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Abstract
Background: Naftopidil is an alpha-1 adrenergic receptor-blocking agent commonly used for benign prostatic hyperplasia (BPH) in Japan. Our previous retrospective 
study demonstrated a significantly lower incidence of prostate cancer in BPH men treated with naftopidil (1.8%) compared with those with tamsulosin (3.1%). 
Currently we are attempting to confirm the suppressive effect of naftopidil on prostate carcinogenesis in a prospective randomized study.  

Methods: This multicenter, randomized, open-label clinical trial will enroll men who are proven negative for cancer after the first prostate biopsy at the University of 
Tokyo Hospital and its 11 affiliated hospitals. Upon agreement, these subjects will be randomly assigned to the oral naftopidil administration group (550 cases) or the 
non-administration control group (550 cases) and have serum prostate specific antigen (PSA) levels measured once a year for 5 years at longest. Prostate biopsy is to 
be repeated when the follow-up serum PSA level exceeds the precedent value. The primary endpoint is the time period to the diagnosis of prostate cancer. Prostate 
cancer-free survival calculated by Kaplan-Meier method is used to analyze inter-group differences by log-rank test.

Discussion: This is the first prospective randomized clinical study to verify whether naftopidil reduces the incidence of prostate cancer in men negative for cancer by 
first biopsy.
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Background
The number of prostate cancer patients has been increasing rapidly 

worldwide. According to the statistics of the National Cancer Center 
(Tokyo, Japan), newly diagnosed prostate cancer patients in Japan 
were estimated as 98,400 in 2016, and is the leading incidence of male 
cancer [1]. The prevalence is expected to increase in the aging society, 
as prostate cancer is seen mostly in elderly males. Obviously, the most 
efficient method to reduce the prevalence of cancer is its prevention. 
However, supplementation of green tea or vitamin E have not been 
effective in reducing prostate cancer incidence in humans [2]. Five 
alpha reductase inhibitor showed a 25% reduction in incidence, 

although those patients who did develop prostate cancer had a higher 
grade tumor [3].  

Naftopidil is an alpha-1 adrenergic receptor-blocking agent with 
greater affinity to alpha-1 adrenergic receptor subtypes A and D over 
B. It is commonly used in Japan for symptomatic benign prostatic 
hyperplasia, and its safety profile has been repeatedly confirmed during 
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its 17-year clinical use [4]. Interestingly, naftopidil exerts antitumor 
effects on prostate cancer cells in vitro [5]. It is known that some alpha-1 
adrenergic receptor-blocking agents such as doxazosin or terazosin 
cause the growth suppression of cancer cells [6]. An anti-tumor effect 
was implicated with apoptotic activity rather than blocking alpha-1 
adrenergic receptor signaling pathways [7]; tamsulosin, an alpha-1 
adrenergic receptor-blocking agent without apoptotic activity, has no 
anti-cancer effects [8]. Clinically, a retrospective study by Harris et al. 
indicated the reduced incidence of prostate cancer in men administered 
doxazosin or terazosin compared with those not administered 
doxazosin or terazosin (1.6% vs. 2.4%) [9]. We have also demonstrated 
the inhibitory effect of naftopidil on prostate cancer development in an 
eight-year observational study; the prevalence in 766 men on naftopidil 
was 1.8%, while that in 1,015 men on tamsulosin was 3.1% (p<0.035) 
[10]. Furthermore, we confirmed that naftopidil induced apoptosis 
in prostatic cancer cell lines and human prostatic cancer tissues via 
inhibition of Smad2 phosphorylation-medicated transforming growth 
factor (TGF) beta activation [10]. Other inhibitory  mechanisms proposed 
include activation of death receptors [11] and blocking tubulin formation 
[12]. The anti-proliferative effects of naftopidil on cell growth have been 
reported for human renal cancer cells, bladder cancer, cervical cancer, and 
malignant pleural mesothelioma [10, 13-16]. 

These potential anti-tumor effects and the good safety profile of 
naftopidil prompted us to conduct this prospective randomized clinical 
trial to investigate the preventive effects of naftopidil on prostate cancer 
development. 

Methods/Design
Outline of the study

This study is a randomized, open-label, controlled, parallel, clinical 
trial and has been approved by the research ethics committee of the 
Graduate School of Medicine and Faculty of Medicine, The University of 

Tokyo (P2016007) and independent institutional review boards of each 
affiliation. The study contents are explained by descriptive documents 
and written consent, and patients from whom consent is obtained then 
is registered and randomized (Figure 1). Naftopidil is administered to 
patients assigned to the oral naftopidil administration group and not to 
those assigned to the non-administration control group, and patients 
have their serum prostate specific antigen (PSA) levels measured once 
a year for 5 years at the longest. Prostate biopsy is to be repeated when 
the follow-up serum PSA level exceeds the value obtained before the 
previous biopsy. Cases where the serum PSA level does not increase 
and prostatic needle biopsy is not performed are regarded as negative. 
For prostatic needle biopsy, standardized methods in each facility are 
used (however, biopsy should be performed on eight areas or more) 
so that the same biopsy is performed for both groups. Development of 
prostate cancer is assumed as a main evaluation item, and differences 
in the incidence of prostate cancer in both groups will be examined.

Subject assignment method

Assignment of subjects to each administration group is performed 
by the central registration method using the Viedoc TM system (PCG 
Solutions, Uppsala, Sweden) with stratified block randomization, with 
a 1:1 ratio of subjects in the oral naftopidil administration group and 
non-administration control groups. The assignment factors are age (< 70 
years, ≥ 70 years), serum PSA level (< 7, ≥ 7), facilities (each cooperative 
facility) and volume of prostate (< 30 g, ≥ 30 g). The assignment list is 
created and stored by the University of Tokyo Hospital, The Clinical 
Research Support Center, and The Central Management Unit and is 
closed to the investigators and sub investigators.

Subject patient

(1) Inclusion criteria

1) Patients whose cancer is not proved by the first prostatic needle 
biopsy (eight spots or more) performed within the past three months.

Figure 1. Outline of the prospective randomized controlled study on Suppression of Prostate Cancer by Naftopidil (SNAP)
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2) Male patients aged ≥ 50 years and < 80 years at the time when 
consent is acquired. 

3) Patients whose most recent serum PSA levels are abnormal 
before prostatic needle biopsy (> 3.0 ng/ml for 50-64 year olds, > 3.5 
ng/ml for 65-69 year olds, and > 4.0 ng/ml for ≥ 70 year olds).

4) Patients who are given sufficient description about participation 
in this study and who understand it, providing documentary consent 
by their own free will.

5) Patients with prostatic hyperplasia.

(2) Exclusion criteria

1) Patients who were given a diagnosis of prostate cancer or 
atypical small acinar proliferation. Prostatic intraepithelial neoplasia is 
accepted.

2) Patients with a history of oral administration of naftopidil, anti-
androgenic medicine, or 5 alpha-reductase inhibitors.

3) Patients with severe dysuria accompanied with prostatic 
hyperplasia (states such as urinary retention, urethral catheter 
placement, and intermittent urethral catheterization).

4) Patients who have a prostate surgical history.

5) Patients who are currently taking steroid medicine on 
consecutive days.

6) Patients with acute prostatitis.

7) Patients with active urogenital infection.

8) Patients who have a urethral catheter.

9) Patients with severe hepatic dysfunction (aspartate transaminase 
or alanine transaminase > 100 IU/L).

10) Patient with severe renal dysfunction (serum creatinine > 2.0 
mg/dl).

11) Patients with a history of malignant tumor except prostate 
cancer (however, cases that were cured radically and with a non-disease 
period of > two years will be accepted).

12) Patients who are judged inappropriate by investigators.

Planned study participation period 

Registration period is 2 years and administration period is to be 
3 to 5 years. However, in cases where prostate cancer is detected, the 
study is to end at that point.

Dosage and administration of the study drug and 
administration period

The study drug is to be administered orally with an appropriate 
amount of water. The administration is to continue until the end of 
the study. The dose is 25 mg a day in the early period (more than two 
weeks) of administration, and then increased to 50 mg a day in the later 
phase. However, the dose can be changed within the range of 25-75 mg 
depending on the symptoms and the number of administrations per 
day is not limited.

Provisions for combined medicine (therapy)

(A) Prohibited concomitant medications (therapy)

The following medicines (therapy) that may influence the 
development of prostate cancer and serum PSA levels are prohibited. 

However, when required clinically, priority will be given to its use and 
this study is to end.

1) Daily use of steroid medicine (however, external medicines are 
accepted. Furthermore, if the period of its use is within one month in 
total, temporary use is acceptable).

2) Antiandrogenic drugs (Chlormadinone, Allylestrenol, 
Gestonorone).

3) Five alpha-reductase inhibitors (Dutasteride, Finasteride).

4) Alpha-1 adrenergic receptor-blocking agents (Silodosin, 
Urapidil, Terazosin, Doxazosin, Bunazosin, Phentolamine, and 
Prazosin) (however, if the period of its use is within one month in total, 
temporary use is acceptable).

5) Anti-neoplastic drugs

6) Prostate operation (transurethral resection of the prostate, 
holmium laser enucleation of the prostate, photo-selective vaporization 
of the prostate by laser, transurethral microwave thermotherapy, or 
high-intensity focused ultrasound).

7) Urethral catheter placement, intermittent urethral 
catheterization (however, if the period of its use is within one month in 
total, temporary use is acceptable).

(B) Authorized drugs 

The following agents are thought not to influence the development 
of prostate cancer and their continuous concomitant use is allowed.

1) Alpha-1 adrenergic receptor-blocking agents (Tamsulosin).

2) Antihypertensive agents except for alpha-1 adrenergic receptor-
blocking agents.

Endpoints

(A) Primary endpoint

The primary evaluation item is the period from the day of 
registration to diagnosed as prostate cancer.

(B) Secondary endpoints

1) Malignancy of prostate cancer

Malignancy will be evaluated by the cancer property (Gleason 
score) and extent (positive number of needle biopsies / number of 
needle biopsies).

2) Rate of apoptotic cells in immunostained specimens of needle biopsy.

3) Doubling time of serum PSA levels from baseline.

4) Cancer incidence in other organs.

(C) Safety evaluation items

The incidence of adverse events and side effects will be compared.

Pathological examinations

Malignancy, expanse, and percentage of apoptosis of the prostate 
cancer are evaluated at the Department of Pathology at the University 
of Tokyo Hospital.

Statistical analysis

Based on a previous study [10], the prostate cancer incidence hazard 
ratio of naftopidil for tamsulosin was 0.46 and therefore, a relative risk 
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reduction of 54% was estimated. To verify the superiority of the oral 
naftopidil administration group compared to the non-administration 
control group, when the hazard ratio, significant level (both sides) and 
power of the test are set to 0.6, 5% and 80%, respectively, 120 events 
(prostate cancer development) are necessary for both groups. To secure 
120 events, 1,030 cases are needed in total for both groups with an event 
incidence of 6.9% in the oral naftopidil administration group with PSA 
> 4ng/ml (subgroup analyses of previous report [10]). The number of 
cases where the dropout rate is 15%, 20%, and 25% over five years are 
1,098, 1,124, and 1,152 cases, respectively. Therefore, the target number 
of cases was determined to be 1,100 cases for both groups.  

 Incidence of prostate cancer in each group will be obtained by the 
Kaplan-Meier method, and intergroup comparison will be performed 
by log-rank test. Furthermore, hazard ratio of the oral naftopidil 
administration group and the non-administration control group 
and the 95% confidence intervals (CI) will be calculated by the Cox 
proportional-hazard model. Significant level is assumed as 5% for 
both sides. Malignancy will be evaluated by properties and extent of 
the cancer and the intergroup comparison will be performed by t-test. 
The doubling time of PSA will be calculated from serum PSA values 
measured every year. 

Interim analysis

 Interim analysis for safety and efficacy will be performed two and 
a half years after registration or when the event expressions of 60 cases 
are confirmed, whichever comes first. In the case that the following are 
recognized in the interim analysis, the Independent Data Monitoring 
Committee can urge withdrawal of the study to the Executive 
Committee, so as not to let the unfavorable treatment group continue: 
(1) efficacy of the oral naftopidil administration group is significantly 
superior to that of the non-administration control group, and (2) 
efficacy of the oral naftopidil administration group is adversely inferior 
to that of the non-administration control group, and superiority cannot 
be verified by continuing the study.

Quality control / quality assurance

A data management and monitoring system are established for 
quality control. Audits for quality assurance are conducted. The audit 
members are not engaged in the study or monitoring.

Discussion
Prospective controlled clinical studies on cancer prevention 

require a large sample size and a long study period. Preventive 
measure with high efficacy and safety as well as selection of susceptible 
study population is of critical importance. Our study use naftopidil, 
an alpha-1 adrenergic receptor-blocking agent, as the preventive 
medication, and recruit cancer-negative men at the first prostate biopsy 
as the target sample.

Preventive effects of naftopidil on prostate cancer development are 
demonstrated by observational clinical studies. Non-human studies 
also indicate its anti-proliferative effect on multiple cancer cells in vitro 
or in vivo in mice [10,16]. It is fortunate that naftopidil distributes 
preferentially in the prostate; the intra-prostatic concentration after an 
oral dose of 20 mg/kg in rats reached 50-100 µg/g (1-24 hours), which 
was highest among all organs studied [17]. These concentrations are 
equivalent to 128-256 µM, given the molecular weight of naftopidil 
(392) and a conversion rate of 1 g = 1 ml. The clinical dosage (25-
75 mg) corresponds to 0.5-1.5 mg/kg for a 50-kg man. Presuming 
that naftopidil has a similar distribution in rats and humans, the 

concentration of naftopidil in the human prostate is expected be 6.4-
12.8 µM, an effective concentration in vitro [18]. Indeed, a previous 
study [10] reported greater in vitro apoptosis in cancer cells at 10 µM 
and a larger number of apoptotic cells in prostatic cancer tissues of 
patients taking 25-75 mg naftopidil orally. Naftopidil is proven to be a 
safe drug. According to the medical package insert of naftopidil, adverse 
reactions were observed in 721 cases (3.28%) from a total of 22,013: 
wobbling in 209 cases (0.95%), dizziness at standing up in 93 cases 
(0.42%), hypotension in 44 cases (0.20%), and stomach discomfort in 
43 cases (0.20%).

The target population is set for men negative for prostate cancer 
at the first biopsy despite elevated serum PSA values. The participants 
are to be randomly divided into two groups, equivalent in terms of 
cancer susceptibility by adjusting multiple confounding factors. We 
will adjust possible confounders for the development of prostate cancer 
such as age (< 70 years, ≥ 70 years), serum PSA level (< 7, ≥ 7), facilities 
(each cooperative facility) and volume of prostate (< 30 g, ≥ 30 g) as 
the assignment factors. Prostate volume is a negative contributor for 
prostate cancer, partially because a cancer focus in a large prostate 
is likely to be overlooked. The probability of cancer detection at the 
second biopsy in men negative at the first biopsy is reported to be as 
high as 30%[19]. This probability enables us to anticipate the event 
(cancer detection) at 15% for the non-administration control group. 
Presuming reduction by naftopidil is 7.5%, the sample number of 1,100 
for the study included 550 in the oral naftopidil administration group 
and 550 in the non-administration control group. 

A concern of the study design is the non-blinded fashion for 
allocation. This may result in less vigorous indication of prostate biopsy 
by the investigators’ and the consequent decreased cancer detection 
rate in the naftopidil group. Strict compliance to the protocol should be 
retained. However, patients in the control (non-administered) group 
may take naftopidil for preventive intention. A thorough explanation 
should be given when acquiring consent. Symptomatic progression 
in men of control group may incur ethical concerns, which is to be 
managed by tamsulosin. 

This study has some limitations, even if we can demonstrate the 
inhibitory effects of naftopidil on prostate carcinogenesis. This study 
involves men who are negative at first prostatic needle biopsy, thus 
the results cannot be generalized. However, these men would be the 
most appropriate candidates for preventive measures thus our results 
will meet a medical need. Men in the control group are allowed to 
take tamsulosin, and its unknown effects on prostate cancer cannot be 
negated. The dosage of naftopidil follows the dose approved for benign 
prostatic hyperplasia. It will remain unknown whether the dosage is 
optimum.

This study is the first prospective study to verify whether naftopidil, 
an alpha-1 adrenergic receptor-blocking agent, prevents prostate 
cancer in a high-risk population of men.
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