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Abstract The study aims to compare serial changes in
prostate-specific antigen (PSA), testosterone, dehydroepian-
drosterone (DHEA), and androstenedione in patients treated
with either of the antiandrogen agents, bicalutamide or
flutamide, using a randomized controlled study. Patients had
to meet the following inclusion criteria: (1) presence of histo-
pathologically confirmed prostate cancer, (2) prostate cancer
treatment naive, (3) no current treatment with luteinizing
hormone-releasing hormone (LH-RH) agonist for sexual inter-
est and physical capacity, (4) clinical stage T1–cT3N0M0, (5)
Gleason score ≤7, and (6) Cooperative Oncology Group per-
formance status 0–1. Patients were randomly allocated to two
groups: flutamide and bicalutamide monotherapy group 1:1.
PSA levels were significantly decreased in both groups at
4 weeks. PSA levels were significantly lower in the
bicalutamide group compared with the flutamide group at 4
and 8 weeks. Testosterone levels in the bicalutamide group
were significantly higher than the baseline levels between 4
and 24 weeks of treatment. Testosterone levels in the flutamide
group were significantly increased at 4 and 12 weeks and
returned to baseline levels at 16 and 24 weeks. DHEA levels
in the bicalutamide group were unchanged from baseline at 4

and 24 weeks. However, DHEA levels in the flutamide group
were decreased at 24 weeks. Androstenedione levels increased
slightly in both groups, but the increase did not reach statistical
significance. PSA, testosterone, and DHEA levels significantly
differed between bicalutamide and flutamide monotherapy.

Introduction

Prostate cancer is the second most frequently diagnosed can-
cer and the sixth common cause of death in men, worldwide.
More than 250,000 men worldwide die annually because of
prostate cancer [1]. The incidence of prostate cancer was the
fourth highest [2] among cancers in Japan in 2006, and was
the ninth commonest cause of death in Japan in 2013 [2].

Many treatment modalities are available for localized pros-
tate cancer, including active surveillance, radical prostatecto-
my, radiation therapy, hormone therapy, and combination ther-
apy [3–5]. Treatment options for patients older than 70 years
with localized prostate cancer remain controversial. As many
elderly men are ineligible or unsuitable candidates for defini-
tive radiation therapy or radical prostatectomy or are unwilling
to undergo observation protocols, hormone therapy is increas-
ingly being considered. A number of reports have described
the feasibility of antiandrogen monotherapy [6–9]. Monother-
apy offers improved quality of life compared to castration in
terms of sexual interest and physical capacity [10].

Bicalutamide and flutamide are generally used for prostate
cancer as non-steroidal antiandrogen drugs. However, there
have been no studies examining differences between the use
of bicalutamide and flutamide as antiandrogen monotherapy
[11, 12]. We therefore conducted a randomized control trial to
compare serial changes in prostate-specific antigen (PSA),
testosterone, dehydroepiandrosterone (DHEA), and andro-
stenedione levels in patients treated with either of the
antiandrogen agents, bicalutamide or flutamide.
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Materials and Methods

The protocol of this clinical study was approved by the Insti-
tutional Review Board of Nara Medical University Hospital.
Written informed consent was obtained from every enrolled
patient prior to administration of antiandrogen therapy in ac-
cordance with good clinical practice [13].

Patient Selection

Patients were registered from January 2007 to December
2010. Patients were required to meet the following inclusion
criteria: (1) presence of histopathologically confirmed prostate
cancer, (2) prostate cancer treatment naive, (3) no current

treatment with luteinizing hormone-releasing hormone (LH-
RH) agonist for sexual interest and physical capacity, (4) clin-
ical stage T1–cT3N0M0, (5) Gleason score ≤7, and (6) Coop-
erative Oncology Group performance status 0–1.

Patients were also required to meet the following criteria at
entry: white blood cell count of 3300 to 8000/mm3, platelet
count of ≥7.5×104/mm3, hemoglobin of ≥10 g/dl, normal levels
of asparatate aminotransferase and alanine aminotransferase,
serum creatinine of ≤1.5 mg/dL, and PSA of ≤50 ng/mL.

We suggested antiandrogen monotherapy in the present
study to all patients meeting the criteria who were ineligible
or unsuitable candidates for definitive radiation therapy or
radical prostatectomy because of high age or are unwilling
to undergo observation protocols.

Study Design

Following registration, the central registration center random-
ly allocated an equal number of subjects to two groups: the
flutamide and bicalutamide groups. Subjects in the flutamide
group received 375 mg flutamide daily, and those in the
bicalutamide group received 80 mg bicalutamide daily, for
24 weeks. Serum PSA and testosterone levels were measured
every 4 weeks. Serum DHEA and androstenedione levels
were measured at 4 and 24 weeks following initiation of
antiandrogen therapy. Baseline levels of each parameter were
also measured before treatment initiation (Fig. 1).

Statistical Analyses

All statistical analyses were performed using SPSS for
Windows (version 20.0; IBM, Armonk, NY, USA). The
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Fig. 1 Study design

Table 1 Characteristics of
patients Flutamide group (n=11) Bicalutamide group (n=11) P

Age (median, years) 79 (71–86) 79 (67–82) 0.84†

PSA (median, ng/mL) 12.4 (4.7–17.6) 10.4 (3.8–38.6) 0.69†

Testosterone (median, ng/mL) 4.7 (2.0–9.4) 4.5 (2.8–7.7) 0.90†

DHEA (median, ng/mL) 59 (18–167) 73 (36–230) 0.09†

Angiostenegione (median, ng/mL) 1.2 (0.6–1.9) 1.5 (0.9–3.0) 0.11†

Gleason score

6 2 3 0.91‡

7 9 8

8–10 0 0

Clinical T stage

T1 5 6 0.62‡

T2 5 5

T3 1 0

T4 0 0

† Mann–Whitney U test; ‡ chi-square test
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Mann–Whitney U test was used for the comparison of
continuous variables. The chi-squared test was used for
the comparison of categorical variables. Differences
were considered statistically significant if P values were
<0.05.

Results

Twenty-two patients who met the inclusion criteria and
consented to this study were enrolled in the present study.
Eleven patients were recruited into the flutamide group
and 11 other into the bicalutamide group. All patients
enrolled in this study completed the planned treatment.
Patient characteristics are shown in Table 1. There were
no significant differences in age, PSA levels, testosterone
levels, DHEA levels, androstenedione levels, Gleason
score (GS), or clinical T category between the two groups
at baseline.

PSA levels in both the flutamide and bicalutamide
groups were significantly decreased at 4 weeks. PSA

levels were significantly lower in the bicalutamide
group compared to the flutamide group at 8 and
12 weeks (Fig. 2). Testosterone levels in the flutamide
group were significantly increased at 4, 8, and 12 weeks
but returned to baseline levels at 16, 20, and 24 weeks.
On the other hand, tes tos terone levels in the
bicalutamide group were significantly increased at
4 weeks and remained at an increased level. Testoster-
one levels were significantly higher in the bicalutamide
group compared to the flutamide group at 24 weeks
(Fig. 3). DHEA levels in the flutamide group were sig-
nificantly decreased at 24 weeks. However, DHEA
levels in the bicalutamide group were not significantly
changed from baseline at 4 and 24 weeks. DHEA levels
were significantly lower in the flutamide group com-
pared to the bicalutamide group at 24 weeks (Fig. 4).
Andros t ened ione leve l s in the f lu t amide and
bicalutamide groups increased slightly, but increases
were not statistically significant. No significant differ-
ence in androstenedione levels was observed between
the two groups (Fig. 5).
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Fig. 2 Mean serum PSA levels. a
Serum PSA levels in the
flutamide group. b Serum PSA
levels in the bicalutamide group. c
Difference in serum PSA levels
from baseline at each time-point
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Discussion

PSA levels were significantly lower in the bicalutamide group
compared to the flutamide group at 8 and 12 weeks in the
present study. Non-steroidal antiandrogens exert their effects
through competitive inhibition of testosterone binding. The
difference between the two groups may therefore be due to
the different affinities of flutamide and bicalutamide.
Bicalutamide has a four times higher affinity than 2-
hydroxyl-flutamide and the active metabolite of flutamide
[14, 15]. This difference in affinity may have influenced
PSA levels. Furthermore, new antiandrogen drug
(enzalutamide) has higher affinity than bicalutamide [16].
Tombal et al. reported the good efficacy and safety of
enzalutamide monotherapy [17]. So, enzaltamide may lower
PSA significantly compared to bicalutamide and flutamide on
the use of antiandrogen drugs as monotherapy.

Testosterone levels in the flutamide group returned to
baseline levels; however, testosterone levels in the

bicalutamide group remained increased after 4 weeks. This
finding has been previously reported. Lund et al. reported
that testosterone levels increased until 12 weeks following
initiation of flutamide and returned to baseline levels after
12 weeks [18]. On the other hand, testosterone levels in
patients treated with bicalutamide as monotherapy
remained increased after 24 weeks [19]. Our results corrob-
orate these previous reports.

In our study, DHEA levels in the flutamide group were
significantly decreased at 24 weeks. On the other hand, no
significant change in DHEA levels was observed in the
bicalutamide group. These findings indicate flutamide de-
creases DHEA levels while bicalutamide does not. A num-
ber of reports have demonstrated suppression of DHEA is
associated with suppression of prostate cancer. Narimoto
et al. [20] reported that good responders treated with
flutamide as a second line agent demonstrated a significant
decrease in DHEA levels compared with poor responders.
Ketoconazole and abiraterone, inhibitors of cytochrome P

0

2

4

6

8

10

12

0 4 8 12 16 20 24
0

2

4

6

8

10

12

0 4 8 12 16 20 24

0%

10%

20%

30%

40%

50%

60%

0 4 8 12 16 20 24

Weeks

Flutamide

Bicalutamide

Weeks

Bicalutamide

Weeks

Flutamide

Te
st

o
st

er
o

n
e 

(n
g

/m
L

)

*
* * * *

*

Te
st

o
st

er
o

n
e 

(n
g

/m
L

)

*
* *

*

* P<0.05 **P<0.01

(a) (b)

(c)
R

at
e 

o
f 

ch
an

g
e 

(%
)

Fig. 3 Mean serum testosterone
levels. a Serum testosterone
levels in the flutamide group. b
Serum testosterone levels in the
bicalutamide group. c Difference
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(CYP) 17, suppress castration-resistant prostate cancer [21,
22]. CYP17 is a key enzyme of androgen biosynthesis and
involved in the production of DHEA from cholesterol. The-
se results indicate suppression of DHEA is an important
mechanism in the treatment of prostate cancer.

Androstenedione levels did not change in either the
bicalutamide or the flutamide group in the present study.
Balzano et al. reported no change in androstenedione levels
with flutamide therapy, though the study population was very
small [23]. Androstenedione levels have been shown to in-
crease with bicalutamide therapy, though the study involved
patients with benign prostatic hyperplasia [19]. Our results
corroborate these previous studies.

Scher et al. demonstrated the efficacy of second-line hor-
monal therapy with flutamide for refractory prostate cancer
previously treated with bicalutamide [24]. Switching of
antiandrogen drugs in patients who relapse following initial
hormonal therapy is now considered a second-line treatment.
However, the efficacy of switching antiandrogen drugs as a
second-line hormonal therapy remains to be demonstrated.

Hara et al. demonstrated that androgen receptor mutations
were important in antiandrogenwithdrawal syndrome and that
flutamide may be effective as a second-line therapy for refrac-
tory prostate cancer previously treated with bicalutamide [25].
Narimoto et al. demonstrated that flutamide suppresses
DHEA and androstenedione levels and that androstenedione
contributes to the progression of prostate cancer [20]. Sup-
pression of androstenedione levels is thought to suppress
castration-resistant prostate cancer [20–22]. Ketoconazole
and abiraterone, inhibitors of cytochrome P (CYP) 17, can
suppress prostate cancer resistant to bicalutamide or flutamide
by suppressing androstenedione. In our study, DHEA levels
decreased in the flutamide group though levels did not change
in the bicalutamide group. Androstenedione levels did not
change in either the flutamide or bicalutamide group. These
results indicate DHEA may play a major role in suppressing
prostate cancer in patients who relapse following initial hor-
monal therapy with bicalutamide and then treated with
flutamide as the second hormonal therapy without inhibiting
CYP17.
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The small study population was a limitation of our study.
We report preliminary results of flutamide and bicalutamide
monotherapy for prostate cancer in this study. This study was
the first randomized control trial comparing serial changes in
PSA, testosterone, DHEA, and androstengion levels between
patients receiving either of the antiandrogen monotherapy
agents, bicalutamide, or flutamide.

Conclusion

The present study demonstrated differences in serial PSA and
androgenic hormone levels between patients receiving the
antiandrogen monotherapy agents, flutamide, and
bicalutamide.
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