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ABSTRACT 

Background: Before the androgen target therapy era, flutamide was widely used for castration-

resistant prostate cancer in Japan. Enzalutamide is currently the recommended treatment; however, 

the efficacy and safety of enzalutamide and flutamide after combined androgen blockade therapy 

with bicalutamide, has not been compared.  

Methods: Patients with castration-resistant prostate cancer who received combined androgen 

blockade therapy with bicalutamide were randomly assigned to receive either enzalutamide or 

flutamide. The primary endpoint for efficacy was the 3-month prostate-specific antigen response 

rate. This trial is registered with ClinicalTrials.gov (NCT02346578) and the University hospital 

Medical Information Network (UMIN000016301) 

Results: Overall, 103 patients were enrolled. The 3- (80.8% vs. 35.3%; p<0.001) and 6-month 

(73.1% vs. 31.4%; p<0.001) prostate-specific antigen response rates were higher in the 

enzalutamide than in the flutamide group. The 3-month disease progression rates (radiographic 

or prostate-specific antigen progression) were 6.4% and 38.8% in the enzalutamide and flutamide 

groups, respectively (hazard ratio [HR]: 0.16; 95% confidence interval [CI]: 0.05–0.47; p<0.001); 

the 6-month rates were 11.4% and 51.1%, respectively (HR: 0.22; 95% CI: 0.09–0.50; p<0.001). 

Enzalutamide provided superior prostate-specific antigen progression-free survival compared 

with flutamide (HR: 0.29; 95% CI: 0.15–0.54; p<0.001). Median time to prostate-specific antigen 
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progression-free survival was not reached and was 6.6 months in the enzalutamide and flutamide 

groups, respectively. 

Conclusions: As an alternative anti-androgen therapy in patients with castration-resistant prostate 

cancer who fail bicalutamide-combined androgen blockade therapy, enzalutamide provides 

superior clinical outcomes compared with flutamide. Enzalutamide should be preferred over 

flutamide in these patients. 

 

Keywords: castration-resistant prostate cancer; enzalutamide; flutamide; randomized controlled 

trial 
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INTRODUCTION 

Although prostate cancer has previously been more common in Western than in Asian 

populations, its incidence and mortality has been increasing in Japan in recent years, owing to the 

aging population and the Westernization of diets [1-3]. Androgen deprivation therapy is the 

primary standard therapy for metastatic hormone-sensitive prostate cancer worldwide. However, 

despite its high cost, combined androgen blockade (CAB) therapy comprising bicalutamide and 

a luteinizing hormone-releasing hormone analog is generally used in Japan owing to excellent 

long-term outcomes [4,5]. Moreover, a recent propensity score matching analysis revealed that 

CAB prolongs progression free survival in patients with prostate cancer [6]. Patients often 

progress, however, to castration-resistant prostate cancer (CRPC). The Japanese clinical practice 

guidelines for prostate cancer, 2012 recommended alternative anti-androgen therapy (AAT) with 

flutamide after CAB therapy with bicalutamide (Bic-CAB) for CRPC with good response to initial 

Bic-CAB therapy. In a Japanese cohort, the response rate of AAT with flutamide, defined as a 

decrease of >50% from the baseline serum prostate-specific antigen (PSA) level, was 22% or 34% 

[7,8]. AAT response rate variability may result from variable pharmacological effects or point 

mutations in androgen receptor (AR) genes that confer drug resistance to bicalutamide and/or 

flutamide [9]. Although there is no evidence to support the fact that flutamide as AAT prolongs 

overall survival (OS), some efficacy has been observed in terms of the PSA response, [7,8] and 
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we have observed long-lasting positive effects of AAT with flutamide in clinical practice. 

Furthermore, responders to AAT with flutamide have shown high cancer-specific survival rates 

[8]. In contrast, enzalutamide was approved as a novel therapeutic agent for CRPC in the US, 

Europe, and Japan, in 2012, 2013, and 2014, respectively; it is now used widely. In addition to 

AR antagonism, enzalutamide suppresses androgen signaling through various mechanisms 

including the inhibition of coactivator binding, impairment of nuclear translocation, and 

inhibition of binding to target gene receptor binding sequences; it also induces apoptosis [10]. 

CRPC demonstrates AR overexpression and coactivator activation, non-AR dependent signaling 

reinforcement, AR gene mutations, and elevated intracellular androgen concentrations. Therefore, 

based on its mechanisms of action, it should promote tumor regression [11,12]. Enzalutamide, 

abiraterone, and docetaxel were listed as the first-choice drugs for CRPC in the Japanese clinical 

practice guideline for prostate cancer, 2016 [13]. Furthermore, although flutamide is still widely 

used after Bic-CAB in clinical practice, recommendations for its use as AAT have been removed 

from clinical guidelines. 

In the previous PREVAIL and AFFIRM studies, which were randomized, placebo-controlled, 

double-blind phase III studies in pre- or post-docetaxel metastatic CRPC, enzalutamide 

significantly improved OS, radiographic progression-free survival (rPFS), and time to PSA 

progression [14,15]. Furthermore, in the TERRAIN and STRIVE studies, which were randomized, 
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placebo-controlled, double-blind phase II studies comparing enzalutamide to bicalutamide, 

enzalutamide significantly prolonged progression-free survival (PFS), rPFS, and time to PSA 

progression [16,17]. However, no previous studies have directly compared the efficacy of 

enzalutamide and flutamide in AAT. Therefore, this multi-center, prospective, randomized study 

aimed to compare the efficacy of flutamide as AAT with that of early-initiated enzalutamide, 

following Bic-CAB in patients with CRPC. 
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PATIENTS AND METHODS 

Study Design 

The OCUU-CRPC study was a phase II, investigator-initiated, multi-center, open-labeled, 

randomized clinical trial comparing enzalutamide with flutamide as AAT in patients with CRPC 

after Bic-CAB therapy. The study was approved by the ethics committees of all participating 

institutions, and was conducted according to the Declaration of Helsinki, the International 

Conference on Harmonisation - Good Clinical Practice, and the Ethical Guidelines for Medical 

and Health Research Involving Human Subjects. All patients provided written informed consent. 

The OCUU-CRPC study is registered at ClinicalTrials.gov (NCT02346578) and with the 

University hospital Medical Information Network (UMIN000016301). 

 

Study Participants 

The study population comprised patients with CRPC, who were previously treated with Bic-

CAB, had serum testosterone levels of <50 ng/dL (1.73 nmol/L), and had progressive disease after 

confirmation of anti-androgen withdrawal syndrome. Disease progression was either diagnosed 

radiologically based on the Response Evaluation Criteria in Solid Tumors (RECIST) version 1.1 

or by PSA progression. PSA progression was defined as a consecutive increase in  PSA levels 

estimated at least thrice at 1-week intervals, with a final level of ≥2 ng/mL [18]. Patients were 
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randomly assigned to the enzalutamide (160 mg/day, 4 × 40 mg capsules once daily) or the 

flutamide (375 mg/day, 125 mg tablets thrice daily) groups in a 1:1 ratio by dynamic allocation, 

based on the metastatic status (M0 or M1) M0 was defined as the absence of bone metastases on 

bone scans, and the absence of soft-tissue disease; M1 was defined as bone metastases on bone 

scans or soft-tissue metastasis, including nodal involvement above the aortic bifurcation. 

Treatment was continued until the patient met the criteria for changing or discontinuing treatment. 

Treatment was changed in the event of occurrence of adverse effects (AEs) causing difficulties in 

continuing medication, worsening of symptoms, disease progression on radiography based on 

RECIST (version 1.1), or PSA progression based on the Prostate Cancer Working Group 2 criteria, 

as follows: (1) PSA increase of ≥25% and an absolute increase of ≥2 ng/mL above the nadir, 

which is confirmed by a second value obtained 3 or more weeks later, in case of decline, or (2) a 

PSA increase of ≥25%, and an absolute increase of ≥2 ng/mL after 12 weeks in case of no decline 

from the baseline. Treatment was discontinued in cases of withdrawal of consent, death, transfer 

to another hospital, or at the investigator’s discretion. If flutamide was discontinued, enzalutamide 

was considered to be the primary drug for subsequent treatment. Patients were followed up until 

September 2018, irrespective of their date of registration. The inclusion and exclusion criteria 

have been mentioned previously [19]. 
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Study End Points 

The primary endpoint was the 3-month PSA response rate (i.e. the proportion of patients whose 

PSA had decreased by ≥50% when measured at the third month from baseline). The secondary 

endpoints were: (1) 3-month disease progression rate, (2) 6-month PSA response rate, (3) 6-month 

disease progression rate, (4) PSA progression-free survival (PSA-PFS) calculated for the initial 

drug in each arm, and (5) AEs for safety. Patients who required switching to other treatments from 

initial enzalutamide therapy owing to disease progression within 6 months, were considered to be 

“non-responders” irrespective of the efficacy of subsequent treatment. In addition, in patients 

requiring switching from flutamide to enzalutamide, the PSA response rates were calculated to 

determine the efficacy of enzalutamide in this group. 

 

Statistical Analysis 

In previous studies, 75% and 35.4% of patients treated with enzalutamide and flutamide, 

respectively, showed a 50% decrease in PSA at 3 months from the initiation of treatment [14,8]. 

In the present study, the total number of patients required to confirm the superiority of 

enzalutamide over flutamide with a superiority margin of 5%, detection power of 90%, and one-

sided significance of 0.025 was estimated to be 82, with 41 in each group. Therefore, a target of 
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100 total patients with 50 patients in each group was set, to make allowance for those leaving the 

study. 

The full data set was used for the primary and secondary endpoints, and the safety analysis 

set was used for safety assessment. For the primary endpoint, we calculated the proportion of 

patients with a ≥ 50% decrease in PSA from baseline at 3 months in each group, as well as the 

difference between the groups with 95% confidence intervals (CI). The Mantel-Haenszel test was 

used for the analysis, using metastatic status (present/absent) at baseline as a stratification factor. 

Regarding the secondary endpoints, the proportion of patients with a ≥ 50% decrease in PSA from 

baseline at 6 months, and the rates for ≥ 50% decline in disease progression from baseline at 3 

and 6 months, were calculated for each group. The intergroup differences in rates and 95% CIs 

were also calculated. The Mantel-Haenszel test was used for analysis, with metastatic status at 

baseline as a stratification factor. For PSA-PFS, a resurgence in PSA was treated as an event, and 

discontinuation or leaving the study for other reasons were treated as data cut-off points. If there 

was no resurgence in PSA by the end of the observation period, the level at the end of the 

observation period was treated as the cut-off. Survival rates by study group were estimated using 

the Kaplan-Meier method and were analyzed using the stratified log-rank test, using metastasis 

status at baseline as a stratification factor. Intergroup hazard ratios (HRs) and 95% CIs were also 

calculated. For the safety endpoint, we aggregated the frequency and prevalence of AEs or 
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adverse reactions occurring after baseline, by study group. All statistical analyses were performed 

using the SAS Version 9.4 (SAS Institute Inc., Cary, NC, USA) software package, and P<0.05 

was considered statistically significant. 
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RESULTS 

Patients and Treatment Duration 

A total of 103 patients recruited from 15 institutions in Japan between February 6, 2015 and 

February 14, 2018, were randomized to either the enzalutamide group (n=52) or the flutamide 

group (n=51) by dynamic allocation, based on the metastatic status (M0, M1) (Figure 1). All 

patients received at least one dose of either study drug. The patient enrollment flow chart is shown 

in Figure 1. The baseline demographic and disease characteristics are shown in Table 1. 

 

Efficacy 

Primary endpoint 

The 3-month PSA response rate was significantly higher in the enzalutamide group than in the 

flutamide group (80.8% vs. 35.3%; p<0.001). The mean percent change in PSA from baseline to 

3 months was -83.2 and -6.1% in the enzalutamide and flutamide groups, respectively (Table 2, 

Figure 2). 

Secondary endpoints 

The 3-month disease progression rates in the enzalutamide and flutamide groups were 6.4% 

and 38.8%, respectively (HR: 0.16; 95% CI: 0.05–0.47; p<0.001), while the corresponding 6-

month disease progression rates were 11.4% and 51.1%, respectively (HR: 0.22; 95% CI: 0.09–
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0.50; p<0.001). 

The 6-month PSA response rate was significantly higher in the enzalutamide than the flutamide 

group (73.1% vs. 31.4%; p<0.001; Table 2). The mean percentage maximum PSA decline from 

baseline in the entire observational period was -85.4% and -36.0% in the enzalutamide and 

flutamide groups, respectively (Figure 3). Enzalutamide was associated with significantly 

improved PSA-PFS compared with flutamide (HR: 0.29; 95% CI: 0.15–0.54; p<0.001). The 

median time to PSA-PFS was not reached and was 6.6 months in the enzalutamide and flutamide 

groups, respectively (Figure 4, Table 4). 

 

Safety 

The treatment-related AEs are summarized in Table 3. In total, 29 and 6 patients in the 

enzalutamide group and flutamide group, respectively, developed treatment-related AEs. 

Furthermore, AE-related treatment discontinuation was observed in 8 (decreased appetite: 4; 

anaphylactic reaction, seizure, QT prolongation, and rash: 1 each) and 6 patients (hepatic 

dysfunction and diarrhea: 2 each; breast pain and anorexia: 1 each) in the enzalutamide and 

flutamide groups, respectively. Meanwhile, AE-related dose reduction was required 21 and 4 

patients in the enzalutamide and flutamide groups, respectively. As shown in Table 3, fatigue, 

decreased appetite, nausea, anemia, and dysgeusia were observed in at least 2% of patients in the 
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enzalutamide group; the corresponding AEs in the flutamide group included hepatic dysfunction, 

decreased appetite, anemia, and diarrhea. Grade ≥3 AEs occurred in 7 and 4 patients in the 

enzalutamide and flutamide groups, respectively; 1 patient in the enzalutamide group experienced 

a seizure, which was not severe and disappeared with discontinuation of the drug.  
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DISCUSSION 

The OCUU-CRPC trial is the first randomized prospective trial to compare the efficacy and 

safety of AAT with flutamide vs. early-initiated enzalutamide therapy following Bic-CAB in 

patients with CRPC. At 3 months, the proportion of patients achieving ≥50% reductions in PSA 

was significantly greater in the enzalutamide than in the flutamide group. In terms of the 

distribution of PSA change rates at this time, the trend for maximum decline in PSA in the 

enzalutamide group (80.8%) was similar to that observed in the TERRAIN study at an equivalent 

point in time of 13 weeks. However, the trend for the flutamide group was similar to that of the 

bicalutamide group in the TERRAIN study [16]. At 6 months from baseline, the proportion of 

patients achieving ≥50% reductions in PSA and the maximum decline in PSA were also 

significantly higher in the enzalutamide than the flutamide group. The 3- and 6-month disease 

progression rates were also significantly lower in the enzalutamide than the flutamide group. Only 

2 patients demonstrated radiographic progression before PSA progression (1 in each group). 

However, as the timing for imaging was not prescribed in the protocol, and was performed at the 

physicians’ discretion, the exact number of patients with radiographic progression without PSA 

progression was unknown. Additionally, the median PSA-PFS was significantly longer in the 

enzalutamide than the flutamide group. 

The above results indicate that AAT with early-initiated enzalutamide has superior efficacy 



17 

 

over flutamide in CRPC. Moreover, since the non-metastatic and metastatic numbers in the 

present study (33% and 67%, respectively) were similar to those of the STRIVE study (35% and 

65%, respectively), we speculate that the present results confirm the efficacy and safety of 

enzalutamide and flutamide in patients with bicalutamide failure, as observed in the STRIVE 

study [17]. 

The safety profiles of the present study tended to be similar to those of the previous studies 

[20,15,14]. Anaphylactic reactions and seizures were observed in 1 patient each in the 

enzalutamide group. The former was severe, and was managed with steroid treatment and drug 

discontinuation; the latter disappeared with drug discontinuation, thereby demonstrating the 

safety of enzalutamide.  

Flutamide is known to cause severe hepatic dysfunction [20]; in the present study, hepatic 

dysfunction of grade ≥3 occurred in 3 patients. However, since they recovered after treatment 

suspension or discontinuation, AAT with flutamide could be a feasible treatment option with 

regular hepatic function testing. 

In the present study, the outcomes of CRPC were significantly superior in the enzalutamide 

than the flutamide group, in terms of the PSA response. However, owing to the challenges in 

treating enzalutamide- and taxane-resistant CRPC, other therapeutic strategies need to be 

established and validated before enzalutamide initiation [21].  
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In the present study, although the efficacy of flutamide was low, it was still effective in 

approximately 30% of patients. This finding was similar to that of previous studies on PSA 

response to AAT with flutamide, following Bic-CAB in Japanese patients [7,8,22,23]. 

Furthermore, in our previous, retrospective study comparing first- and second-line enzalutamide 

following flutamide in CRPC after Bic-CAB, the PSA levels decreased in all patients in the 

second-line enzalutamide group, and there were no significant differences in time to treatment 

failure of enzalutamide or OS between the two strategies [24]. Since AAT with flutamide prior to 

enzalutamide initiation is expected to confer economic benefits, future studies will need to 

establish evidence for the need of sequential therapy including flutamide. Additionally, the present 

study did not demonstrate a clear benefit of enzalutamide in terms of prolonged OS or cancer-

specific survival, when AAT was effective. Therefore, these issues need to be resolved in a future 

follow-up of the present study. 

In the OCUU-CRPC study, enzalutamide significantly decreased the risk of progression compared 

with flutamide in patients with CRPC after Bic-CAB therapy. This indicates that enzalutamide 

should be preferred over flutamide after CAB therapy in patients with CRPC. Further larger 

studies are needed to validate our findings. 
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FIGURE LEGENDS 

Figure 1. CONSORT diagram. 

Figure 2. Percentage change in prostate-specific antigen (PSA) at 3 months from baseline, 

presented as a waterfall plot. Enzalutamide (red), flutamide (blue). 

Figure 3. Maximum percentage prostate-specific antigen (PSA) change at 6 months from 

baseline, presented as a waterfall plot. Enzalutamide (red), flutamide (blue). 

Figure 4. Kaplan-Meier curve of time to prostate-specific antigen (PSA) progression. 

Enzalutamide (red), flutamide (blue).  

Abbreviations: IQR: interquartile range; CI: confidence interval; HR: hazard ratio; n: number; 

NE: not estimable. 
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Fig. 1 Patient enrollment flowchart 
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Fig. 2 The mean percent change in PSA from baseline to 3 months in the enzalutamide 

and flutamide groups 
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Fig. 3 The mean percentage maximum PSA decline from baseline in the enzalutamide 

and flutamide groups in the entire observational period  
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Fig. 4 The median time to PSA progression-free survival in the enzalutamide and 

flutamide groups 
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Table 1. Baseline demographic and disease characteristics 

 Enzalutamide group 

(n=52) 

Flutamide group 

(n=51) 

Median age, years (range) 78 (61, 88) 77 (62, 91) 

ECOG PS, n (%)   

 0 30 (57.7) 41 (80.4) 

 1 22 (42.3) 10 (19.6) 

Distant metastasis, n (%)   

 M0 18 (34.6) 16 (31.4) 

 M1 32 (61.5) 33 (64.7) 

Localization of metastasis, n (%)   

 Bone 35 (67.3) 35 (68.6) 

 Lung 4 (7.7) 7 (13.7) 

 Liver 1 (1.9) 1 (2.0) 

 Others 0 (0.0) 1 (2.0) 

Lymph node metastasis, n (%)   

 N0 25 (48.1) 21 (41.2) 

 N1 24 (46.2) 29 (56.9) 

Median PSA, μg/mL (range) 6.78 (2.01, 86.00) 5.62 (2.16, 330.20) 

Median testosterone, ng/dL (range) 13.4 (0.1, 40.0) 13.0 (0.1, 47.0) 

Median lactate dehydrogenase, U/L (range) 203 (113, 1136) 208 (88, 416) 

Median alkaline phosphatase, U/L (range) 287 (116, 1144) 224 (96, 2630) 

Median hemoglobin, g/dL (range) 13.1 (9.2, 16.4) 13.0 (8.3, 16.3) 

Gleason score at initial diagnosis, n (%)   

 ≤7 5 (9.6) 5 (9.8) 

 8 18 (34.6) 13 (25.5) 

 9 16 (30.8) 21 (41.2) 

 10 7 (13.5) 6 (11.8) 

Prior radical therapy, n (%)   

 None 47 (90.4) 46 (90.2) 

 Prostatectomy 1 (1.9) 4 (7.8) 

 EBRT 4 (7.7) 1 (2.0) 

AWS, n (%)   

 Yes 8 (15.4) 13 (25.5) 

 No 44 (84.6) 38 (74.5) 

Median time to CRPC, months (range) 19.3 (5.1, 145.1) 14.3 (5.1, 53.8) 

Median duration of ADT, months (range) 15.8 (2.1, 145) 13.2 (4.1, 58.9) 

FACT-P total score, median (range) 116.7 122.7 
aECOG PS: Eastern Cooperative Oncology Group Performance Status; n: number; PSA: Prostate-specific antigen; 

EBRT: External beam radiation therapy; AWS: Anti-androgen withdrawal syndrome; CRPC: Castration-resistant 

prostate cancer; ADT: Androgen deprivation therapy; FACT-P: Functional assessment of cancer therapy-prostate. 
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Table 2. PSA response and disease progression rates 

Characteristics 

Enzalutamide 

group 

(n=52) 

n, (%) 

Flutamide 

group 

(n=51) 

n, (%) 

Rate difference,  

%, [95% CI] 
p-value 

PSA response rate at 3 months 42 (80.8) 18 (35.3) 45.1 [28.2, 62.0] <0.001 

PSA response rate at 6 months 38 (73.1) 16 (31.4) 41.1 [23.7, 58.5] <0.001 

Disease progression rate at 3 months 3/47 (6.4) 19/49 (38.8) -31.9 [-47.0, -16.9] <0.001 

Disease progression rate at 6 months 5/44 (11.4) 24/47 (51.1) -38.7 [-55.1, -22.3] <0.001 
aPSA, Prostate-specific antigen; n, number; CI, confidence interval 
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Table 3. Treatment-related adverse events 

Event, n (%) Enzalutamide group (n=52) Flutamide group (n=51) 

AEs leading to treatment withdrawal 8 (15.4) 6 (11.8) 

AEs leading to dose reduction 21 (40.4) 4 (7.9) 

 All grade Grade 3≥ All grade Grade 3≥ 

AEs 29 (55.8) 7 (13.5) 6 (11.8) 4 (7.9) 

 Fatigue 10 (19.3) 2 (3.8) 1 (2.0) 0 

 Loss of appetite 8 (15.4) 2 (3.8) 3 (5.9) 1 (2.0) 

 Nausea 6 (11.5) 0 0 0 

 Liver dysfunction 1 (1.9) 1 (1.9) 5 (9.8) 3 (5.9) 

 Anemia 3 (5.8) 0 3 (5.9) 0 

 Diarrhea 1 (1.9) 0 2 (3.9) 0 

 Taste dysgeusia 2 (3.8) 0 0 0 

 Anaphylactic reaction 1 (1.9) 1 (1.9) 0 0 

 Fall 1 (1.9) 1 (1.9) 0 0 

 Seizure 1 (1.9) 0 0 0 

 Thrombocytopenia 1 (1.9) 0 0 0 

 Hypertension 1 (1.9) 0 0 0 

 Ventricular arrhythmia 1 (1.9) 0 0 0 

 Insomnia 1 (1.9) 0 0 0 

 Skin drying 1 (1.9) 0 0 0 

 Rash 1 (1.9) 0 0 0 

 Mottled papule eruptions 1 (1.9) 0 0 0 

 Prolonged QT * 1 (1.9) - 0 0 

 Breast pain 0 0 1 (2.0) 0 
an: number; AE: adverse event 

*The grade of prolonged QT was unknown.  
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Table 4. Interquartile range of time to PSA progression 

 Enzalutamide group (n=52) Flutamide group (n=51) 

IQR, Q1 (95% CI), months 11.93 (6.33, NE) 2.77 (1.90, 3.77) 

Median (95% CI), months NE (14.4, NE) 6.57 (3.07, 11.2) 

IQR, Q3 (95% CI), months NE (NE, NE) NE (10.3, NE) 

HR (95% CI) 0.29 (0.15, 0.54) 

p-value <0.001 

IQR: interquartile range; CI: confidence interval; 
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