitor of androgen 
biosynthesis that has also been tested in this setting. In the phase 
III trial COU-AA-301, published in 2011,9 abiraterone plus pred-
nisone compared with placebo plus prednisone demonstrated a 
superior OS (14.8 vs 10.9 mo, P < 0.001), PFS (5.6 vs 3.6 mo, 
P < 0.001) and PSA response rate (29% vs 6%, P < 0.001). Time 
to first skeletal related event (SRE) was significantly longer with 
abiraterone, and the rate of pain palliation was also higher. Side 
effects of abiraterone were comparable to the placebo arm, being 
more common in the abiraterone group fluid retention and 
edema (31% all grades, < 3% grade ≥ 3) and hypokalemia (17% 
all grades, < 4% grade ≥ 3). Updated results published in 2012 
have confirmed this data.10

The clinical development of abiraterone has already moved to 
the pre-chemotherapy setting: results of the COU-AA-302 trial 
were published at the beginning of 2013.11 In this trial, patients 
with mCRPC that were asymptomatic or mildly symptomatic, 
and chemotherapy-naïve, were randomized to abiraterone or 
placebo. There was a significant improvement in radiologic 
PFS (NR vs 8.3 mo, P < 0.0001), and a clear trend toward OS 
improvement (NR vs 27.2 mo, P = 0.0097). Secondary end-
points such as time to chemotherapy initiation, time to opioid 
use for cancer-related pain, time to ECOG-PS deterioration 
and time to PSA progression, also favored the abiraterone arm. 
Updated results from the 2013 ASCO meeting were consistent 
with this,12 with superiority of the abiraterone arm for radiologic 
PFS (16.5 vs 8.2 mo, P < 0.0001) and OS (35.3 vs 30.1 mo, 
P = 0.0151)

The emergence of abiraterone has somehow changed the par-
adigm of the treatment of prostate cancer, as it was assumed that 
the initiation of chemotherapy was in part because the disease 
had become “hormone-resistant”. But it has been demonstrated 
that the androgen receptor (AR) pathway still drives tumor pro-
gression in a wide majority of patients,13-15 even after progression 

to chemotherapy. Tumors can grow despite castration levels of 
testosterone through a wide variety of mechanisms: upregula-
tion of androgen synthesis, mostly in a paracrine–autocrine 
manner,16,17 mutations affecting the androgen receptor and its 
downstream pathway,18-20 and enhanced crosstalk with other 
pathways,21,22 among others. These pathways are described in 
Figure 1.

In this review, I will briefly summarize the basis of prostate 
cancer molecular biology, as well as the new hormonal therapies 
targeting the androgen-related pathways that have been devel-
oped in the last few years, apart from abiraterone.

Basis of Prostate Cancer Molecular Biology

There are many mechanisms involved in prostate cancer ini-
tiation and progression. Throughout prostate development and 
maturation, genes such as NKX3.1, FOXA1, and AR function 
mediate gland formation and cellular differentiation.23 Aberrant 
activation of these and other pathways can promote hyperplasic 
proliferation and/or progression of prostate carcinoma.

NKX3.1 is one of the earliest and more maintained pros-
tate-sp.ecific proteins at prostate differentiation. Although its 
mutations are relevant for disease occurrence and progression, 
NKX3.1 is not usually considered as a tumor suppressor gene 
since loss is not sufficient for tumorigenesis and it is still sig-
nificantly expressed in aggressive prostate carcinoma.24 NKX3.1 
loss, together with MYC overexpression, also promotes tumori-
genesis in murine models;25 therefore, it is considered to have a 
crucial role in the initial stages of prostate cancer.

AR receptor activation plays a crucial role in the progression of 
prostate cancer, even in the CRPC stage. There are many differ-
ent mechanisms to reactivate the AR, which will not be analyzed 
deeply as it is not the purpose of this review. The most common one 
is AR amplification/overexpression, being seen almost exclusively 
in tumors that recur after androgen deprivation therapy (ADT); 
this leads to more sensitivity to lower levels of androgens, and 
overrides the action of AR antagonists, such as bicalutamide.26,27 
AR somatic mutations are not usually present at initial stages of 
the disease, as they represent a mechanism of resistance to ADT. 
Most of them are gain-of-function mutations, and recent stud-
ies with whole genome sequencing have shown that are almost 
universal in CRPC samples.28 Constitutively active splice vari-
ants of the AR have also been correlated with progression to the 
stage of CRPC.29 Also, several post-translational modifications 
(PTMs) of the AR influence its activity, structure and stability; 
the majority of them result in AR activation and are selected for 
during progression to CRPC.30 Nevertheless, most PTMs have 
not been studied in a clinical context, and it is unclear whether 
they have clinical utility. An alternative mechanism to reactivate 
AR in the absence of circulating androgens is the intratumoral 
synthesis of androgens.31

FOXA1 is a transcription factor that facilitates AR binding to 
chromatine. It appears to both inhibit and promote AR binding 
to regulate transcriptional programs.32 FOXA1 elevation in pri-
mary prostate cancer independently predicts for shorter time to 
death33 and is highly expressed in CRPC metastases.34

Figure 1. Summarized view of androgen receptor cross-talk with other 
pathways. AR, androgen receptor; TyrK, tyrosine-kinase receptor; IL-6R, 
interleukin-6 receptor.
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As with many other tumoral types, several oncogenes and 
tumor suppressor genes have been linked to prostate cancer ini-
tiation and progression. One of the most studied ones in prostate 
cancer is Myc, a proto-oncogene that acts as a transcription factor, 
regulating a wide range of cellular processes. Myc amplification 
is detected in about 30% of prostate carcinomas, and by itself can 
promote tumor initation;35 moreover, Myc amplification is more 
common in metastatic cancer compared with primary tumors, 
and its levels are correlated with tumor progression.36 Despite 
these data, Myc is considered nowadays “undruggable”, that is, 
cannot be targeted pharmacologically.

Recently, a fusion between the 5′-untranslated region of 
transmembrane protease serine-2 (TMPRSS2), and androgen 
regulated gene, and the 3′-exon of ERG, an erythroblast trans-
formation-specific (ETS) transcription factor family member, 
was discovered;37 this fusion gene was initially considered to be 
involved in the initial stages of prostate carcinoma. However, sev-
eral in vitro experiments seem to link this gene to the development 
of invasiveness and metastasis.38 Overall, approximately 50% of 
primary or metastatic tumors have a variant of this fusion; its 
presence has been correlated with a more aggressive phenotype 
in prostate cancer patients.39 Some other alterations, such as loss 
of phosphatase and tensin homolog (PTEN), mutations in phos-
phatidil-inosytol-3-kinase (PI3K) pathway, or malfunction of the 
retinobalstoma (Rb) gene, among others, have also been analyzed 
in prostate cancer, with very promising results.

These mechanisms of tumor initiation and progression are 
summarized in Figure 2.

Enzalutamide (MDV3100)

Enzalutamide is a novel AR antagonist that has a triple mech-
anism of action. First, it has a much stronger affinity for the AR 
than other AR antagonists; second, inhibits AR nuclear translo-
cation; and third, impairs AR binding to DNA and coactivator 
recruitment. In contrast to bicalutamide, MDV3100 is an AR 
pure antagonist, with no detectable agonist activity in cell lines 
that overexpress AR.40,41

A phase I–II study with MDV3100 conducted in 140 patients 
was published in 2010.42 Patients with progressive, metastatic, 
castration-resistant prostate cancer were enrolled in dose-escala-
tion cohorts, from 30 mg to 600 mg. The primary objective was 
to identify the safety and tolerability profile of MDV3100 and to 
establish the maximum tolerated dose. Of the 140 patients, only 
7 patients had a rising PSA as the only evidence of progression, 
with no detectable metastases; 78% of patients had bone metas-
tases, and 9% of patients had visceral disease. Forty-six percent of 
patients were chemotherapy-naïve, 21% of patients had received 
four or more lines of hormonal treatment, and 45% of patients 
had been treated with ketoconazole.

After administration of one dose, the drug was absorbed rap-
idly, and time to maximum concentration was between 30 min 
and 4 h; the half-life was about one week. The maximum toler-
ated dose for sustained treatment (more than 28 d) was 240 mg. 
Median time on study drug was 21 weeks, with 70% of patients 
having discontinued treatment, mainly because of radiological 

progression (34%), PSA progression (12%), and clinical dis-
ease progression (11%). Toxicities with MDV3100 were gener-
ally mild, with fatigue being the only grade 3 or higher toxicity 
reported (11% of patients), and only at doses of 240 mg or higher.

Antitumor activity was seen at all dosage groups, with declines 
of PSA ≥50% in 56% of patients. The extent and proportion of 
PSA decrease was dose-dependent up to the dosage cohort of 150 
mg, with no obvious additional benefit for increased dose. There 
were also confirmed responses in soft tissue (22%) and stabiliza-
tions in bone disease (56%). Median time to progression was 46 
weeks for radiological progression (not reached for chemother-
apy-naïve patients, and 29 weeks for patients with previous che-
motherapy exposure). These encouraging data led to the design 
of a phase III trial.

The phase III randomized double-blind trial, named AFFIRM 
(A Study Evaluating the Efficacy and Safety of the Investigational 
Drug MDV3100), was conducted in patients with mCRPC that 
had been previously treated with one or two chemotherapy regi-
mens, at least one of which contained docetaxel, and has been 
published in 2012.43 A total of 1199 patients were included from 
September 2009 to November 2010, being randomized in a 2:1 
ratio to enzalutamide 160 mg (orally once daily as four 40 mg 
capsules) or placebo. The use of prednisone or other glucocor-
ticoids was permitted but not required, and the study drug was 
given without regard to food intake. Primary endpoint was OS, 
and secondary endpoints included radiographic PFS, measures of 
response (in the PSA level, in soft tissue, and in QoL scores), time 
to PSA progression and time to first SRE.

The study was stopped after a planned interim analysis at 
the time of 520 deaths, showing a median overall survival of 
18.4 mo for the enzalutamide group, compared with 13.6 mo 
in the placebo group (HR 0.63, P < 0.001). The overall sur-
vival benefit was maintained across all subgroups (regardless of 
age, pain intensity, geographic region, and type of progression at 
entry), and was consistent after adjustment for stratification fac-
tors and prognostic factors. On the basis of these results, an inde-
pendent data and safety monitoring committee recommended 
that the study be halted and unblinded, with eligible patients 

Figure 2. Mechanisms involved on prostate carcinoma initation and pro-
gression. AR, androgen receptor; PTMs, posttranslational modifications.
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in the placebo group offered treatment with enzalutamide. 
The superiority of enzalutamide over placebo was shown for 
all secondary endpoints: PSA level response rate (54% vs 2%, 
P < 0.001), soft-tissue response rate (29% vs 4%, P < 0.001), 
FACT-P QoL response (43% vs 18%, P < 0.001), time to PSA 
progression (8.3 vs 3 mo, P < 0.001), radiographic PFS (8.3 vs 
2.9 mo, P < 0.001), and time to first SRE (16.7 vs 13.3 mo, 
P < 0.001). Some recently published data have also shown a clear 
benefit in health-related quality of life terms for patients taking 
enzalutamide vs. placebo.44

Safety data showed a similar rate of adverse events for the two 
groups, with the enzalutamide group having a lower incidence of 
adverse events of grade 3 or above (45.3% vs 53.1% in the pla-
cebo group). There was a higher incidence of all grades of fatigue, 
diarrhea, hot flashes, musculoskeletal pain and headache in the 
enzalutamide group. Seizures were reported in 5 of 800 patients 
(0.6%) receiving enzalutamide, several of whom had predispos-
ing conditions or concomitant treatments; seizures were already 
seen in the phase I–II trial at doses of 360 mg or higher, and 
caution should be used in administering enzalutamide to patients 
with previous history of seizures or other predisposing conditions. 
The results of this trial have granted enzalutamide FDA approval 
on 31 August 2012 for the treatment of mCRPC patients previ-
ously treated with docetaxel.

The development of enzalutamide has already moved to the 
pre-chemotherapy setting. A phase III randomized, double-blind, 
placebo controlled trial, named PREVAIL (A Safety and Efficacy 
Study of Oral MDV3100 in Chemotherapy-Naïve Patients with 
Progressive Metastatic Prostate Cancer, NCT01212991), is being 
conducted in patients with mCRPC before chemotherapy, and 
recruitment was completed in June 2012 with 1680 patients, 
with results still pending. First interim analysis is expected for 
late 2013.

One of the main potential advantages of enzalutamide is that 
concomitant administration of corticosteroids is not mandatory. 
In the AFFIRM trial, patients were allowed but not required to 
take corticosteroids. Nevertheless, approximately 30% of the 
patients received corticosteroids at baseline and 48% were initi-
ated on steroid therapy during the trial. In a recently presented 
post-hoc analysis of the AFFIRM trial, on-study corticosteroid 
use was associated with reduced OS and higher rates of grade 3–4 
adverse events.45 This may be explained by the fact that patients 
with more advanced disease have more disease related-symptoms 
that may require steroid therapy; but we should also consider that 
corticosteroids may induce aberrant androgen receptors through 
promiscuous binding to the AR, inducing a more rapid disease 
progression.46 Importantly, the positive effect of enzalutamide 
was confirmed regardless of whether or not steroids were also 
co-administered.

There are several clinical trials with enzalutamide. Some of 
them are testing it in earlier stages of the disease; for example, 
one is testing enzalutamide monotherapy in hormone-naïve pros-
tate cancer patients (NCT01302041). First results were seen at 
the ASCO 2013 Annual Meeting,47 showing a PSA response at 
week 25 of 93%, and a median PSA decrease of −99.6%, with 
similar efficacy to castration. Some other trials are testing the 

combination of enzalutamide with abiraterone in mCRPC 
patients (NCT01650194), or with immunotherapy in non-
metastatic CRPC (NCT01875250), but definitive results are still 
unpublished.

ARN-509

ARN-509 is a new antiandrogen, a competitive inhibitor of 
AR that is fully antagonistic to AR overexpression, which is a 
very common feature in CRPC. This new agent binds AR and 
inhibits growth and androgen-mediated gene transcription in 
AR overexpressing prostate cancer cells, but also impairs nuclear 
localization of AR and DNA binding, and therefore it has 
shown a potent inhibition of tumor growth in murine xenograft 
models of CRPC. A maximal therapeutic effect was observed 
at 30 mg/kg/day, compared with 100 mg/kg/day with enzalu-
tamide.48 Besides that, it seems to penetrate less effectively the 
blood-brain barrier than enzalutamide in this mouse model, sug-
gesting that the chance of developing seizures may be less than 
with enzalutamide.49

Data from a phase I–II trial with ARN-509 (NCT01171898) 
were presented at the ASCO Genitourinary Cancer Symposium 
2012.50 In the phase I part of the study, 24 patients were enrolled, 
receiving an orally dose of ARN-509 on a continuous daily dos-
ing schedule, and testing seven different doses. The most com-
mon treatment-related grade 1–2 adverse events were fatigue 
(38%), nausea (29%), and pain (24%), with only one grade 3 
event (abdominal pain) at the dose of 300 mg, possibly related to 
a higher pill burden, that was not seen in the other three patients 
with this dosing schedule. Pharmacokinetic was shown to be lin-
ear and dose-dependent, and 240 mg was the selected dose for 
the phase II part of the study. Fifty-five percent of patients had 
≥50% PSA declines, showing promising activity.

The phase II trial included three different cohorts:51 non-
metastatic treatment-naïve CRPC patients, mCRPC treatment-
naïve patients, and mCRPC patients pre-treated with abiraterone. 
Primary endpoint was PSA response rate at 12 weeks. A total 
of 46 patients with mCRPC were enrolled: 25 treatment-naïve 
and 21 post-abiraterone. At 12 weeks, the PSA response was 
88% (treatment-naïve) and 29% (post-abiraterone). The most 
common treatment related adverse events were fatigue (30%), 
abdominal pain (24%), nausea (22%), and diarrhea (17%). In 
the non-metastatic CRPC population,52 47 patients were enrolled 
between November 2011 and May 2012, with a 12-week response 
of 91%. Time to PSA progression has not been reached. Adverse 
events were similar to previous studies.

Orteronel (TAK-700)

Orteronel (TAK-700) is a novel oral, selective, reversible, non-
steroidal androgen synthesis inhibitor of the 17.20 lyase activ-
ity, one of the two enzymatic reactions catalyzed by CYP17.53 
This agent, as it does not inhibit the 17-α-hydroxylase activity 
of CYP17, is less likely to require corticosteroid replacement, an 
important advantage due to the drawbacks associated with long-
term corticosteroid use.54
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Preliminary phase I–II data were presented at the ASCO 
Genitourinary Cancer Symposium 2012.55 A total of 97 patients 
with mCRPC received orteronel at different doses (300 mg twice 
a day, 400 mg twice a day, 600 mg twice a day, or 600 mg daily), 
and with or without prednisone. Most common adverse events 
were fatigue (76%), nausea (47%), and constipation (38%), with 
grade ≥ 3 fatigue in 12% of the patients, and hypokalemia grade 
≥ 3 in 8% of the patients. PSA response rates (≥50% decrease) 
were seen in approximately 50% of patients, with no clear rela-
tionship with dose ≥ 300 mg or with the addition of predni-
sone. Of 51 RECIST-evaluable patients, 10 had partial responses, 
22 stable disease, and 15 progressive disease.

Another phase II trial (NCT01046916) was presented at 
the ASCO 2012 Annual Meeting.56 It enrolled 39 patients 
with non-metastatic CRPC, with only PSA progression, but 
without evidence of metastatic disease. Orteronel was given at 
a dose of 300 mg twice a day, without concomitant corticoids. 
PSA responses were seen in 78% of the patients, with a PFS of 
14.8  mo. Main grade 3–4 toxicities were hypertension (14%), 
dyspnea (8%), and pneumonitis (7%).

Due to these results, phase III trials with orteronel have 
been designed, one in docetaxel-resistant mCRPC patients 
(NCT01193257), and another one in chemotherapy-naïve 
mCRPC patients (NCT01193244). Both have completed accrual, 
but the trial in the post-chemotherapy setting has been recently 
unblinded because of an interim analysis that indicated the study 
would likely not meet the primary endpoint of overall survival.

Orteronel is also being tested in earlier stages of prostate can-
cer. There is a phase III trial recruiting mCRPC treatment-naïve 
patients, comparing luteinizing hormone-releasing hormone 
(LHRH) agonists with bicalutamide vs. LHRH agonists with 
orteronel (NCT01809691).

Galeterone (TOK-001)

Galeterone (TOK-001) is a selective inhibitor of 
17-α-hydroxylase and 17.20-lyase activity, but also downregu-
lates AR expression, competitively inhibits androgen binding, 
and impairs AR translocation to the nucleus.57 The prelimi-
nary results of an open-label, multicenter dose-finding phase  I 
study were presented at the ASCO 2012 Annual Meeting.58 
Chemotherapy-naïve CRPC patients were enrolled in dose 
cohorts from 650 to 2600 mg of galeterone daily for 12 weeks. 
Thirty-six of 49 patients completed 12 weeks of treatment, being 
toxicity (6 patients) and progression (5 patients) the most com-
mon reasons for discontinuation. Maximum tolerated dose was 
not reached, with no trend for increasing toxicity with dose 
escalation. There were 8% of grade 3 adverse events, and 1% of 
grade 4 adverse events. 22% of patients demonstrated >50% PSA 
decline, and 26% had 30–50% declines. A 2-part, phase II trial 
of galeterone is currently recruiting participants (ARMOR2 trial, 
NCT01709734).

Recent data have shown that, compared with other novel 
hormonal therapies, galeterone seems to be the most potent and 
selective CYP17 lyase inhibitor, while abiraterone most selectively 

inhibited CYP 17 hydroxylase activity.59 Galeterone produced 
minimal changes in cortisol levels and other intermediate pre-
cursors; in contrast, abiraterone increased significantly the levels 
of progresterone, and abiraterone and orteronel decreased cortisol 
levels by 70–90%.

ODM-201

ODM-201 is a new generation AR antagonist that does not 
cross the blood-brain barrier, unlike other antiandrogens, and 
inhibits AR nuclear translocation. ODM-201 has no agonist 
activity when the AR is overexpressed. The results of the first-
in-man, multicenter, phase I–II dose escalation trial were pre-
sented at the European Society of Medical Oncology (ESMO) 
2012 Meeting.60 This study planned to enroll 3 to 6 patients 
with metastatic CRPC, either treatment-naïve or pre-treated 
with docetaxel, in every dose cohort of 100, 200, 300, 500, 700, 
and 900 mg daily. Eighty-seven percent of the first 21 patients 
reached a PSA decline ≥50%, and all evaluable patients to date 
showed a partial response or stable disease at 12 weeks follow-
ing RECIST criteria. There were no significant emergent adverse 
events with ODM-201, asthenia, nausea, and diarrhea being the 
most common ones. The phase II portion of this study started in 
June 2012, and plans to enroll 100 patients.

Future Research Directions  
in Prostate Cancer Hormonal Therapy

The field of hormonal therapies in CRPC has widened dra-
matically in the last few years. As some of them will probably 
move to the pre-chemotherapy scenario, we will be able to delay 
the need for initiating chemotherapy and its associated side 
effects. But nowadays there are still many questions that remain 
unanswered. The optimal timing and sequencing of these new 
agents with standard therapy is still unknown.

There is also interest about when to stop the CYP17 inhibi-
tion, and if it should be maintained throughout the whole course 
of the disease, as we usually do with LH-RH analogs. Potential 
synergistic mechanisms have been proposed for the combination 
of CYP17 inhibitors, such as abiraterone, and antiandrogens, 
mainly enzalutamide, and some early phase trials are exploring 
this issue. One of these trials is a phase II trial being conducted 
at the MD Anderson Cancer Center, exploring the combination 
of enzalutamide and abiraterone in mCRPC with bone metas-
tases (NCT01650194). Some other trials also explore the poten-
tial role of androgen receptor pathway cross-talks with other 
pathways; for example, some trials are testing the combination 
of abiraterone with BEZ235, an inhibitor of PI3K and mTOR 
(NCT01717898), or with BKM-120, an inhibitor of PI3K 
(NCT01741753).

Another area in need of further development is biomarker dis-
covery, as there will be a vast number of new agents that will 
hopefully get approval by regulatory agencies in the next years. 
There is evidence pointing that TMPRSS2–ERG fusion gene 
may be correlated with improved response to abiraterone;61 very 
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