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Objective: To review and evaluate current literature on the US Food and Drug Administration 

(FDA)-approved drug enzalutamide (XTANDI®) in metastatic castration-resistant prostate cancer.

Data sources: Literature search was done through PubMed using the terms enzalutamide, 

MDV3100, abiraterone, and castration-resistant prostate cancer. Data from FDA product labels 

were also used.

Study selection and data extraction: Recent and relevant studies were included in the 

review. Collected clinical trials were screened and evaluated.

Data synthesis: Enzalutamide is an androgen receptor (AR) inhibitor with high selectivity and 

affinity to the AR. It was approved by the FDA to treat metastatic castration-resistant prostate cancer 

in patients previously treated with docetaxel, after a Phase III trial (AFFIRM) that showed a 4.8-month 

survival benefit in this population. Recently, the FDA expanded the approval of enzalutamide as 

first-line therapy for metastatic castration-resistant prostate cancer (mCRPC) who did not receive che-

motherapy. Moreover, enzalutamide is shown to be associated with an acceptable safety profile.

Conclusion: Enzalutamide has been shown to be both safe and effective in improving overall 

survival in metastatic castration-resistant prostate cancer postchemotherapy with docetaxel 

and as a first line treatment before initiation of chemotherapy. However, additional studies and 

head-to-head trials are needed.
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Introduction
Prostate cancer is the second leading cause of male cancer-related death in the United 

States.1,2 In fact, the American Cancer Society’s estimates for prostate cancer in the 

USA for 2015 are about 220,800 new cases of prostate cancer and about 27,540 deaths 

from prostate cancer.2 During the early phase, prostate cancer is an androgen- or 

testosterone-dependent disease. Therefore, therapy aims at decreasing serum testos-

terone levels to castrate levels (0.5 ng/mL).1 This is called androgen deprivation 

therapy (ADT). However, sensitivity to ADT varies and ranges from few weeks to 

several years (median time: 18–30 months) before it becomes castration-resistant 

prostate cancer (CRPC).1 CRPC is a state wherein reactivation of the disease occurs 

despite reducing testosterone levels below castrate levels. This state is also known as 

the hormone-refractory or androgen-independent phase.3,4 One possible mechanism 

behind this form of resistance is ligand-independent activation of the androgen receptor 

(AR), caused by the oncogenes ERBB2 or HRAS. Another mechanism includes AR 

overexpression with a functional ligand-binding domain (LBD) that was shown to be 

both necessary and sufficient to switch to the hormone-refractory stage. In addition, 

DNA mutations to the AR gene affect the LBD, causing altered response of the AR 

to hormones other than testosterone, such as estrogen or hydrocortisone, as well as 

responding to AR antagonists such as bicalutamide.5
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During this period, in which CRPC occurs in the absence 

of symptoms of metastases or minimal metastases, the current 

approved therapy includes sipuleucel-T immunotherapy.1  

When the CRPC starts to spread and metastasize, docetaxel, 

a chemotherapeutic agent, is initiated in combination with 

prednisone.1 Second-line options are available in case of 

resistance to docetaxel or intolerability of side effects. 

The main options include cabazitaxel, which is an alter-

native chemotherapeutic agent used also in combination 

with prednisone; and abiraterone, which is an inhibitor of 

cytochrome P450 (CYP) 17, an enzyme required for the 

biosynthesis of testosterone.1 In addition, a new antian-

drogen, enzalutamide, known as MDV3100 and marketed 

under the name of XTANDI® by Astellas Pharma Incorpo-

ration and Medivation Incorporation and manufactured by 

Catalent Pharma Solutions, was approved by the US Food 

and Drug Administration (FDA) on August 31, 2012 for 

the treatment of patients with metastatic castration-resistant 

pros tate cancer (mCRPC) who have previously received 

docetaxel.6 On September 10, 2014, the FDA expanded the 

approval of enzalutamide as first-line therapy for mCRPC 

patients who did not receive chemotherapy.6 Therefore, this 

review was conducted in order to describe, enhance the 

understanding of, and evaluate both the efficacy and safety 

of the FDA-approved drug, enzalutamide.

Methods for selection of literature
Recent and relevant studies were included in the review. 

Collected clinical trials were screened and evaluated. 

PubMed (2005–2015) was searched for primary literature 

and review articles using the terms enzalutamide, MDV3100, 

abiraterone, and CRPC. The search was limited to human 

studies in the English language and included both safety and 

efficacy outcomes. All of the retrieved clinically relevant 

articles were used as references for this review manuscript. 

As for the clinical trials, only Phase II and Phase III random-

ized studies were selected. Data from FDA product labels 

were also used.

Mechanism of action
Enzalutamide is a second-generation competitive inhibitor 

of AR. It impairs the AR signaling pathway on three levels – 

through inhibition of androgen binding, nuclear translocation, 

and DNA binding – and thus induces apoptosis. Though it 

has a two to three fold lower affinity for the AR than dihy-

drotestosterone, it has an eight fold higher affinity for the 

receptor than the first-generation antiandrogen bicalutamide. 

Moreover, unlike bicalutamide, enzalutamide retains its pure 

antagonism in prostate cells overexpressing AR.7–9 Therefore, 

these unique properties in the pharmacology of enzalutamide 

make it an attractive option in mCRPC.

Pharmacokinetics
Important pharmacokinetic information of enzalutamide is 

shown in Table 1.7

Renal impairment
In a study on 59 healthy males and 926 patients with  

mCRPC,  512 had normal renal function (creatinine clearance 

(CrCl): 90 mL/minute), 332 had mild renal impairment 

(CrCl: 60 mL/minute to 90 mL/minute), 88 had moderate 

renal impairment (CrCl: 30 mL/minute to 60 mL/minute), 

and 1 had severe renal impairment (CrCl: 30 mL/minute); 

the renal clearance of enzalutamide in patients with preex-

isting mild and moderate renal impairment (CrCl: 30 mL/

minute to 90 mL/minute) was not different from that in 

patients with normal kidney function. However, because only 

one patient had preexisting severe renal failure, assessment of 

renal elimination cannot be done in this population and thus 

enzalutamide use is not recommended in this category.7

Table 1 Pharmacokinetics of enzalutamide

Enzalutamide Active metabolite 
(N-desmethyl enzalutamide)

Tmax (hours) 0.5–3.0
Cmax (µg/mL) 16.6 12.7

Ctrough (µg/mL) 11.4 13
Time to reach steady state (days) 28
T1/2 (days) 5.8 (2.8–10.2) 7.8–8.6
Protein binding (%) 97–98 95
Metabolism CYP2C8→active metabolite

CYP3A4
elimination 14% in feces, 71% in urine (as inactive metabolites)

Abbreviations: Cmax, maximum (peak or highest) concentration of drug in the blood that is measured after a dose; Ctrough, minimum (trough or lowest) concentation of drug 
in the blood that is measured after a dose (right before the next dose); Tmax, time at which Cmax is observed;  T1/2, half-life - amount of time it takes for the drug concentration 
in the blood to decline by half.
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Hepatic impairment
The pharmacokinetics of enzalutamide and its active 

metabolite did not differ in mild (Child-Pugh A) to moderate 

(Child-Pugh B) liver diseases from normal liver function. 

Information for severe (Child-Pugh C) hepatic impairment 

is not available, thus enzalutamide use is not recommended 

in this category.7

Dosage and administration
Enzalutamide comes as 40 mg capsules. The daily dose is 

four capsules (160 mg) orally once daily with or without 

food and does not require coadministration of prednisone. 

If a patient develops toxicity or a side effect of grade 3 or 

higher, the drug should be stopped for 1 week or until symp-

toms improve (grade 2 or lower). The decision of whether to 

reinitiate enzalutamide at the original dose or at a decreased 

dose should be based on clinical judgment. In addition, given 

the strong interaction between enzalutamide and strong 

CYP2C8 inhibitors, the dose of enzalutamide should be 

reduced to 80 mg once daily when such coadministration 

cannot be avoided.7

Dosing in renal impairment
For CrCl 30 mL/minute, no dose adjustment is needed.  

For CrCl 30 mL/minute, use was not assessed.7

Dosing in hepatic impairment
For Child-Pugh classes A and B, no dose adjustment is 

needed. For Child-Pugh class C, use was not assessed.7

Clinical trials
The AFFIRM study (Safety and Efficacy Study of MDV3100 

in Patients With Castration-Resistant Prostate Cancer Who 

Have Been Previously Treated With Docetaxel-Based 

Chemotherapy) was a Phase III randomized, double-blind, 

placebo-controlled, multicenter trial assessing the efficacy 

and safety of enzalutamide in patients with mCRPC who 

had previously received docetaxel. A total of 1,199 male 

patients were included in the study and 800 were randomized 

to receive 160 mg enzalutamide orally once daily and 399 

received placebo. The primary end point was overall survival. 

During the study period, patients continued with their ADT 

and they were able to continue or start glucocorticoids. 

Patients were included in the study if they had a confirmed 

diagnosis of prostate cancer, castrate levels of testosterone 

50 ng/dL, previous docetaxel use, and had disease progres-

sion. On the other hand, patients who had a history of, or were 

at increased risk of, seizure were excluded from the study.10 

Table 2 indicates the overall survival of patients treated 

with enzalutamide versus placebo.7,10 In fact, enzalutamide 

provided a median 4.8-month improvement in overall sur-

vival, with a 37% reduction in risk of death. These positive 

results caused the Independent Data and Safety Monitoring 

Committee to recommend stopping the study and unblind-

ing it and shifting those on placebo to the study drug if they 

were eligible. Furthermore, 54% of patients had more than 

a 50% decrease in their baseline prostate-specific antigen 

levels in the enzalutamide group versus only 2% in the 

placebo group (P-value 0.001). It also showed superiority 

in improving quality of life, with a quality-of-life response 

rate of 43% with enzalutamide versus 18% with placebo 

(P-value 0.001). Five patients (0.6%) in the enzalutamide 

group experienced seizures as opposed to none in the pla-

cebo group. In addition, adverse events of grade 3 or higher 

were lower in patients receiving enzalutamide than in those 

receiving placebo.10 This finding suggests that part of the 

adverse effects in the placebo group were actually symptoms 

of disease progression.11

The Prevail Study is a double-blind, Phase III study where 

1,717 patients were randomly assigned to receive either 

enzalutamide (at a dose of 160 mg) or placebo once daily. 

The primary end points were radiographic progression-free 

survival and overall survival. Secondary end points included 

the time until the initiation of cytotoxic chemotherapy, the time 

until the first skeletal-related event, the best overall soft-tissue 

response, the time until prostate-specific antigen progression 

and a decline in the prostate-specific antigen level of 50% or 

more from baseline. The study showed a benefit of the active 

treatment. The rate of radiographic progression-free survival at 

12 months was 65% among patients treated with enzalutamide, 

as compared with 14% among patients receiving placebo (81% 

risk reduction; hazard ratio in the enzalutamide group, 0.19; 

Table 2 Overall survival of patients treated with enzalutamide versus placebo

 Enzalutamide (N=800) Placebo (N=399)

Deaths (%) 38.5% 53.1% 
Median survival (months) (95% Ci) 18.4 (17.3–NR) 13.6 (11.3–15.8) 
Hazard ratio for death (95% Ci) 0.63 (0.53–0.75)
P-value 0.001 

Abbreviations: CI, confidence interval; NR, not yet reached.
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95% CI, 0.15 to 0.23; P0.001). A total of 626 patients (72%) 

in the enzalutamide group, as compared with 532 patients 

(63%) in the placebo group, were alive at the data-cutoff date 

(29% reduction in the risk of death; hazard ratio, 0.71; 95% 

CI, 0.60 to 0.84; P0.001). The benefit of enzalutamide was 

shown with respect to all secondary end points, including the 

time until the initiation of cytotoxic chemotherapy (hazard 

ratio, 0.35), the time until the first skeletal-related event (hazard 

ratio, 0.72), a complete or partial soft-tissue response (59% 

versus 5%), the time until prostate-specific antigen progres-

sion (hazard ratio, 0.17), and a rate of decline of at least 50% 

in prostate-specific antigen (78% versus 3%) (P0.001 for 

all comparisons). Enzalutamide significantly decreased the 

risk of radiographic progression and death and delayed the 

initiation of chemotherapy in men with metastatic prostate 

cancer. 12 A similar trial for abiraterone has also shown positive 

results in the interim analysis. The COU-AA-302 trial was a 

randomized, controlled Phase III trial assessing the efficacy 

of abiraterone in patients with mCRPC who are naïve to che-

motherapy. Considering that the end points of overall survival 

and radio graphic progression-free survival favored abiraterone 

versus placebo, the study was unblinded and eligible patients 

were switched from placebo to abiraterone.13  Furthermore, 

one trial, the TERRAIN trial, is currently in the pipeline. It is 

a multinational, Phase II trial comparing enzalutamide with 

bicalutamide in men with early mCRPC. The study achieved 

its primary endpoint demonstrating a statistically significant 

increase in progression-free survival (PFS) for enzalutamide 

compared to bicalutamide (hazard ratio, 0.44; 95% CI, 

0.34–0.57; P0.0001). Median PFS was 15.7 months in the 

enzalutamide group compared to 5.8 months in the bicalut-

amide group. Grade 3 or higher adverse events were reported 

in 5.5% of enzalutamide-treated patients versus 2.1% of 

bicalutamide-treated patients. The results of this study showed 

that enzalutamide provides a longer duration of disease control 

in the studied patient population as compared to bicalutamide, 

but with a higher incidence of adverse effects.14

Contraindications/precautions/
adverse events/drug interactions
Contraindications
Enzalutamide is contraindicated in pregnancy. However, this 

is not the patient population targeted with this therapy.7

Precaution
In the AFFIRM study, five patients out of 800 receiving 

enzalutamide (0.6%) experienced seizures and none in the pla-

cebo group. These patients had predisposing factors such as 

brain metastasis or brain atrophy or concomitant medications, 

such as haloperidol or lidocaine, which would decrease sei-

zure threshold. In those experiencing seizures, the medication 

was discontinued and the seizures were self-resolved.10 In 

fact, enzalutamide-induced seizure is dose dependent and 

was seen at a starting dose of 360 mg/day and higher in 

the Phase I/II trials.8 One hypothesis on the mechanism by 

which enzalutamide decreases seizure threshold is by inhibit-

ing the gamma aminobutyric acid-gated chloride channel.10 

Because of the risk of seizure associated with enzalutamide 

use, caution should be taken in patients who have a history 

of seizure; patients with predisposing factors for seizure such 

as brain metastasis, stroke, and alcoholism; or patients using 

concomitant medications that may lower the seizure threshold. 

In addition, patients should be advised of the risk of engaging 

in any activity during which sudden loss of consciousness 

could cause serious harm to themselves or others.7

Adverse events
The most important adverse drug reactions that require 

monitoring are seizure, hot flashes, fatigue, diarrhea, and 

headache.7 The frequencies and severities are summarized 

in Table 3.7

Drug interactions
Being metabolized by CYP2C8 and CYP3A4, coadministra-

tion of enzalutamide with strong inhibitors or inducers of 

these enzymes should be avoided. In addition, enzalutamide 

itself is a strong CYP3A4 inducer and a moderate CYP2C9 

and CYP2C19 inducer; thus, combination with drugs metabo-

lized by these enzymes should be also avoided, especially 

with substrates with narrow therapeutic index. Important drug 

interactions with XTANDI® are depicted in Table 4.7

Cost
Enzalutamide is more expensive than abiraterone; the 

expected wholesale acquisition cost is US$7,450 for a 

30-day supply, whereas a month’s supply of abiraterone 

costs only $5,000.15,16 Thus, cost-effectiveness trials are 

further needed.

Formulary considerations
As mentioned previously, the AFFIRM trial has shown an 

additional survival benefit of 4.8 months with enzalutamide 

versus placebo. On the other hand, abiraterone increased 

overall survival by 4.6 months (hazard ratio, 0.74; P0.0001) 

in a Phase III trial assessing its efficacy in patients with 

mCRPC who previously used docetaxel versus placebo.17 

In addition, unlike enzalutamide, abiraterone is given 

with prednisone to reduce its mineralocorticoid side effect 
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Table 3 Adverse reactions of enzalutamide

Enzalutamide (N=800) Placebo (N=399)

Grades 1–4a (%) Grades 3–4b (%) Grades 1–4 (%) Grades 3–4 (%)

Asthenia and fatigue 50.6 9.0 44.4 9.3 
Back pain 26.4 5.3 24.3 4.0 
Arthralgia 20.5 2.5 17.3 1.8 
Diarrhea 21.8 1.1 17.5 0.3 
Hot flush 20.3 0.0 10.3 0.0 
Headache 12.1 0.9 5.5 0.0 
Mental impairment disorders, including amnesia,  
memory impairment, cognitive disorder,  
and disturbance in attention

4.3 0.3 1.8 0.0 

Upper respiratory tract infection, nasopharyngitis, 
sinusitis, rhinitis, pharyngitis, and laryngitis 

10.9 0.0 6.5 0.3 

Lower respiratory tract infection, pneumonia,  
bronchitis, and lung infection

8.5 2.4 4.8 1.3 

Notes: aAccording to the National Cancer institute’s Common Terminology Criteria for Adverse events, Grade 1: mild; asymptomatic or mild symptoms; clinical or 
diagnostic observations only; intervention not indicated. Grade 2: moderate; minimal, local, or noninvasive intervention indicated; limiting age-appropriate instrumental 
activities of daily living (preparing meals, shopping for groceries or clothes, using the telephone, managing money, etc). Grade 3: severe or medically significant but not 
immediately life-threatening; hospitalization or prolongation of hospitalization indicated; disabling; limiting self-care activities of daily living (bathing, dressing and undressing, 
feeding self, using the toilet, taking medications, and not bedridden). Grade 4: life-threatening consequences; urgent intervention indicated. Grade 5: death related to adverse 
events. bDose adjustment is needed for grade 3 or higher.

Table 4 Drug interactions with commonly used medications

Drugs Effect of other drugs  
on enzalutamide

Effect of enzalutamide  
on other drugs

Comments

CYP2C8 inhibitors (Gemfibrozil)
CYP3A4 inhibitors (itraconazole)

enzalutamide is potentiated by strong  
CYP2C8 inhibitors and CYP3A4 inhibitors

Avoid concomitant use, if possible. 
Dosage adjustment and monitoring 
may be necessary when used together.

CYP2C8 inducers (rifampin) enzalutamide may be antagonized by 
CYP2C8 inducers and CYP3A4 inducers

Avoid concomitant use, if possible. 
Dosage adjustment and monitoring 
may be necessary when used together.

CYP3A4 inducers (carbamazepine, 
phenobarbital, phenytoin, 
rifabutin, rifampin, rifapentine, 
bosentan, efavirenz, etravirine, 
modafinil, nafcillin, St John’s wort)

CYP3A4 substrate (midazolam)
CYP2C9 substrate (warfarin)
CYP2C19 substrate (omeprazole)

enzalutamide antagonizes 
midazolam, warfarin,  
and omeprazole 

Avoid concomitant drugs with narrow 
therapeutic indexes metabolized by 
CYP3A4 (eg, alfentanil, cyclosporine, 
dihydroergotamine, ergotamine, 
fentanyl, pimozide, quinidine, 
sirolimus, tacrolimus), CYP2C9 (eg, 
phenytoin, warfarin), and CYP2C19 
(eg, S-mephenytoin); enzalutamide may 
decrease their exposure.

Monitor iNR if concomitant warfarin 
cannot be avoided.

Abbreviations: iNR, international normalization ratio.

profile. This, however, leads to steroid-related side effects, 

such as hypokalemia (abiraterone 4.4% vs placebo 0.8%), 

 hypertension (abiraterone 1.3% versus placebo 0.3%), 

and fluid retention.17 Another interesting point is that one 

hypothesis for resistance to abiraterone was activation of 

mutant AR by the glucocorticoids. This can be inhibited with 

enzalutamide; hence, further trials are needed to assess com-

bining it with abiraterone therapy.18 Furthermore, both are 

oral medications, but enzalutamide is independent of food, 

whereas abiraterone has to be taken 2 hours before food or 

1 hour after.7 Enzalutamide also has the ability to cross the 

blood–brain barrier, which although increasing the risk of sei-

zure, makes it a suitable option when epidural or meningeal 

metastasis is present.11 The positive results of enzalutamide 

in the AFFIRM study support the notion that CRPC is not 

really androgen independent. In other words, tumor growth 

still depends on the AR signaling axis even after the tumor 

becomes castration resistant. The peculiar mode of action 

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


OncoTargets and Therapy

Publish your work in this journal

Submit your manuscript here: http://www.dovepress.com/oncotargets-and-therapy-journal

OncoTargets and Therapy is an international, peer-reviewed, open 
access journal focusing on the pathological basis of all cancers, potential 
targets for therapy and treatment protocols employed to improve the 
management of cancer patients. The journal also focuses on the impact 
of management programs and new therapeutic agents and protocols on 

patient perspectives such as quality of life, adherence and satisfaction. 
The manuscript management system is completely online and includes 
a very quick and fair peer-review system, which is all easy to use. Visit 
http://www.dovepress.com/testimonials.php to read real quotes from 
published authors.

OncoTargets and Therapy 2015:8submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

Dovepress

876

Ramadan et al

of enzalutamide on the three different levels (from ligand 

binding to signal transduction to DNA binding), its high 

affinity for the AR, its ability to retain its antagonism in cases 

of overexpression of AR, the significant increase in overall 

survival, the decrease in risk of death, and the improvement 

in quality of life have given enzalutamide a promising place 

in the therapy of prostate cancer.19,20

Moreover, the PREVAIL study showed that in men with 

minimally symptomatic or asymptomatic metastatic prostate 

cancer who had not received chemotherapy, enzalutamide sig-

nificantly delayed radiographic disease progression or death, 

the need for cytotoxic chemotherapy, and the deterioration in 

quality of life and significantly improved overall survival.12

Conclusion
Currently, administration of enzalutamide (XTANDI®) is 

approved by the FDA in patients with metastatic castration-

resistant prostate cancer (mCRPC) with previous use of 

docetaxel. It is so far the fourth drug approved for this indi-

cation after abiraterone, cabazitaxel, and sipuleucel-T.21,22 

In September 2014, the FDA expanded the approval of 

enzalutamide as a first-line therapy for mCRPC. The new 

indication is for use in men with mCRPC who have not 

received chemotherapy. It follows a priority review of the 

supplemental new drug application that was based on results 

of the Phase III PREVAIL trial in men with mCRPC and no 

previous chemotherapy.6,12 Further trials comparing enzalu-

tamide to abiraterone or cabazitaxel are needed.
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