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ABSTRACT

Prostate cancer is the most common noncutaneous can-
cer and the second leading cause of death from cancer in
men in most western countries. Advanced prostate can-
cer is typically sensitive to androgen-deprivation ther-
apy, but invariably progresses to the castration-
resistant state. Most current prostate cancer treatments
are based on cytotoxicity directed against tumor cells via
androgen-deprivation therapy or chemotherapy. Che-
motherapy with docetaxel represents the standard first-
line treatment in patients with castration-resistant
prostate cancer (CRPC). Following progression after
treatment with docetaxel, cabazitaxel (XRP6258)–pred-

nisone treatment leads to a significantly longer overall
survival (OS) time than with mitoxantrone–prednisone. Sev-
eral other novel agents are currently being evaluated, including
sipuleucel-T, abiraterone acetate, and MDV3100, as well as the
radionuclide alpharadin. The cell-based immunotherapy sip-
uleucel-T produces longer OS times in chemotherapy-naïve pa-
tients, whereas the androgen biosynthesis inhibitor abiraterone
acetate results in longer OS times following docetaxel. It is envi-
sioned that these agents will change the standard of care for pa-
tients with metastatic CRPC. This review focuses on the clinical
development of cabazitaxel and abiraterone acetate. The Oncol-
ogist 2011;16:1487–1497

BACKGROUND
Prostate cancer is the most frequently diagnosed nonskin ma-
lignancy in men, with �200,000 cases being diagnosed each
year in the U.S. alone [1]. The treatment of localized disease is
controversial, given the prolonged natural history of the dis-
ease and the tendency toward overtreatment of indolent can-
cers that pose little risk to men in their lifetime [2, 3].
Nevertheless, both radiotherapy and surgery are curative op-
tions for localized prostate cancer. If surgery fails, salvage ra-
diotherapy has the potential to cure some patients. If initial
radiotherapy fails, surgical therapies occasionally can provide
benefit. However, once radiotherapy and surgery have both
failed, no curative options are currently available.

Treatment of metastatic disease and treatment of prostate can-

cers that have progressed despite radiation and/or surgical thera-
pies typically involve androgen deprivation. Few comparative
studies have been performed on the optimal timing of androgen-
deprivation therapy (ADT), making this a particularly controver-
sial topic in men with prostate-specific antigen (PSA)-only
disease. The timing of ADT in patients who have experienced a
rise in PSA after definitive local therapy is the subject of much
discussion. ADT can be achieved by surgical or medical castra-
tion, but it is not curative. Castration resistance (cancer progres-
sion despite castrate levels of serum testosterone) develops in
virtually all patients, and current treatment options are relatively
limited in this setting, although it is important to note that many
men, particularly those with PSA-only disease, die as a result of
other causes before they ever develop castration resistance.

Correspondence: Johann Sebastian de Bono, M.B., Ch.B., F.R.C.P., M.Sc., Ph.D., The Institute of Cancer Research and the Royal Mars-
den Hospital, Downs Road, Sutton, Surrey, UK. Telephone: 44-208-722-4029; Fax: 44-208-642-7979; e-mail: johann.de-
Bono@icr.ac.uk Received December 14, 2010; accepted for publication August 14, 2011; first published online in The Oncologist
Express on November 2, 2011. ©AlphaMed Press 1083-7159/2011/$30.00/0 http://dx.doi.org/10.1634/theoncologist.2010-0412

TheOncologist® Academia–Pharma Intersect:
Genitourinary Cancer: Prostate

The Oncologist 2011;16:1487–1497 www.TheOncologist.com



DOCETAXEL IN METASTATIC
CASTRATION-RESISTANT PROSTATE CANCER
Until recently, only docetaxel had been shown to produce lon-
ger survival times in patients with metastatic castration-resis-
tant prostate cancer (mCRPC) [4, 5]. The survival benefit is
relatively limited (median survival time extended by approxi-
mately 2–3 months in large, controlled trials) [4, 5], and for
patients progressing after docetaxel there has been no clear
standard of care. Various palliative therapies are available but
none has led to longer survival times.

TREATMENT OPTIONS POST-DOCETAXEL
What to do after docetaxel fails in a patient with mCRPC is the
subject of much discussion and research. Part of this discussion
has focused on the appropriate control groups to use in phase
III trials because the standard of care is not defined. Recent
clinical trials have included prednisone alone, placebo, mitox-
antrone, and a generically defined “standard of care” as control
treatments. In the clinic, the post-docetaxel treatment setting is
difficult because, until recently, no therapy has been shown to
be effective and because the patient’s life expectancy is lim-
ited. Furthermore, this patient population is often elderly with
a variety of comorbidities.

The first major study to address post-docetaxel treatment
of mCRPC patients was the Satraplatin and Prednisone
Against Refractory Cancer (SPARC) trial [6], which evaluated
satraplatin, an orally administered platinum agent, in a total of
950 patients, �50% of whom had received docetaxel before
trial entry. It should be noted that SPARC trial accrual began
before docetaxel was approved by the U.S. Food and Drug Ad-
ministration (FDA) for prostate cancer. The trial showed a
modestly longer median progression-free survival (PFS) inter-
val for satraplatin plus prednisone (11.1 weeks versus 9.7
weeks), but no significant difference in the overall survival
(OS) times. The median OS duration was 14.1 months for both
the satraplatin–prednisone and placebo–prednisone arms.

Rechallenge with docetaxel was investigated as an alterna-
tive strategy for patients progressing on docetaxel in several
small retrospective studies. Results of a study conducted in
France suggested that reintroduction of docetaxel at relapse
following an initial response to docetaxel provided benefit in
some patients [7]. A PSA decrease �50% was achieved in 24
of 50 patients (48%) and the median OS time after docetaxel
reintroduction was 16 months. Docetaxel retreatment was re-
ported to be well tolerated, with 6% of patients reporting grade
3 or 4 hematologic toxicities. Large, randomized, controlled
trials are necessary in order to evaluate this strategy defini-
tively.

Two new agents have been evaluated in the post-docetaxel
CRPC setting. One of these, cabazitaxel (XRP6258/
RPR116258A/TXD258), recently showed a longer OS time
than with mitoxantrone in a phase III trial and has been ap-
proved in the U.S. and Europe for the treatment of men with
mCRPC whose disease has progressed after docetaxel. The
other, abiraterone acetate, also showed an OS advantage in a
phase III trial of 1,195 patients and was recently approved by
the U.S. FDA. These two agents are the focus of this review. A

brief discussion of other agents currently being evaluated in
phase III trials in the post-docetaxel CRPC setting is also in-
cluded, because they represent the next generation of options
for this difficult-to-treat patient population.

CABAZITAXEL

Background
The taxanes paclitaxel and docetaxel were originally derived
from taxol, a compound extracted from the Pacific Yew Taxus
brevifolia [8]. Taxanes are important anticancer agents with
activity in a variety of solid tumors, including prostate cancer.
Taxanes alter tubulin polymerization dynamics, which impacts
microtubule disassembly and can lead to arrested cell division
during mitosis [9]. Taxanes may also impact interphase tubulin
functions [10] and inhibit androgen receptor (AR) nuclear lo-
calization and signaling [11, 12].

Pharmacology and Development
It is well recognized that prostate cancer develops resistance to
current taxane-based regimens. Some patients never respond
to taxanes whereas others respond and then progress [13]. In
the Southwest Oncology Group 9916 trial, the group receiving
docetaxel and estramustine every 3 weeks had a median time to
progression (TTP) of 6.3 months and a median OS time of 17.5
months [4]. In the TAX327 trial, the median OS duration was
18.9 months for docetaxel, 75 mg/m2 every 3 weeks [5]. These
are the standard dose and schedule currently approved by the
U.S. FDA and European Medicines Agency. Multiple mecha-
nisms of taxane resistance have been described, including
overexpression of various transmembrane molecular trans-
porters, such as the bile salt export pump (sister gene of P-gly-
coprotein) [14] and the multidrug-resistance pump [15],
although the clinical relevance of these mechanisms is un-
known.

Efforts have been made to generate novel taxanes with an-
titumor activity in cancers resistant to approved agents. Caba-
zitaxel is one such compound with antitumor activity in cell
lines resistant to chemotherapy, including docetaxel [16–18].
Cabazitaxel is a taxoid showing cytotoxic activity in cold-
induced depolymerization assays (similar to docetaxel or pac-
litaxel) [16, 17]. Modifications in the chemical structure of
cabazitaxel (Fig. 1) are associated with equipotency versus do-
cetaxel in several cancer cell lines [17], but superior potency in
a variety of docetaxel-resistant cell lines [16, 17]. In cell lines
with acquired resistance to doxorubicin, vincristine, vinblas-
tine, paclitaxel, or docetaxel, cabazitaxel was over five times
more active than docetaxel [17]. Cabazitaxel has a broad spec-
trum of antitumor efficacy in tumor models of murine and hu-
man origin [16, 19] and is also active in vivo against docetaxel-
resistant tumor models including B16/TXT [16, 20]. Unlike
docetaxel, cabazitaxel crosses the blood–brain barrier and is
active against early-stage glioblastoma [21].

For solubility reasons, cabazitaxel is formulated in poly-
sorbate 80, and premedication may be required to prevent hy-
persensitivity reactions, although they appear to occur less
frequently than with docetaxel. Dexamethasone is adminis-
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tered i.v. 30 minutes before the administration of cabazitaxel,
rather than in multiple doses orally starting the day before
treatment, as for docetaxel. Premedication with an i.v. antihis-
tamine and an H2 receptor antagonist is also recommended
with cabazitaxel [22]. In the TROPIC trial, the overall inci-
dence of events classified as allergic conditions was low and
they were mostly grade 1 or 2 (2% in the cabazitaxel group
compared with 1% in the mitoxantrone group). All hypersen-
sitivity events were either grade 1 or grade 2, except for one
patient in the cabazitaxel group who experienced serious
(grade 4) anaphylactic shock, which occurred 18 days post-
treatment and was considered unrelated to study drug, and was
attributed to a nut and fish (food) allergy.

Phase I Study
In a dose-ranging phase I study, 25 patients with advanced solid
tumors were treated with cabazitaxel every 3 weeks [23]. In total,
102 courses were administered at four dose levels in the range of
10–25 mg/m2. The main dose-limiting toxicity was neutropenia;
one patient experienced febrile neutropenia and two others had
prolonged grade 4 neutropenia at the 25-mg/m2 dose. Other tox-
icities were reported to be generally mild to moderate and in-
cluded nausea, vomiting, diarrhea, neurotoxicity, and fatigue.
Partial responses were observed in two patients with metastatic
prostate cancer including a patient with docetaxel-refractory dis-
ease; one unconfirmed partial response and two minor responses
were also recorded.

Pharmacokinetic analyses in the phase I study [23] re-
vealed a proportional relationship between cabazitaxel dose
and the area under the plasma versus concentration curve from
0 to 48 hours (AUC0–48h) and the maximal plasma concentra-
tion. The decline in the cabazitaxel plasma concentration was
triphasic, with mean half-life (t1/2) values of 2.6 minutes, 1.3
hours, and 77.3 hours in the first, second, and third phases, re-

spectively. Clearance rates averaged 53.5 L/hour. The clear-
ance and AUC(0 – 48h) values did not change with repeated
treatment. Interpatient variability in pharmacokinetic values
was relatively low, although there was higher variability in ter-
minal (third-phase) t1/2 values. The pharmacokinetic profile of
cabazitaxel within the dose ranges studied was generally sim-
ilar to that of docetaxel (triphasic elimination, proportional
dose) [24].

Cabazitaxel is metabolized primarily by liver cytochrome
P450 enzymes CYP3A4 and CYP3A5, and to a lesser extent via
CYP2C8 [22]. The parent drug is the primary form found in the
circulation [22]. Cabazitaxel is mainly eliminated in the feces
(�76% of the dose), whereas renal elimination accounts for only
3.7% of the dose [22]. Because cabazitaxel is mainly metabolized
via CYP3A, substances that induce or inhibit this enzyme may af-
fect cabazitaxel pharmacokinetics.

Phase II Data
One cabazitaxel phase II study was performed in patients with
metastatic breast cancer resistant to prior taxanes [25]. Patients
were divided into those progressing after adjuvant therapy and
those progressing after first- or second-line therapy and were
treated with cabazitaxel at a dose of 20 mg/m2 every 3 weeks.
Grade 3 or 4 neutropenia was reported in 52 of 71 patients
(73%); 20 patients (28%) with good tolerability after cycle 1 re-
ceived cabazitaxel at a dose of 25 mg/m2 in cycle 2. Two com-
plete and eight partial responses were noted. The response rate for
patients progressing after neoadjuvant or adjuvant treatment was
14%, and for those progressing after first- or second-line therapy
the response rate was 12%. The median TTP was 2.7 months
(95% confidence interval [CI], 1.45–4.07 months) and the me-
dian OS time was 12.3 months (9.49–15.05 months).

Phase III Trial: TROPIC
Based on clinical data from phase I trials demonstrating anti-
tumor activity in docetaxel-pretreated patients, including those
with docetaxel-refractory prostate cancer, a decision was made
to evaluate the efficacy of cabazitaxel in a phase III trial
(TROPIC) in patients with mCRPC progressing after do-
cetaxel-based therapy [26]. A summary of the design of the
TROPIC trial is shown in Table 1. Additional entry criteria for
TROPIC included evidence of cancer progression by the Re-
sponse Evaluation Criteria in Solid Tumors (RECIST) or PSA
criteria either during or after docetaxel therapy, no prior treat-
ment with mitoxantrone, an Eastern Cooperative Oncology
Group (ECOG) performance status score of 0–2, adequate or-
gan function, a cardiac ejection fraction �50%, no brain or
leptomeningeal metastases, and no concurrent or planned
treatment with strong inhibitors of CYP3A4 or CYP3A5. In-
clusion and exclusion criteria were not based on the response
to prior docetaxel.

The TROPIC study was initiated in January 2007 and the
last patient was enrolled in October 2008. In total, 755 patients
were randomized 1:1 to cabazitaxel or mitoxantrone. The pri-
mary endpoint was OS and the predefined statistical plan re-
quired 511 events in an intent-to-treat analysis to detect a 25%
difference in the hazard rate between the two arms with 90%

Figure 1. Chemical structure of cabazitaxel and docetaxel.
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power at a two-sided 5% � level. An assumption was made that
survival would be 8.0 months in the control group and 10.7
months in the experimental group [26]. Based on current
knowledge of the survival rates from the SPARC trial [6], this
may have been an overly pessimistic estimate.

Secondary endpoints included PSA response (for patients
with a baseline PSA level �20 ng/mL) and PSA progression
(�25% increase from the nadir in PSA nonresponders or
�50% increase from the nadir in PSA responders). Tumor re-
sponse (RECIST) was assessed by cross-sectional imaging
(computed tomography or magnetic resonance imaging) every
other treatment cycle. Bone scans were performed at the be-
ginning and end of the study treatments, and when clinically
indicated. PFS was defined as the time between randomization
and the first date of progression, as measured by PSA progres-
sion, tumor progression, pain progression, or death [26].

Cabazitaxel was administered i.v. at a dose of 25 mg/m2, with
the control group receiving i.v. mitoxantrone at a dose of 12
mg/m2. Patients in both arms received oral prednisone, 10 mg/
day. A maximum of 10 cycles of therapy was allowed because
of concerns about cardiac toxicity with mitoxantrone. Of note,
the TAX327 trial comparing mitoxantrone with docetaxel also
limited the maximum number of cycles to 10 [5]. Treatment
was discontinued because of disease progression, because of
unacceptable toxicity, or after 10 cycles. Given prior data from
the SPARC trial [6], life expectancy in this cohort of patients
was expected to be �14 months.

In an intention-to-treat analysis, the median OS time was
15.1 months in patients who received cabazitaxel, compared
with 12.7 months in those who received mitoxantrone (Fig. 2)
[26]. Patients in the cabazitaxel group had a hazard ratio for
death of 0.70 (95% CI, 0.59–0.83; p � .0001 by stratified log-
rank test) relative to those who received mitoxantrone. The

PFS interval, tumor response rate, PSA response rate, and TTP
were also better with cabazitaxel than with mitoxantrone (Ta-
ble 2). The most frequent, clinically significant grade �3 tox-
icities were neutropenia (cabazitaxel, 81.7%; mitoxantrone,
58.0%) and diarrhea (cabazitaxel, 6.2%; mitoxantrone, 0.3%);
the rates of febrile neutropenia were 7.5% and 1.3%, respec-
tively (Table 2).

The overall rate of death within 30 days of drug infusion
was 4.9% for patients treated with cabazitaxel and 2.4% for pa-
tients treated with mitoxantrone. Neutropenia and associated

Figure 2. Overall survival with cabazitaxel (TROPIC) [26].
Abbreviation: CI, confidence interval.
Reprinted from de Bono JS, Oudard S, Ozguroglu M et al.

Prednisone plus cabazitaxel or mitoxantrone for metastatic castra-
tion-resistant prostate cancer progressing after docetaxel treat-
ment: A randomised open-label trial. Lancet 2010;376:1147–
1154, Copyright 2010, with permission from Elsevier.

Table 1. Phase III randomized trials with cabazitaxel and abiraterone acetate

TROPIC trial (ClinicalTrials.gov
identifier, NCT00417079)

COU-AA-301 trial (ClinicalTrials.gov
identifier, NCT00638690)

Drug Cabazitaxel Abiraterone acetate

Control arm Mitoxantrone (12 mg/m2) � prednisone
(10 mg/day)

Placebo � prednisone (10 mg/day)

Experimental arm Cabazitaxel (25 mg/m2) � prednisone
(10 mg/day)

Abiraterone acetate (1,000 mg/day) � prednisone
(10 mg/day)

Design Phase III randomized trial Phase III randomized trial

Primary endpoint OS OS

Secondary endpoints PSA response, radiologic response rate, PFS PSA response, radiologic response rate, PFS,
CTCs as a surrogate marker of OS

n of patients 755 1,195

Statistical hypothesis OS, 8 mos in control group versus 10.67
mos in cabazitaxel group

OS, 12 mos in control group versus 15 mos in
abiraterone group

First patient enrolled January 2007 April 2008

End of study October 2008 July 2009

Results Published Presented at ESMO 2010

Abbreviations: CTC, circulating tumor cell; ESMO, European Society for Medical Oncology; OS, overall survival; PFS,
progression-free survival; PSA, prostate-specific antigen.
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complications were the most frequent cause of death in the
cabazitaxel group (1.9% of treated patients). Potential cardiac
issues were associated with deaths in 1.3% of patients in the
cabazitaxel group [26].

Trials have not yet defined the optimal strategy for the
management of treatment-induced neutropenia and related
risks in this population. At this time, the FDA-approved caba-
zitaxel label recommends considering the use of G-CSF as pri-
mary prophylaxis for men with high-risk clinical features
known to predispose them to complications from prolonged
neutropenia (i.e., age �65 years, poor performance status, se-
rious comorbidities) [22]. Additional studies to evaluate
whether or not pharmacogenomic predictors of drug disposi-
tion and neutropenic sepsis could be used clinically to person-
alize drug dosing are now warranted. Other strategies to deal
with neutropenic sepsis risk include dose reductions from 25
mg/m2 to 20 mg/m2 in patients with grade 4 neutropenia fol-

lowing their first course of treatment and the routine use of pro-
phylactic growth factors to abrogate myelosuppression. The
dose of cabazitaxel in the post-docetaxel setting is also being
investigated in a current phase III trial comparing the 20
mg/m2 and 25 mg/m2 doses (PROSELICA trial; ClinicalTri-
als.gov identifier, NCT01308580).

ABIRATERONE ACETATE

Background
The treatment of patients with advanced or high-risk prostate
cancer has been based on androgen deprivation, with the ob-
jective of diminishing testicular testosterone production, either
by bilateral orchiectomy or with the use of luteinizing-hor-
mone releasing hormone (LHRH) agonists. Despite continuing
ADT, the disease eventually progresses [27]. Preclinical and
clinical studies indicate that the AR continues to drive the pro-

Table 2. Summary of efficacy results and adverse events from the TROPIC trial

Efficacy
Mitoxantrone
(n � 377)

Cabazitaxel
(n � 378) HR (95% CI) p-value

Median OS (mos) 12.7 15.1 0.70 (0.59–0.83) �.0001

Median PFS (mos) 1.4 2.8 0.74 (0.64–0.86) �.0001

Tumor response rate (%)a 4.4 14.4 – .0005

PSA response rate (%)b 17.8 39.2 – .0002

Pain response rate (%)c 7.7 9.2 – .63

Median TTP (months) 5.4 8.8 0.61 (0.49–0.76) �.0001

Median time to PSA progression
(months)

3.1 6.4 0.75 (0.63–0.90) .001

Median time to pain progression
(months)

Not reached 11.1 0.91 (0.69–1.19) .52

Adverse events Mitoxantrone (n � 371) Cabazitaxel (n � 371)

All grades Grade >3 All grades Grade >3

Hematologicd

Leukopenia 343 (92) 157 (42) 355 (96) 253 (68)

Neutropenia 325 (88) 215 (58) 347 (94) 308 (82)

Febrile neutropenia 5 (1) 28 (8)

Anemia 302 (81) 18 (5) 361 (97) 39 (11)

Thrombocytopenia 160 (43) 6 (2) 176 (47) 15 (4)

Nonhematologic

Diarrhea 39 (11) 1 (�1) 173 (47) 23 (6)

Fatigue 102 (27) 11 (3) 136 (37) 18 (5)

Nausea 85 (23) 1 (�1) 127 (34) 7 (2)

Vomiting 38 (10) 0 84 (23) 7 (2)

Peripheral neuropathy 12 (3.2) 3 (0.8) 52 (14.0) 3 (0.8)

Data are reported as n of patients (%).
an of evaluable patients: mitoxantrone, 204; cabazitaxel, 201.
bn of evaluable patients: mitoxantrone, 325; cabazitaxel, 329.
cn of evaluable patients: mitoxantrone, 168; cabazitaxel, 174.
dHematologic adverse event rates are based on laboratory assessments.
Abbreviations: CI, confidence interval; HR, hazard ratio; OS, overall survival; PFS, progression-free survival; PSA,
prostate-specific antigen; TTP, time to tumor progression.
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liferation of CRPC cells. In CRPC, the AR axis remains active
with continued activation of downstream genes [28]. Abi-
raterone acetate is an oral, selective, irreversible, inhibitor of
CYP17 that inhibits androgen and estrogen synthesis (Fig. 3).
In patients with CRPC resistant to LHRH analogs, abiraterone
acetate has shown impressive antitumor activity [29, 30].

Pharmacology and Development
Several preclinical and clinical studies have shown that, de-
spite being characterized as “hormone refractory,” that is, re-
lapsing after initial hormone ablation [31], prostate cancers
continue to be AR driven [32, 33]. There are several known
mechanisms of resistance to ADT, most of which result in
greater AR signaling. These include intracrine steroid synthe-
sis; amplification of the AR gene; constitutive, ligand-indepen-
dent activation of AR; AR mutations that decrease AR
specificity and increase AR promiscuity; and ligand-indepen-

dent AR activation by protein kinases or other effectors [34,
35].

The importance of continued AR signaling in CRPC sup-
ported the investigation of the inhibition of CYP17 by abi-
raterone to block extragonadal sources of steroid and to block
intratumoral androgen and estrogen synthesis [32]. This strat-
egy should impact CRPC driven by ligand-dependent AR sig-
naling [28, 36, 37]. CYP17 is a key enzyme in the production
of androgens and estrogens by the adrenal glands and tumor
tissue (Fig. 3). In patients with congenital CYP17 deficiency,
lower production of cortisol, androgens, and estrogens leads to
absent sexual development [38]. Glucocorticoid generation is
maintained in these patients through the synthesis of corti-
costerone, which explains why they do not develop adrenal
insufficiency. However, CYP17 blockade results in high ad-
renocorticotrophic hormone (ACTH) levels and a syndrome
of secondary mineralocorticoid excess. This can be man-

Figure 3. Abiraterone acetate mode of action and chemical structure. (A): The cytochrome P450 enzyme CYP17 and steroids. Andro-
gen biosynthesis pathway. The physiological effects of abiraterone acetate on steroidogenesis are indicated by arrows next to each steroid
precursor. Abiraterone acetate inhibits 17�-hydroxylase (blunt arrow), causing a decline in serum cortisol and a consequent rise in ad-
renocorticotrophic hormone (ACTH) (broken arrow). This, in turn, results in a rise in deoxycorticosterone and corticosterone by approx-
imately 10- and 40-fold, respectively. The elevated deoxycorticosterone levels result in the expected toxicities of secondary
mineralocorticoid syndrome. Abiraterone acetate also inhibits C17,20-lyase (blunt arrow), resulting in significant declines in dehydro-
epiandrosterone (DHEA), androstenedione, and testosterone. Aldosterone levels fall as a result of suppression of the renin–angiotensin
pathway by high levels of deoxycorticosterone. However, there is a fourfold increase in 11-deoxycortisol, which may be a result of the
higher ACTH levels driving the partial reversal of the activity of 17�-hydroxylase but not C17,20-lyase. (B): Chemical structures of
abiraterone acetate and abiraterone [29].

Reprinted from Ang JE, Olmos D, de Bono JS. CYP17 blockade by abiraterone: Further evidence for frequent continued hormone-
dependence in castration-resistant prostate cancer. Br J Cancer 2009;100:671–675, Copyright 2009, with permission from Macmillan
Publishers Ltd.

1492 Novel Therapeutics for Metastatic Prostate Cancer



aged with mineralocorticoid antagonists or low doses of
glucocorticoids.

Abiraterone acetate (CB 7630; 3�-acetoxy-17-(3-pyridyl)
androsta-5,16-diene) was designed and first synthesized at The
Institute of Cancer Research in Sutton, U.K. [39–41] as an an-
drogen and estrogen synthesis inhibitor. Abiraterone acetate is
the 3-acetate prodrug of abiraterone; the acetate salt is more
soluble than the parent compound and rapidly converted to abi-
raterone following absorption (Fig. 3). By irreversibly inhibit-
ing CYP17, also known as 17�-hydroxylase or C17,20-lyase,
abiraterone inhibits both adrenal and intratumoral androgen
synthesis. Preclinical studies showed that abiraterone acetate
reduced the volume of androgen-dependent organs, including
the ventral prostate, seminal vesicles, and testes, significantly
more than ketoconazole.

Phase I Studies
A first-in-man phase I study showed that treatment with abi-
raterone acetate resulted in acceptable safety and tolerability,
but the agent was only administered for a maximum of 12 days
[42]. That study demonstrated that it is possible to suppress tes-
tosterone levels to the castrate range in men with intact gonadal
function at an abiraterone acetate dose of 800 mg. Antitumor
activity was not evaluated, but the study provided proof of
principle that the drug could block CYP17, thus warranting a
further clinical trial in patients with CRPC.

A phase I/II trial (COU-AA-001) in patients with chemo-
therapy-naïve CRPC was designed to evaluate the safety and
efficacy of continuous abiraterone acetate administered once
daily as a capsule formulation; the dose was escalated from
250 mg/day to 2,000 mg/day [43]. Abiraterone acetate had an
acceptable safety profile and antitumor activity at all evaluated
dose levels. The most frequent side effects were related to a
secondary mineralocorticoid excess syndrome, with hyperten-

sion, hypokalemia, and lower-limb edema. These side effects
were managed with the mineralocorticoid receptor antagonist
eplerenone. Spironolactone was avoided because it activates
the AR [44]. Abiraterone acetate treatment induced increases
in ACTH and steroids upstream of CYP17, and decreases in
serum testosterone, androgenic steroids, and estradiol. No pa-
tient developed adrenocortical insufficiency, as anticipated
from the natural history of congenital syndromes of CYP17 de-
ficiency. Antitumor activity was observed at all doses, with de-
clines in PSA, radiologic partial responses, and improvement
in symptoms. In that study, 66% of treated patients had a
�30% decline in PSA levels; 38% showed a partial response
(RECIST) or reduction in analgesic use. This first phase I trial
in chemotherapy- and ketoconazole-naïve patients with CRPC
confirmed that CYP17 blockade by abiraterone acetate has an
acceptable safety profile and antitumor activity in CRPC pa-
tients. Moreover, patients received abiraterone acetate in that
study in an extension protocol for up to 48 months.

A second phase I/II study (COU-AA-002) [45], evaluating
the safety and tolerability of a tablet formulation of abiraterone
acetate at doses in the range of 250–1,000 mg, also found an
acceptable safety profile for further development. Consistent
with abiraterone acetate’s mechanism of action, hypertension,
hypokalemia, and lower extremity edema were the most com-
monly observed drug-related adverse events (AEs); these were
all manageable with mineralocorticoid antagonists or low-
dose steroids. Adrenal metabolite analysis showed inhibition
of CYP17 even at low abiraterone doses and an ACTH-driven
compensatory increase in levels of corticosterone and deoxy-
corticosterone. Data from dose-finding studies indicated that
when pharmacokinetic, adrenal CYP17 inhibition, and effi-
cacy signals were taken into consideration, the 1,000-mg dose
offered consistent pharmacologic effects without additional

Table 3. Phase I/II trials with abiraterone acetate

Study Trial name n of patients
Prednisone
administered

Prior
docetaxel

Patients with
PSA decline
>50%, n/n
(%)

Tumor response
ratea, n/n (%)

Attard et al. COU-AA-001 Phase I, 21 No No 12/21 (57) 5/8 (62)
(2008) [43] (ClinicalTrials.gov Phase II, 42 No No 28/42 (67) SD: 16/24 (67)
Attard et al. identifier,
(2009) [46] NCT00473512)

Ryan et al.
(2010) [45]

COU-AA-002
(ClinicalTrials.gov
identifier,
NCT00473746)

Phase I, 33 No No 18/33 (55) NR

Phase II, 33 Yes 29/33 (88) NR

Reid et al.
(2010) [49]

COU-AA-003 47 Yes, 18; No, 29 Yes 24/47 (51) PR, 6/35 (17);
SD, 23/35 (66)

Danila et al.
(2010) [47]

COU-AA-004 58 Yes Yes 21/58 (36) PR, 4/18 (22);
SD, 11/18 (61)

Efstathiou et al.
(2009) [51]

44 Yes 37/44 (84%) 21/41 (51) NR

aAccording to Response Evaluation Criteria in Solid Tumors.
Abbreviations: NR, not reported; PR, partial response; SD, stable disease.
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side effects. Therefore, this dose was chosen for further effi-
cacy and safety evaluation in phase II and III studies.

Phase II Data
After the very promising phase I results, several phase II stud-
ies were conducted to evaluate the efficacy and toxicity of abi-
raterone acetate in both chemotherapy-naïve and taxane-
resistant CRPC patients [45–51] (Table 3).

In docetaxel-naïve patients, the PSA response rate was 60%–
80% [46, 50]. Following expansion at the 1,000-mg dose, the
COU-AA-001 study enrolled additional patients to further evalu-
ate antitumor activity in patients with chemotherapy-naïve CRPC
[46]. Chemotherapy-naïve men (n � 54) with CRPC resistant to
multiple hormonal therapies were treated in this two-stage phase
I/II study. Declines in PSA �30%, �50%, and �90% were ob-
served in 43 (80%), 38 (70%), and 14 (26%) patients, respec-
tively. Independent, blinded, radiologic evaluation reported
disease regression by the RECIST in 37% of patients (nine of 24
patients with measurable disease). Decreases in circulating tumor
cell (CTC) counts, normalization of lactate dehydrogenase, and
improved symptoms with a reduction in analgesic use were com-
monly documented. Similar response rates were seen in the COU-
AA-002 trial, a parallel phase I/II study investigating the tablet as
opposed to the capsule formulation [45, 50].

Two phase II studies have also been conducted in patients
with CRPC who had received prior docetaxel. In one phase II
study (COU-AA-003), 47 patients were treated with abi-
raterone acetate at a dose of 1,000 mg/day; 18 started the study
on a stable dose of steroids to maintain performance status
[49]. Declines in PSA �30%, �50%, and �90% were ob-
served in 32 (68%), 24 (51%) and seven (15%) patients, re-
spectively. Moreover, of the 30 patients evaluable by the
RECIST, eight (27%) had a partial response. In this heavily
pretreated population, more than half of the patients had a PSA
response and more than two thirds had stable disease or a par-
tial response.

The other phase II study (COU-AA-004) [47] evaluated abi-
raterone acetate at a dose of 1,000 mg/day with prednisone (5 mg
twice daily) in 58 men with mCRPC who had experienced treat-
ment failure on docetaxel-based chemotherapy; 27 of the patients
had also previously received ketoconazole. PSA declines �50%
were confirmed in 21 (36%) patients—14 of 31 (45%) ketocona-
zole-naïve patients and seven of 27 (26%) ketoconazole-pre-

treated patients. Partial tumor responses were observed in four of
22 (18%) patients, with improved ECOG performance status
scores in 28% of patients. The vast majority of AEs related to abi-
raterone treatment were grade 1–2, with the most common being
fatigue, nausea, and vomiting. There was one case of grade 3 fa-
tigue and no grade 4 events were observed [47].

To date, no relationship has been reported between re-
sponse to abiraterone acetate and true progression on prior do-
cetaxel chemotherapy or stopping docetaxel for another
reason, such as toxicity. The drug has been well tolerated in the
post-docetaxel setting with toxicities similar to those seen in
docetaxel-naïve patients.

Post-Docetaxel Phase III Evaluation
The high degree of antitumor activity seen with abiraterone
acetate in combination with steroids in patients with CRPC,
together with a favorable toxicity profile, supported the
study of this regimen in phase III trials. A large, multicenter,
randomized, double-blind, placebo-controlled phase III
trial assessing abiraterone acetate and prednisone was initi-
ated in April 2008 in patients with mCRPC who had failed
docetaxel-based chemotherapy (ClinicalTrials.gov identi-
fier, NCT00638690) (Table 1) and completed accrual in
July 2009. The primary endpoint of that trial was OS. The
trial enrolled 1,195 patients, randomized 2:1 to receive abi-
raterone acetate plus prednisolone (or prednisone) or pla-
cebo plus prednisolone (or prednisone). In the trial,
abiraterone led to a longer OS time at the time of an interim
analysis, by 3.9 months compared with placebo [52], with a
hazard ratio of 0.646 (95% CI, 0.543– 0.768; p � .0001)
(Table 4). Abiraterone was well tolerated; however, some
AEs were deemed of special interest, including those asso-
ciated with elevated mineralocorticoid levels resulting from
CYP17 blockade (fluid retention and edema, hypokalemia,
and hypertension), as well as cardiac disorders and liver
function test abnormalities. These AEs were more common
in the abiraterone acetate group than in the placebo group
(55% versus 43%; p � .001) [52]. There was no significant
difference in the rate of cardiac events between the abi-
raterone acetate group and the placebo group (13% versus
11%; p � .14) [52]. Tachycardia and atrial fibrillation were
the most common cardiac events, occurring in 3% and 2% of
patients in the abiraterone group, respectively. All tachycar-

Table 4. Abiraterone phase III trial results

Abiraterone (n � 797) Placebo (n � 398) HR (95% CI) p-value

OS, mos 14.8 10.9 0.646 (0.54–0.77) �.0001

TTP, mos 10.2 6.6 0.58 (0.46–0.73) �.0001

rPFS, mos 5.6 3.6 0.67 (0.58–0.78) �.0001

PSA response rate

Total 38.0% 10.1% �.0001

Confirmed 29.1% 5.5% �.0001

Abbreviations: CI, confidence interval; PSA, prostate-specific antigen; rPFS, progression-free survival according to
radiographic evidence; TTP, time to tumor progression.
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dia events were grade 1 or 2, whereas all atrial fibrillation
events were grade �3. There were not significantly more
cardiac deaths in the abiraterone acetate group than in the
placebo group (1.1% versus 1.3%, respectively) [52]. No in-
dividual grade 4 AEs occurred in �2% of patients in either
treatment group.

As a consequence of these findings, the data monitoring com-
mittee informed the sponsor to notify participants in the placebo
arm about the option to cross over to abiraterone. All secondary
endpoints, including time to PSA progression, time to radiologic
progression, and the PSA response rate, favored the abiraterone
arm. However, clinicians must be aware of the potential for life-
threatening side effects with abiraterone, such as fatal arrhythmias
resulting from hypokalemia, and careful monitoring of electrolyte
and liver function tests are essential during abiraterone therapy.

This large, phase III trial will also prospectively assess
whether treatment-induced changes in CTC counts can serve
as a surrogate endpoint for OS in CRPC patients. Preliminary
studies indicate that CTCs represent an extremely promising
source of tumor tissue for biomarker studies and that CTC
counts are prognostic of OS in breast, colon, and prostate can-
cer patients, suggesting that this approach may even be supe-
rior to radiologic or PSA evaluation [53, 54].

Docetaxel-Naïve Phase III Evaluation
A placebo-controlled, randomized, phase III study with the
aim of assessing whether or not abiraterone improves out-
comes in the docetaxel-naïve setting has now completed ac-
crual (ClinicalTrials.gov identifier, NCT00887198). More
than 1,000 patients were randomized 1:1 to abiraterone acetate
plus prednisolone or placebo plus prednisolone, with copri-
mary endpoints of the radiologic-free survival and OS times.

Biomarkers of Abiraterone Antitumor Activity
The antitumor activity of abiraterone acetate is partially ex-
plained by the suppression of serum androstenedione and de-
hydroepiandrosterone (DHEA), in addition to testosterone and
estradiol. Patients with higher levels of androstenedione and
DHEA at baseline had a better response rate than patients with
lower levels [55]. Resistance to abiraterone may also be related
to greater production of steroids upstream of CYP17. To re-
verse resistance to abiraterone administered in the absence of
therapeutic steroids but with a mineralocorticoid receptor an-
tagonist, low-dose steroids were successfully used to decrease
production of ACTH and upstream steroids at disease progres-
sion on abiraterone alone. Low-dose steroids inhibit the ACTH
feedback loop and upstream steroid precursor synthesis, which
can activate promiscuous ARs [55].

Different molecular alterations could be involved in abi-
raterone resistance. We now have preliminary evidence to sug-
gest that the presence of a rearrangement of the ETS
transcription factor gene ERG, specifically the TMPRSS2-
ERG fusion gene, which generates an AR and estrogen recep-
tor-� driven ETS oncogene, may correlate with a higher
likelihood of response to abiraterone [55–57]. Further studies
evaluating AR mutations are now required. Several reports in-
dicate that splice variants can result in ligand-independent AR

signaling [58, 59]. In addition, mutated AR can be activated by
ligands upstream of CYP17, including deoxycorticosterone
and pregnenolone [60], or a constitutively activated AR.

NEWER AGENTS IN DEVELOPMENT IN THE
POST-DOCETAXEL SPACE
In addition to cabazitaxel and abiraterone, there are many other
agents with the potential to prolong survival after docetaxel
in patients with mCRPC. Many of these are being evaluated
in phase III studies [61], including the anti-androgen
MDV3100 (ClinicalTrials.gov identifiers, NCT00974311,
NCT01212991), the CYP17 inhibitor TAK-700 (ClinicalTri-
als.gov identifiers, NCT01193257, NCT01193244), and ipili-
mumab, an anticytotoxic T lymphocyte–associated antigen-4
antibody (ClinicalTrials.gov identifiers, NCT01057810,
NCT00861614). Phase III trials are also being carried out to
evaluate the bone targeting �-emitting isotope radium-223
(ClinicalTrials.gov identifier, NCT00699751), and OGX-011
[61] (ClinicalTrials.gov identifiers, NCT01188187,
NCT01083615), a targeted therapeutic that sensitizes tumors
that have become resistant to conventional cancer therapeu-
tics. Radium-233 has previously demonstrated positive re-
sults in a randomized phase II trial [62] and is currently
being evaluated in patients unsuitable for additional chemo-
therapy in the phase III setting. Recent data indicate a sur-
vival benefit with this agent [63]. This placebo-controlled
alpharadin (radium-223 chloride) randomized, phase III
registration trial has been announced to show a survival ad-
vantage for this radionuclide with an almost 3-month sur-
vival benefit. At interim analysis, a statistically significant
improvement in overall survival in patients receiving alpha-
radin of 14 months compared with 11.2 months in those re-
ceiving placebo (p�.0022; hazard ratio, 0.699) has been
described. The full reporting of these data is anticipated and
it is envisioned that this agent will become a standard of care
in the treatment of advanced prostate cancer. Randomized
phase II data have suggested a survival benefit with OGX-
011 [64] used in combination with docetaxel. OGX-011 is
now being investigated in phase III trials [61]. Other excit-
ing agents in development include novel androgen recep-
tor–targeting drugs such as the selective AR degrading
agent AZD3514, drugs targeting the PI3K/AKT/TOR ki-
nase axis, and the VEGFR/C-Met–targeting multikinase in-
hibitor cabozantinib.

These are some of the most promising agents currently be-
ing investigated for the treatment of mCRPC patients. How-
ever, one of the greatest challenges in the development of
novel agents is the development of analytically validated bio-
markers that can be clinically qualified as both predictor assays
and surrogates for intermediate endpoints.

CONCLUSIONS
Both cabazitaxel and abiraterone acetate clearly have antitumor
activity in CRPC patients; they have both led to longer OS times
in patients who have progressed on prior docetaxel. Moreover, the
cell-based immunotherapy sipuleucel-T has been shown to pro-
duce longer survival times in the prechemotherapy setting [65].
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Additional phase III trials to evaluate the optimal sequence of
drug delivery now need to be pursued in order to optimize the ben-
efits of treatment. It is likely that the near future will bring several
other new therapeutic possibilities for patients with this disease.
Other promising new agents are in development, including the an-
tiandrogen MDV3100. Finally, we envision that predictive bio-
markers, such as ETS gene rearrangements, will allow the
molecular dissection of the heterogeneity of this disease and that
CTC counts could become an approvable clinical trial endpoint
for this disease.
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