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The normal development and functions of prostate tissue 
are androgen-dependent.[1] Androgen maintains the 

continuity of epithelial secretory activity of normal prostate 
tissue. Testosterone and dihydrotestosterone (DHT) act via 
binding to the androgen receptor (AR). The binding of DHT 
or testosterone to an AR leads to the translocation of the 
AR to the nucleus. In the nucleus, AR regulates transcrip-
tion of target genes by binding to androgen response ele-
ments of DNA. AR signaling provides the balance between 
proliferation and apoptosis of epithelial cells.[1] This balance 
deteriorates in favor of proliferation when prostate cancer 
develops. The predominant driver of prostate carcinoma is 
androgen, which acts via AR signaling. At every stage of the 
disease, AR signaling pathways play a crucial role.

According to 2014 data, the incidence of prostate cancer in 
our country, standardized by age in male individuals, is 32.9 
in 100.000; it is the second most common cancer after lung 
carcinoma. In 2014, a total of 24.601 people were diagnosed 

with prostate cancer in Turkey.[2] The primary treatment of 
metastatic prostate cancer is surgical or medical castration, 
AR blockers, and chemotherapy. The preferred first-line 
treatment for most patients with metastatic prostatic car-
cinoma is androgen-deprivation therapy (ADT). Ultimately, 
despite a castrate level of testosterone, during the treatment 
process, AR overexpression, AR mutation, the development 
of AR splice variants, cofactor upregulation of the AR, and 
extragonadal, mainly intratumoral androgen production, 
leads to progression of the disease.[3-5] This phase is called 
castration-resistant prostate cancer (CRPC). Chemotherapy, 
antiandrogens, abiraterone acetate, sipuleucel-T, and radi-
um-223 are treatment options for CRPC. 

Enzalutamide is an AR inhibitor with a 5- to 8-fold greater 
affinity to bind AR than bicalutamide (Fig. 1).[6] Bicalutamide 
has partial agonistic activity, especially in the case of AR 
overexpression, and acts as an AR agonist. Antiandrogen 
withdrawal syndrome is the clinical manifestation of this 
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agonistic affect. Enzalutamide was designed as a potent AR 
inhibitor without agonistic activity. Infact, enzalutamide is 
an AR signaling inhibitor. Unlike other antiandrogen thera-
pies, enzalutamide also inhibits nuclear translocation of an 
activated AR to androgen response elements and coacti-
vator recruitment. Enzalutamide also induces apoptosis 
while suppressing the growth of malignant prostate cells. 
These features differentiate enzalutamide from androgen-
synthesis inhibitors and other first-generation AR inhibi-
tors.[6] The efficacy of enzalutamide in prostate cancer has 
been proven in several phase II and phase III trials that are 
discussed in this review.

Efficacy

Prostate Cancer

Metastatic Castration-Resistant Prostate Cancer after 
Chemotherapy
Subsequent to the proven efficacy of enzalutamide in pros-
tate cancer in a phase I-II study, the phase III AFFIRM trial 
investigated the efficacy and safety of enzalutamide com-
pared with a placebo in the post-chemotherapy setting in 
patients with metastatic CRPC.[7, 8] A total of 1199 patients 
with an Eastern Cooperative Oncology Group (ECOG) per-
formance score of 0-1 or 2 and who had progressed ac-
cording to Prostate Cancer Clinical Trials Working Group 2 
criteria were randomized 2:1. The primary endpoint of the 
study was overall survival (OS). The interim analysis indicat-
ed that there was a significant difference in OS between the 
enzalutamide arm (18.4 months) and in the placebo arm 
(13.7 months) (hazard ratio [HR]: 0.63; p<0.001). Enzalu-
tamide reduced the risk of death by 37% compared with 
the placebo. 

This survival advantage was also observed in all subgroups. 
Enzalutamide was also found to be superior to the placebo 
in the secondary endpoints: the prostate-specific antigen 
(PSA) level response rate (54% vs. 2% p<0.001), radio-
logical progression-free survival (PFS) (8.3 months vs. 2.9 
months; p<0.001), time to PSA progression (8.3 months 

vs. 3.0 months; p<0.001), soft tissue response rate (29% vs. 
4%; p<0.001), and the length of time until the first skeletal-
related event (16.7 months vs. 13.3 months; p<0.001).

When the patients were stratified according to the baseline 
Gleason Scores, a median OS of patients who had Gleason 
Score of 7 or less was 18.4 months with enzalutamide and 
14.8 months with the placebo (HR: 0.67; 95% confidence 
interval [CI]: 0.51-0.88). In patients with a Gleason Score of 
8 or more, the median OS was 18.2 months in the enzalu-
tamide arm and 11.3 months in the placebo arm (HR: 0.60; 
95% CI: 0.47-0.76). According to these unpublished AFFIRM 
results, enzalutamide is effective in metastatic CRPC, inde-
pendent of the Gleason Score.

Metastatic CRPC Before Chemotherapy
The PREVAIL study is a phase III trial that evaluated the effi-
cacy and safety of enzalutamide compared with a placebo 
in patients with chemotherapy-naive metastatic CRPC.[9] A 
total of 1717 asymptomatic or mildly symptomatic meta-
static prostate cancer (including visceral organ metastasis) 
patients were included in the study. The primary endpoints 
were the radiographic PFS and OS. At the 12-month follow-
up, treatment with enzalutamide was observed to provide 
an 81% reduction in the risk of death or radiographic pro-
gression (HR: 0.19; 95% CI: 0.15-0.23; p<0.001), and the rate 
of radiographic PFS was 65% in the enzalutamide group 
and 14% in the placebo group. The median duration of 
enzalutamide treatment was more than 3-times longer 
than the placebo (16.6 months vs. 4.6 months). The mortal-
ity rate was lower in the enzalutamide group than in the 
placebo group (28% vs. 35%). Treatment with enzalutamide 
demonstrated a survival advantage, with a 29% decrease in 
the risk of mortality (HR: 0.71; 95% CI: 0.60-0.84; p<0.001). 
At a preplanned interim analysis after 22 months, the me-
dian OS was longer in the enzalutamide group than in the 
placebo group (32.4 months vs. 30.2 months; p<0.001). The 
radiographic PFS and OS also favored enzalutamide in all 
of the previously described subgroups. At the end of this 
interim analysis, the study was terminated in order to allow 
the crossover of the patients from the placebo arm to the 
enzalutamide arm. Among patients who had a measurable 
visceral metastasis at baseline, the objective response rate 
was 59% in the enzalutamide group, and 5% in the placebo 
group (p<0.001). Enzalutamide was also found to be su-
perior to the placebo in measurements of secondary end-
points. Treatment with enzalutamide delayed the median 
time to the initiation of conventional chemotherapy (28.0 
months vs. 10.8 months; p<0.001). Enzalutamide also re-
duced the risk of a first skeletal-related event (32% vs. 37%; 
p<0.001) at median 31 months of treatment. 

Updated results of the PREVAIL study were published in 

Figure 1. Molecular schema of enzalutamide.
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2017.[10] The median radiographic PFS in the enzalutamide 
group was 20.0 months, while it was 5.4 months in the pla-
cebo group. Enzalutamide treatment reduced the risk of ra-
diologic progression or death by 68% (HR: 0.32; p<0.0001). 
In all, 81% of the patients in the placebo group received 
subsequent antineoplastic treatments (29.5% received 
enzalutamide), and enzalutamide treatment resulted in a 
23% reduction in the risk of mortality (HR: 0.77; p=0.0002). 
After 31 months of follow-up, the median OS was 35.3 
months and 31.3 months in the enzalutamide and in the 
placebo group, respectively. In the enzalutamide arm, 52% 
of the patients received subsequent antineoplastic treat-
ments. Despite the crossover and treatment after progres-
sion, it was demonstrated that enzalutamide maintained 
the survival benefit in comparison with the placebo. The 
AFFIRM and PREVAIL trials showed the clinical effective-
ness of enzalutamide in patients groups treated with first-
line chemotherapy and the chemotherapy-naive.

Once the prostate cancer becomes castration-resistant, 
adding bicalutamide or other androgen receptor blockers 
to castration provides a minor clinical benefit for a short 
period of time.[11, 12] Enzalutamide, which provides stronger 
androgen suppression than bicalutamide, has been com-
pared with bicalutamide in patients with metastatic CRPC 
in 2 head-to-head phase II studies.

In the TERRAIN study, the efficacy of adding bicalutamide 
or enzalutamide to ADT was investigated in patients with 
metastatic CRPC.[13] A total of 375 patients were random-
ized 1:1 and PFS was the primary endpoint. The median PFS 
was 15.7 months in the enzalutamide arm, and 5.8 months 
in the bicalutamide arm. There was a significant PFS im-
provement in the enzalutamide arm compared with the bi-
calutamide arm (HR: 0.44; 95% CI: 0.34–0.57; p<0.0001). The 
median time to a PSA progression was longer in the enzalu-
tamide group (19.4 months vs. 5.8 months; p<0.0001). A 
PSA decline of at least 50% was noted in 82% and 21% of 
patients in the enzalutamide and bicalutamide arms, re-
spectively. The median time to a 50% or greater PSA de-
cline from the baseline was 2.8 months (95% CI: 2.8–2.8) in 
the enzalutamide arm. However, the median time was not 
reached in the bicalutamide arm because a few patients 
had a 50% PSA decrease or more (HR: 7.01; 95% CI: 4.83–
10.16; p<0.0001). Among the patients who had measurable 
soft tissue lesions at the initial assessment, the objective 
response rate was 37% (26 of 70 patients) in the enzalu-
tamide arm, and 2 patients had a complete response. In the 
bicalutamide arm, the objective response rate was 7% (5 of 
71 patients) (p<0.001).

In the phase II STRIVE study, 396 patients were random-
ized 1:1 into bicalutamide and enzalutamide groups to 

compare the efficacy and safety in patients with metastatic 
and non-metastatic CRPC.[14] The primary endpoint was 
PFS. The median PFS was 19.4 months in the enzalutamide 
arm and 5.7 months in the bicalutamide arm. Enzalutamide 
treatment resulted in a 76% reduced risk of progression or 
death compared with bicalutamide (HR: 0.24; 95% CI: 0.18-
0.32; p<.001). Among those with nonmetastatic CRPC, the 
median PFS was not reached with enzalutamide, and it was 
8.6 months with bicalutamide (HR: 0.24; 95% CI: 0.14-0.42). 
The median PFS was 16.5 months for those with meta-
static CRPC who received enzalutamide, and 5.5 months 
for those treated with bicalutamide (HR: 0.24; 95% CI: 0.17-
0.34). Enzalutamide was also superior to bicalutamide in 
both patients with metastatic and nonmetastatic CRPC 
with respect to the secondary endpoints (PSA progression, 
PSA response). Among those with metastatic disease, the 
risk of radiographic progression or death decreased 68% 
with enzalutamide treatment compared with bicalutamide 
(HR: 0.32; 95% CI: 0.21-0.50; p<0.001). In nonmetastatic pa-
tients, the risk decreased 76% (HR: 0.24; 95% CI: 0.10-0.56; 
p<0.001). 

These 2 studies demonstrated that the addition of enzalu-
tamide to ADT in metastatic CRPC patients provided a sig-
nificant PFS benefit compared with bicalutamide. In ad-
dition, the STRIVE study revealed that enzalutamide also 
prolongs PFS in patients without metastasis. The phase III 
PROSPER study also supports these results.[15] Patients with 
nonmetastatic CRPC and a PSA doubling time ≤10 months 
and a PSA ≥2 ng/mL were randomized 2:1 into enzalu-
tamide 160 mg and placebo groups while continuing ADT. 
The primary endpoint of the PROSPER trial was metastasis-
free survival (MFS). The median MFS was significantly lon-
ger in the enzalutamide arm (36.6 months vs. 14.7 months; 
p<0.0001). Enzalutamide also significantly prolonged 
the time to PSA progression (37.2 months vs. 3.9 months; 
p<0.0001]). 

Hormone-naive Prostate Cancer
The first-line treatment for advanced or metastatic pros-
tatic carcinoma is ADT or ADT plus docetaxel. ADT is con-
tinued through subsequent treatments after the develop-
ment of resistance to castration. ADT causes osteoporosis, 
sarcopenia, a decreased libido, fatigue, and abnormalities 
in glucose and lipid profiles. With new treatment modali-
ties, the life expectancy of patients with prostate cancer 
is longer, and the safety and quality of life have become 
increasingly important. Anti-androgen treatment without 
ADT is an alternative with a different safety profile. Analy-
sis of studies that compared bicalutamide with castration 
(medical or surgical) showed that there is no OS difference 
in nonmetastatic patients, whereas castration provides an 
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OS advantage in metastatic cases.[16, 17] 

Enzalutamide has also been tested in hormone-naive pros-
tatic cancer. A group of 67 hormone-naive prostate cancer 
patients (26 metastatic) were enrolled in an open-label 
phase II trial to assess the efficacy and safety of enzalu-
tamide. In 62 patients, a PSA response (decline of 80% or 
more by week 25) was noted.[18] At the second year, 67% 
of the patients were on treatment, and 73% of these had a 
PSA level of 0.1 ng/mL or less. Of the 26 patients with meta-
static disease, 50% achieved a complete tumor response 
and 15% a partial response.[19] The antitumor activity of 
enzalutamide is maintained at the third year.[20] Enzalu-
tamide is highly active in hormone-naive prostatic cancer, 
as well as in the castrate-resistant state.

The ENZAMET (NCT02446405), ARCHES (NCT02677896) 
and EMBARK (NCT02319837) studies to investigate the 
safety and efficacy of enzalutamide in different clinical con-
ditions in cases of hormone-naive prostate cancer are still 
ongoing. 

Breast Cancer

Breast cancer, like prostatic carcinoma, is hormonally reg-
ulated. AR and estrogen receptors (ER) have some similar 
biologic properties.[21] Androgens cause the proliferation 
of AR-positive breast cancer cells.[22] Nearly 60% of early 
breast cancer is AR-positive. ER-positive early tumors had 
more AR-positivity than ER-negative tumors (74.8% vs. 
31.8%). The OS improved in AR-positive early breast can-
cer.[23] There are controversial reports about the prognostic 
impact of AR on triple-negative breast cancer (TNBC).[24-26] 
One-third of TNBC cases demonstrate the expression of AR; 
therefore, the AR pathway may be a therapeutic target. In 
vivo and in vitro models have indicated that enzalutamide 
inhibited androgen-mediated growth in ER-negative tu-
mors.

A single-arm phase II study evaluating the safety and an-
titumor activity of enzalutamide in AR-positive TNBC has 
been published.[27] The primary endpoint was clinical ben-
efit rate at week 16. The clinical benefit rate was 25% at 
week 16 in the intent-to-treat population (ITT) and 33% in 
patients whose tumor expressed 10% or more AR (evalu-
able group). The median PFS and OS was 2.9 months and 
12.7 months, respectively, in the ITT group and 3.3 months 
and 17.6 months, respectively, in the evaluable group. The 
clinical benefit rate, disease-free survival and OS were nu-
merically higher in the evaluable group. This study dem-
onstrated the clinical activity of enzalutamide in advanced 
AR-positive TNBC. 

Several cancers, including that of the bladder, pancreas, 
renal cell, ovaries, salivary gland tumors, and the endome-

trium, express AR. There are also ongoing studies examin-
ing the efficacy and safety of enzalutamide on these AR-
expressing tumors.[28]

Safety

Patient-Reported Outcomes

In most clinical studies, patient-reported outcomes are an 
important endpoint. In the practice of oncology, the aim 
while struggling for longer survival is to not reduce the 
quality of life (QoL) of the patients, and when possible, to 
improve it. It is becoming more important to protect or 
enhance the quality of life in prostate cancer cases, where 
survival is longer than some other malignancies. Health-
related quality of life (HRQoL) parameters have prognostic 
significance for PFS and OS in metastatic CRPC.[29] The Func-
tional Assessment of Cancer Therapy-Prostate (FACT-P) has 
been used in major trials of enzalutamide to evaluate pa-
tient reported HRQoL. 

In both the AFFIRM and the PREVAIL trials, enzalutamide 
significantly improved QoL and the median time to QoL 
deterioration. FACT-P deterioration was observed in 47% 
and 59% of the patients in the enzalutamide and the pla-
cebo arms, respectively, in the AFFIRM trial (p=0.001).[8] In 
the 2 studies described here that compared enzalutamide 
with bicalutamide, the length of time to deterioration was 
longer in the TERRAIN trial. In the STRIVE study, which in-
cluded non-metastatic patients, the median time to de-
terioration was not different in the 2 arms. In this study, 
approximately 1 of 3 patients was not metastatic and was 
less symptomatic, which may have contributed to the 
non-significant difference. (Table 1) The Brief Pain Inven-
tory- Short Form (BPI-SF) is a tool used to determine pain 
intensity and interference with daily activity. In the AFFIRM 
study, enzalutamide treatment had significantly improved 
both pain interference scores and pain severity at week 
13. Fewer patients at week 13 had pain progression in the 
enzalutamide arm compared with the placebo arm (28% 
vs. 38%; p=0.0018).[29] In the PREVAIL trial, pain progression 
at week 13 was also low in the enzalutamide arm (29% vs. 
42%; p<0.001). Enzalutamide treatment improves quality 
of life as well as the success of treatment in CRPC and pro-
vides a reduction in pain progression.

Adverse Events
The most frequently reported adverse events with enzalu-
tamide were fatigue, musculoskeletal pain (back pain), and 
hot flushes. Despite the fact that the duration of treatment 
in the enzalutamide arm was longer than that of the pla-
cebo or the standard treatment arm, treatment withdrawal 
rates due to adverse events were almost the same (Table 2). 
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Grade 3 or higher hypertension was more often observed 
in the enzalutamide group than in the placebo group in 
the PREVAIL trial (13% vs. 4%), and more often than in the 
bicalutamide group in the STRIVE trial (10 patients vs. 3 
patients) and the TERRAIN trial (13 patients vs. 8 patients). 
In a meta analysis, side affects of enzalutamide and other 
aleternative drug, abiraterone were assessed. All-grade (RR 
1.28 - 95% CI 1.06-1.55) and grade ≥3 (RR 1.76 - 95% CI 1.12-
2.75) cardiovascular event risk was higher with abirateron 
however there was no increase in risk of all-grade (RR 1.06 
- 95% CI 0.67-1.65) or grade ≥3 (RR 0.81 - 95% CI 0.28-2.33) 
cardiovascular events in enzalutamide treated patients. All-
grade fatigue was significantly higher in the enzalutamide 
group (RR: 1.29; 95% CI: 1.15-1.44).[30]

Since hypothalamohypophyseal system is not inhibited in 
patients with hormone-naïve disease, AR blockage causes 
elevated levels of testosterone, luteinizing hormone (LH) 
and sex hormone-binding globulin. LH and testosterone 
levels increased rapidly through the fifth week of treat-

ment. Therefore, different side effects from those usually 
seen emerged in patients without ADT. The main adverse 
events observed in these patients were gynecomastia 
(49%), fatigue (39%), nipple pain (21%), and hot flashes 
(21%).[19]

After oral administration of enzalutamide, more than 84% 
was rapidly absorbed.[31] It can be taken with or without 
food. It reaches steady-state concentration by 28 days of 
daily administration. Enzalutamide is mainly metabolized 
in the liver by CYP2C8 and CYP3A4; the major metabolites 
are active N-desmethyl enzalutamide and inactive carbox-
ylic acid.[7, 32] The primary elimination route of enzalutamide 
is through the liver. Carboxylic acid is excreted by the kid-
neys.[7, 31] The analysis of two phase I studies conducted 
with patients with hepatic impairment (Child-Pugh class A: 
6 patients, class B: 8 patients, and class C: 8 patients) but 
without prostatic carcinoma showed that enzalutamide 
was well tolerated and did not cause significant drug-relat-
ed laboratory abnormalities. Single-dose pharmacokinet-
ics were not different in patients with hepatic impairment 
and healthy controls. The authors suggested that no dose 
adjustment was necessary while treating these patients.
[33] In patients with severe hepatic impairment, the half-life 
of enzalutamide is 2 times longer than in healthy subjects, 
but the clinical significance of this is not known yet. Patients 
with severe hepatic impairment have not been included in 
the clinical trials, and since there is no clinical information 
related to long-term use, treatment decisions should be 
made considering the benefit-loss ratio. There is no need to 
reduce the dose in patients with a creatinine clearance level 
greater than 30mL/minute. There is insufficient data in cases 
where the creatine clearance level is less than 30 mL/minute. 
Enzalutamide and its metabolites are not dialyzable.[34]

Enzalutamide has a similar efficacy in younger patients and 
in those 75 years of age and older. In the AFFRIM study, 
all-grade fatigue, diarrhea, and peripheral edema were 

Table 1. Patient reported outcomes

Trial	 Treatment	 Median duration to		  Improvement in QoL
			   QoL deterioration	

Affirm	 Enzalutamide	 9 months		  43 %
		  Placebo	 3.7 months	 p<0.001	 18 %	 p<0.001
Prevail	 Enzalutamide	 11.3 Months		  40%
		  Placebo	 5.6 Months	 p<0.001	 23%	 p<0.001
Terrain	 Enzalutamide	 13.8 Months		  33%
		  Bicalutamid	 8.5 Months	 p=0.006	 22%	 p=0.026
Strive	 Enzalutamide	 8.4 months
		  Bicalutamid	 8.3 months	 p=0.49	 NR	

QoL: Quality of life.

Table 2. Median treatment durations and drug discontiuation rates 
due to AE in enzalutamide trials                     
		  Median duration	 Drug discontinuation
 		  on treatment	 rate due to AE 
Affirm

Enzalutamide	 8.3	 7.6%
Placebo	 3.0	 9.8%

Prevail
Enzalutamide	 16.6	 5.6%
Placebo	 4.6	 6.0%

Terrain
Enzalutamide	 11.7	 7.6%
Bicalutamide	 5.8	 6.2%

Strive
Enzalutamide	 14.7	 8.1%
Bicalutamide	 8.4	 6.1%
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most common the most common advers events in these 
patients.[35] In the PREVAIL trial, the overall incidence of 
falls increased in patients older than 75 years.[36] Grade 3 
or greater cardiac events were more common in patients 
older than 75 years of age in both the enzalutamide and 
the bicalutamide arms.[37]

Seizures

In a phase I-II study, there were 2 witnessed seizures at dos-
es of 600 mg and 360 mg per day, and 1 possible seizure at 
480 mg per day. The effect of enzalutamide on seizures is 
unclear; the patients who had seizures were concurrently 
using drugs that could lower the seizure threshold, and 
they also had comorbidities that could facilitate a seizure.[7] 
Foster et al.[38] found that as a class affect, an AR antagonist 
at high doses caused convulsions in laboratory animals. 
The seizure risk increases with a greater drug concentration 
in the brain. As an off-target effect, AR antagonists inhibit 
currents created by gamma-aminobutyric acid (GABA)-A. 
The authors proposed that GABA-A current inhibition was 
the cause of the seizures.

Patients with a history of seizures and who have any medical 
condition that pre-disposes them to seizures are not recruit-
ed in clinical trials. In the AFFIRM trial, 5 of 800 patients treat-
ed with enzalutamide (0.6%) had seizures. No patients in the 
placebo arm had seizures. The seizures occurred 31 to 603 
days after initiation of enzalutamide.[7] In the PREVAIL study, 
1 of 871 patients (0.1%) treated with enzalutamide and 1 
of 844 patients (0.1%) in the placebo arm had seizures.[9] In 
addition, 1 patient in the STRIVE trial, and 2 patients in the 
enzalutamide arm and 1 in the bicalutamide arm of the TER-
RAIN trial had a seizure. When examined in detail, it can be 
seen that almost all of the patients in the studies had factors 
that may cause seizures. In patients with seizures, treatment 
was completely terminated and all recovered. The most im-
portant risk factor for the occurrence of a seizure in patients 
with metastatic CRPC is a seizure history.[39] In contrast, the 
data results of the UPWARD trial demonstrated no increased 
risk of seizure in enzalutamide-treated patients who had po-
tential risk factors for seizures.[40] 

Patients taking enzalutamide should avoid combination 
with medicines that reduce the seizure threshold and they 
should be closely monitored in the event of a history of 
neuropsychiatric disease, head trauma, cerebrovascular 
event, or brain metastasis.

Resistance to Enzalutamide
Acquired resistance to enzalutamide invariably emerges 
despite the impressive clinical activity in patients with 
prostate cancer. AR mutations, chiefly in the ligand-bind-

ing domain of the receptor, cause the development of anti-
androgen resistance and progression of prostate cancer. 
Marcelli et al.[41] reported that 21% of patients with advanced 
prostate cancer had an AR mutation, while none of the pa-
tients with early stage disease had a mutation. A T877A mu-
tation is frequently detected in CRPC.[42] Antagonistic activity 
of enzalutamide is maintained in the T887A-mutated AR.[6, 42] 
Another important mutation in the ligand-binding domain 
of the androgen receptor is F876L. Enzalutamide-resistant, 
F876L mutations emerge when prostate cancer cells are cul-
tured in the presence of enzalutamide. Enzalutamide demon-
strates agonist activity at ARs containing this mutation.[43, 44] 

Alternative splicing of exons results in a truncated form 
of AR that lacks ligand-binding domains. There are many 
different AR splice variants (AR-V) that cause resistance 
to ADT.[45] In CRPC, AR-V7 and AR-V1 are more frequently 
expressed.[45] Overexpression of AR-V1 does not affect the 
treatment outcome. Particularly AR-V7 and other AR-Vs are 
associated with progression of prostate cancer and a poor 
prognosis.[46] In the absence of androgens, AR-V7 is consti-
tutively active.[47] AR-V7 also has the ability to dimerize with 
itself, other AR-Vs, and full-length AR, independent from 
androgens, and dimerization activates target genes and 
contributes to tumor growth and the transition to CRPC.[48]

A study investigating AR-V7 expression in circulating tumor 
cells (CTCs) of 62 metastatic CRPC patients treated with 
enzalutamide (31 patients) or abiraterone (31 patients) 
found that of all of the AR-V7-positive patients, neither 
those treated with enzalutamide (12 patients) nor those 
treated with abiraterone (6 patients) had a PSA response 
(50% or more decline). However in a patient treated with 
enzalutamide, a PSA decline of around 30% was noted. PSA 
progression-free survival was shorter in AR-V7-positive pa-
tients in both groups. Subsequently, during the course of 
treatment, 6 of 42 AR-V7-negative patients with available 
follow-up samples (4 receiving enzalutamide and 2 receiv-
ing abiraterone) converted to AR-V7-positive status.[49] AR-
V7–positive patients had an inferior OS compared with 
AR-V7-negative patients in both the enzalutamide (HR: 6.9; 
95% CI: 1.7–28.1; p=0.002) and the abiraterone (HR: 12.7; 
95% CI: 1.3–125.3; p=0.006) groups.[50] The expansion phase 
of this study, which included 202 patients, confirmed the 
earlier finding of an association with a poorer PSA response 
and shorter OS in patients treated with enzalutamide or 
abiraterone.[51] In contrast, Bernamann et al.[52] analyzed 21 
CRPC patients with AR-V7-positive CTCs, and 6 experienced 
a benefit from either enzalutamide or abiraterone treat-
ment. Four of the 6 patients displayed a PSA decrease of 
more than 50%. When AR-V7 positivity is detected in the 
CTCs, this finding is extrapolated to the whole tumor. Mi-
yamoto et al.[53] analyzed CTCs on the single-cell level and 
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demonstrated the differences between CTCs and primary 
tumors, as well as heterogeneity within individual patients 
using RNA profiling. Therefore, AR-V7 detection with CTCs 
may not be a reliable method to decide treatment.

The glucocorticoid receptor pathway, cross-talk of the AR 
pathway, with other signaling pathways are other resis-
tance mechanisms in prostate cancer.

Conclusion
Prostate cancer is a common and complex disease with a 
relatively longer survival than other cancer. Enzalutamide 
is an AR-signaling inhibitor with a 5- to 8-fold greater affin-
ity to bind AR then bicalutamide. It also induces apoptosis 
of prostate cancer cells. The efficacy of enzalutamide in the 
treatment of prostate cancer has been demonstrated in 
various settings. It is also associated with improved survival 
and HRQoL, and has a favorable side effect profile.
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