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Introduction The clinical effect of pharmacotherapy on prostate morphometric parameters is largely 
unknown. The sole exception is 5α-reductase inhibitors (5-ARI) that reduce prostate volume and pros-
tate-specific antigen (PSA). This review assesses the effect of pharmacotherapy on prostate parameters 
effect on prostate parameters, namely total prostate volume (TPV), transitional zone volume (TZV), PSA 
and prostate perfusion. 
Material and methods We conducted a systematic review and meta-analysis of randomized con-
trolled trials (RCTs) reporting on morphometric parameters’ changes after pharmacotherapy,  
as primary or secondary outcomes. The study followed the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) statement. RCTs’ quality was assessed by the Cochrane 
tool and the criteria of the Agency for Healthcare Research and Quality. The effect magnitude was 
expressed as standard mean difference (SMD). The study protocol was published on PROSPERO 
(CRD42020170172).
Results Sixty-seven RCTs were included in the review and 18 in the meta-analysis. The changes after 
alpha-blockers are comparable to placebo. Long-term studies reporting significant changes from 
baseline, result from physiologic growth. Finasteride and dutasteride demonstrated large effect sizes 
in TPV reduction ([SMD]: -1.15 (95% CI: -1.26 to -1.04, p <0.001, and [SMD]:-0.66 (95% CI: -0.83 to 
-0.49, p <0.001, respectively), and similar PSA reductions.
Dutasteride’s effect appears earlier (1st vs 3rd month), the changes reach a maximum at month 12 
and are sustained thereafter. Phosphodiesterase-5 (PDE-5) inhibitors have no effect 
onmorphometric parameters. 
Phytotherapy’s effect on TPV is non-significant [SMD]: 0.12 (95% CI: -0.03 to 0.27, p = 0.13). 
Atorvastatin reduces TPV as compared to placebo (-11.7% vs +2.5%, p <0.01). Co-administration  of 
testosterone with dutasteride spares the prostate from the androgenic stimulation as both TPV 
and PSA are reduced significantly.
Conclusions The 5-ARIs show large effect size in reducing TPV and PSA. Tamsulosin improves perfu-
sion but no other effect is evident. PDE-5 inhibitors and phytotherapy do not affect morphometric 
parameters. Atorvastatin reduces TPV and PSA as opposed to testosterone supplementation. 
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INTRODUCTION

Benign prostatic obstruction (BPO) is a common 
cause of lower urinary tract symptoms (LUTS)  
in men older than 50 years [1]. Benign prostatic en-
largement (BPE) is defined as prostatic enlargement 
due to histologic benign prostatic hyperplasia [2]. 
BPO involves the static component or the physical 
mass of the prostate and the dynamic component  
or smooth muscle tone of the prostate stroma and 
the bladder neck [1, 2]. It is reasonable to assume 
a potential relation between prostate size, degree 
of obstruction and LUTS severity, but population-
based studies failed to demonstrate a direct link [3].
Prostate morphometric parameters are prognostic 
indicators of BPE progression. Data analysis from 
the placebo arm of Medical Therapy of Prostatic 
Symptoms (MTOPS) trial showed that men with 
baseline total prostate volume (TPV) 31 ml and pros-
tate-specific antigen (PSA) of 1.6 ng/dl or greater are 
at significantly higher risk of BPE progression, de-
fined as a 4-point or more increase in AUA-SS, acute 
urinary retention, urinary incontinence, renal in-
sufficiency or recurrent urinary tract infections [4]. 
Baseline flow rate, post-void residual and age were 
the additional predictors. TPV and PSA are among 
the baseline factors which could predict conserva-
tive treatment failure and/or the need for combi-
nation therapy [5]. Baseline PSA is higher in men 
with larger prostates and is associated with higher 
annual volume increase (2.2%) compared to smaller 
prostates (1.7%) [6]. However, a multivariate analy-
sis of the Baltimore Longitudinal Study of Aging  
in 242 men without prostate cancer, reported no cor-
relation between PSA or PSA changes and annual 
prostate growth rate during 4.2 years of follow-up 
[6]. The median rate of TPV and PSA change per 
year was 0.6 ml and 0.03 ng/ml respectively.
Existing data supports the hypothesis that isch-
emia of the lower urinary tract may cause BPE and 
LUTS. Azadzoi et al. were first to document blad-
der dysfunction and increased prostate contractility  
in an animal model of pelvic atherosclerosis [7].  
The underlying mechanism of ischemic injury in-
volves oxidative stress, free radical injury to smooth 
muscle cells, epithelium, mitochondria, endoplasmic 
reticulum and nerve fibers, impairment of the nitric 
oxide (NO/cGMP) pathway, activation of degenera-
tive processes and deposition of collagen [7]. Chronic 
ischemia induces prostate stromal fibrosis, decreas-
es cGMP and increases prostate tissue sensitivity  
to contractile stimuli [7]. 
The clinical effect of pharmacotherapy on prostate 
morphometric parameters is largely unknown. The 
sole exception is 5α-reductase inhibitors (5-ARI) 

which reduce TPV, transitional zone volume (TZV) 
and PSA. There is preclinical evidence that all medi-
cations influence prostate volume or perfusion. 
Experiments have shown the anti-apoptotic effect  
of sympathomimetics, and the potent apoptotic ef-
fect on human prostate cancer cell cultures of quin-
azoline-based α-blockers [8].
Phosphodiesterase-5 (PDE-5) inhibitors influence pros-
tate cell proliferation via upregulation of NO/cGMP  
and Rho-kinase activity [9, 10]. Evidence supports that 
finasteride reduces prostate blood flow via downregula-
tion of vascular endothelial growth factor (VEGF) [11]. 
Tamsulosin antagonizes vesical arteries adrenoceptors, 
thus improving LUT perfusion [12]. PDE5 inhibitors 
improve perfusion via the reduction of endothelin-1 
levels and regulation of vascular smooth muscle cells 
proliferation [10].
This review aims to investigate the effect of both 
urological and non-urological medication on prostate 
morphometric parameters, namely TPV, TZV, PSA 
and prostate perfusion. 

MATERIAL AND METHODS

Literature search

This systematic review was performed according 
to the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) Statement 
[13]. The Embase, MEDLINE, Cochrane Data-
base of Systematic Reviews, Cochrane Central (Co-
chrane Health Technology Assessment, Database 
of Abstracts of Reviews of Effects, Health Econom-
ics Evaluations Database) and Google Scholar were 
searched with no restriction on publication date. Ad-
ditional sources for articles were the reference lists 
of included studies and relevant review articles. 

Study selection

We included randomized-controlled trials (RCTs) 
of adult men with LUTS due to BPE, who received 
pharmacotherapy, and reported post-intervention 
changes of prostate parameters as primary or sec-
ondary outcome. The included studies had 10 partic-
ipants minimum, were written in English language 
and used ultrasound or MRI to assess morphometric 
parameters. There was no restriction in study dura-
tion. In the event of open extension of double-blind 
studies, only data from the double-blind period were 
included. If data were not reported separately, stud-
ies were excluded. 
Two reviewers (AG and DC) screened the titles and 
abstracts of identified records, and the full text of po-
tentially eligible records was evaluated using a stan-
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dardized form. Disagreement was resolved by discus-
sion. If there was no agreement, a third independent 
party acted as an arbitrator (VS). 

Data extraction

Data from eligible studies were extracted in dupli-
cate. Discrepancies were resolved by a third review-
er. The variables assessed included the year of pub-
lication, number of randomized subjects, number  
of subjects who completed the follow up, baseline 
values and post treatment changes in morphometric 
parameters presented as mean (±standard devia-
tion) and percentage changes from baseline.

Risk of bias and study quality assessment

Risk of bias (RoB) was assessed using the revised 
version of Cochrane Collaboration’s RoB Assessment 
tool [14]. Two reviewers (AG and DC) independently 
assessed RoB in each study, while a third reviewer 
(VS) acted as an arbitrator. The RoB was considered 
high if the confounder had not been considered by 
the individual study. The RoB tables were developed 
in Review Manager 5.3 (RevMan-Informatics and 
Knowledge Management Department, Cochrane, 
London, UK). 
To ensure reliability and validity of measures and 
reported measurements, each included RCT had 
an overall rating based on the criteria developed by 
Agency for Healthcare Research and Quality (AHRQ). 
The ratings were ‘Low-risk’, ‘Moderate-risk’ or ‘High-
risk’ [15, 16]. The RCTs should have been character-
ized as low risk in measurement bias (points 3d & 3e) 
based on the criteria developed by AHRQ.

Statistical analysis	

The primary outcome was the post-intervention 
changes in TPV. The secondary outcomes were the 
changes in TZV, PSA and prostate perfusion as de-
fined by the trialist. Owing to the expected hetero-
geneity, a narrative synthesis of all included studies 
was planned [17]. Data are presented as post-treat-
ment absolute mean changes (±SD) and percentage 
changes. 
Statistical heterogeneity was tested using chi-square 
test. A value of p <0.10 or I2 >50% was used to de-
fine heterogeneity. A list of potential confounders 
was developed a priori: use of LUTS-related medica-
tions, follow-up duration, LUTS not related to BPE, 
previous catheter use, previous LUT surgery and 
history of LUT malignancy. 
A meta-analysis was considered for each endpoint 
if two or more RCTs had similar study design, dos-

ing scheme and follow-up duration. Meta-analysis 
was conducted using RevMan. The effect magnitude 
was expressed as standard mean difference (SMD) 
with 95% confidence interval (CI) for continuous 
outcomes. The treatment effect size was considered 
small for SMD values of 0–0.2, moderate for SMD 
range 0.2–0.8 and large if SMD was >0.8.

RESULTS

Evidence acquisition

Study selection

Sixty-seven RCTs were eligible for inclusion (Figure 1). 
Eighteen were eligible for quantitative synthesis. The 
search was updated in October 2020. 

Study characteristics

We identified 28 placebo-controlled RCTs and 39 non-
placebo RCTs. Since the included RCTs had 2 or more 
study arms, we studied 36 active medications versus 
placebo comparisons and 48 active medications ver-
sus active medication comparisons. Phytotherapy’s 
effect on morphometric parameters was assessed 
in 18 comparisons, α-blockers’ effect in 18 com-
parisons, 5-ARI’s effect in 23 comparisons, PDE5’s 
effect in 6 comparisons, combination treatments  

Figure 1. Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) flow chart.
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Study,  
[reference]

Comparator 1,
Daily dosage

Comparator 2,
Daily dosage

Comparator 3,
Daily dosage

Comparator 4, 
Daily dosage

No. subjects
randomized

Duration of
Follow up

Reported 
parameters

Primary  
or Secondary 

endpoints

Study rating 
based on 

AHRQ criteria

Lepor 1996, 
[18]

Terazosin,  
10 mg OD

Finasteride,  
5 mg OD

Terazosin  
10 mg OD plus 

Finasteride,  
5 mg OD

Placebo 1230 12 months TPV, PSA Secondary Low Risk

McConnell 
2003, [19]

Doxazosin,  
4 or 8 mg OD

Finasteride,  
5 mg OD

Doxazosin, 4  
or 8 mg OD plus 

Finasteride,  
5 mg OD

Placebo 3047 4.5 years TPV, PSA Secondary Low Risk

Yokoyama 
2012, [20]

Tadalafil.  
2.5 mg OD

Tadalafil  
5 mg OD

Tamsulosin,  
0.2 mg OD Placebo 612 3 months PSA Secondary Low Risk

Roehrborn 
2006, [21]

Alfuzosin,  
10 mg OD Placebo n/a n/a 1522 24 months PSA Secondary Low Risk

Roehrborn 
2006, [22]

Alfuzosin,  
10 mg OD Placebo n/a n/a 528 3 months TPV, TZV Primary Moderate 

Risk

Turkeri 2001, 
[23]

Doxazosin,  
4 mg OD Placebo n/a n/a 29 4 weeks TPV, PSA Secondary High Risk

Debruyne 
2002, [24]

Tamsulosin, 
0.4 mg OD

Serenoa repens,  
320 mg OD n/a n/a 704 12 months TPV, PSA Primary Low Risk

Sengupta 
2011, [25]

Tamsulosin, 
0.4 mg OD

Phytotherapy 
(Non-Sr), OD n/a n/a 46 3 months TPV Secondary Moderate 

Risk

Latil 2015, 
[26]

Tamsulosin, 
0.4 mg OD

Hexanic Extract  
Serenoa repens,  

320 mg OD
n/a n/a 203 3 months TPV Secondary High Risk

Pande 2014, 
[27]

Tamsulosin, 
0.4 mg OD

Silodosin,  
8 mg OD n/a n/a 61 3 months TPV Secondary Moderate 

Risk

Karami 2016, 
[28]

Tamsulosin, 
0.4 mg OD

Tadalafil,  
20 mg OD n/a n/a 119 3 months PSA Primary High Risk

Griwan 
2014, [99]

Tamsulosin, 
0.4 mg OD

Naftopidil,  
75 mg OD n/a n/a 60 3 months TPV Secondary Moderate 

Risk

HIzli 2007, 
[29]

Tamsulosin, 
0.4 mg OD

Serenoa repens, 
320 mg OD n/a n/a 40 6 months TPV, PSA Secondary High Risk

Odysanya 
2017, [30]

Tamsulosin, 
0.4 mg OD

Finasteride,  
5 mg OD

Tamsulosin, 
0.4 mg OD plus 

Finasteride,  
5 mg OD

n/a 60 6 months TPV Secondary High Risk

Morgia 
2014, [31]

Tamsulosin, 
0.4 mg OD

Phytotherapy 
(Non-Sr)

Tamsulosin,  
0.4 mg OD plus
Phytotherapy 

(Non-Sr)

n/a 150 12 months TPV, PSA Secondary Low Risk

Roehrborn 
2010, [32]

Tamsulosin, 
0.4 mg OD

Dutasteride,  
0.5 mg OD

Tamsulosin, 
0.4 mg OD plus 

Dutasteride,  
0.5 mg OD

n/a 3221 4 years TPV, PSA Secondary Low Risk

Debruyne 
1998, [33]

Alfuzosin SR, 
OD

Finasteride,  
5 mg OD

Alfuzosin SR,  
OD plus 

Finasteride,  
5 mg OD

n/a 707 6 months TPV, PSA Secondary Low Risk

Sakalis 2018, 
[34]

Tamsulosin, 
0.4 mg OD

Solifenacin,  
5 or 10 mg OD n/a n/a 69 6 months

TPV, TZV, 
PSA, 

Perfusion 
parameters

Primary Moderate 
Risk

Andersen 
1995, [35]

Finasteride,  
5 mg OD Placebo n/a n/a 707 24 months TPV, PSA Secondary Moderate 

Risk

Nickel 1996, 
[36]

Finasteride,  
5 mg OD Placebo n/a n/a 613 24 months TPV, PSA Primary Low Risk

McConnell 
1998, [37]

Finasteride,  
5 mg OD Placebo n/a n/a 312 48 months TPV Secondary Low Risk

Table 1. The characteristics of included trials
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Study,  
[reference]

Comparator 1,
Daily dosage

Comparator 2,
Daily dosage

Comparator 3,
Daily dosage

Comparator 4, 
Daily dosage

No. subjects
randomized

Duration of
Follow up

Reported 
parameters

Primary  
or Secondary 

endpoints

Study rating 
based on 

AHRQ criteria

Marberger 
1998, [38]

Finasteride,  
5 mg OD Placebo n/a n/a 2902 24 months TPV Secondary Moderate 

Risk

Kirby 1992, 
[39]

Finasteride,  
5 mg OD

Finasteride,  
10 mg OD Placebo n/a 66 3 months TPV, PSA Secondary High Risk

Finasteride 
group 1993, 
[40]

Finasteride,  
1 mg OD

Finasteride,  
5 mg OD Placebo n/a 750 12 months TPV, PSA Secondary Moderate 

Risk

Tammela 
1995, [41]

Finasteride,  
5 mg OD Placebo n/a n/a 36 6 months TPV Secondary High Risk

Pannek 
1998, [42]

Finasteride,  
5 mg OD Placebo n/a n/a 34 6 months TPV, PSA Secondary High Risk

Marks 1997, 
[43]

Finasteride,  
5 mg OD Placebo n/a n/a 41 6 months TPV, PSA Secondary Moderate 

Risk

Gormley 
1992, [44]

Finasteride,  
5 mg OD Placebo n/a n/a 597 12 months TPV, PSA Secondary Moderate 

Risk

Roehrborn 
2002, [45]

Dutasteride, 
0.5 mg OD Placebo n/a n/a 4325 24 months TPV, TZV, 

PSA Secondary Low Risk

Na 2012, 
[46]

Dutasteride, 
0.5 mg OD Placebo n/a n/a 253 6 months TPV, PSA Primary Moderate 

Risk

Tsukamoto 
2009, [47]

Dutasteride, 
0.5 mg OD Placebo n/a n/a 378 6 months TPV, PSA Secondary Moderate 

Risk

Andriole 
2010, [48]

Dutasteride, 
0.5 mg OD Placebo n/a n/a 8231 48 months TPV Secondary Moderate 

Risk

Nickel 2011, 
[49]

Finasteride,  
5 mg OD

Dutasteride,  
0.5 mg OD n/a n/a 1630 12 months TPV, PSA Primary Moderate 

Risk

Carraro 
1996, [50]

Finasteride,  
5 mg OD

Serenoa repens, 
320 mg OD n/a n/a 1098 6 months TPV, PSA Secondary Low Risk

Kuo 1998, 
[51]

Dibenyline,  
10 mg BD

Finasteride,  
5 mg OD n/a n/a 125 6 months TPV Secondary High Risk

Jeong 2009, 
[52]

a blocker OD 
plus

Finasteride,  
5 mg OD

a blocker OD 
plus

Dutasteride,  
0.5 mg OD

n/a n/a 120 24 months TPV, PSA Secondary Moderate 
Risk

Pinggera 
2014, [53]

Tadalafil,  
5 mg OD Placebo n/a n/a 97 8 weeks Perfusion 

parameters Primary Moderate 
Risk

Morgia 
2018, [54]

Serenoa 
repens plus 

Selenium, OD

Tadalafil,  
5 mg OD n/a n/a 427 6 months TPV, PSA Secondary Moderate 

Risk

Kosilov 2019, 
[55]

Tadalafil,  
5 mg OD

Tadalafil,  
5 mg OD plus  
Solifenacin,  
10 mg OD

n/a n/a 214 12 months TPV Secondary High Risk

Oztrurk 
2011, [56]

Alfuzosin XL 
OD

Alfuzosin XL OD 
plus Sildenafil, 

50 mg OD
n/a n/a 100 3 months TPV, PSA Secondary High Risk 

Joo 2012, 
[57]

Tamsulosin, 
0.2 mg OD

Tamsulosin,  
0.2 mg OD plus

Dutasteride,  
0.5 mg OD

n/a n/a 216 12 months TPV, TZV, 
PSA Secondary High Risk

Choi 2016, 
[58]

Tamsulosin, 
0.2 mg OD

Tamsulosin,  
0.2 mg OD plus

Dutasteride,  
0.5 mg OD

n/a n/a 118 12 months TPV, TZV, 
PSA Secondary Low Risk

Mohanty 
2006, [59] 

Tamsulosin, 
0.4 mg OD plus

Finasteride,  
5 mg OD

Tamsulosin,  
0.4 mg OD plus

Dutasteride,  
0.5 mg OD

n/a n/a 106 6 months TPV, PSA Secondary High Risk 

Table 1. Continue
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Study,  
[reference]

Comparator 1,
Daily dosage

Comparator 2,
Daily dosage

Comparator 3,
Daily dosage

Comparator 4, 
Daily dosage

No. subjects
randomized

Duration of
Follow up

Reported 
parameters

Primary  
or Secondary 

endpoints

Study rating 
based on 

AHRQ criteria

Yamanishi 
2017, [60]

Tamsulosin, 
0.2 mg OD plus

Dutasteride, 
0.5 mg OD

Tamsulosin,  
0.2 mg OD plus

Dutasteride, 
0.5 mg OD plus 
imidafenacin, 

0.2 mg OD

n/a n/a 163 24 weeks TPV, PSA Secondary Moderate 
Risk

Ryu 2014, 
[61]

Tamsulosin, 
0.2 mg OD

Tamsulosin,  
0.2 mg OD plus
Serenoa repens, 

320 mg OD

n/a n/a 120 12 months TPV, PSA Secondary Moderate 
Risk

Argirovic 
2013, [62]

Tamsulosin, 
0.4 mg OD

Serenoa repens, 
320 mg OD

Tamsulosin,  
0.4 mg OD plus
Serenoa repens, 

320 mg OD

n/a 184 6 months TPV, PSA Secondary High Risk

Beiraghdar 
2017, [63]

Phytotherapy 
(Non-Sr) Placebo n/a n/a 86 2 weeks TPV Secondary Moderate 

Risk

Berges 1995, 
[64]

Phytotherapy 
(Non-Sr) Placebo n/a n/a 163 6 months TPV Secondary Moderate 

Risk

Safarinejad 
2005, [65]

Phytotherapy 
(Non-Sr) Placebo n/a n/a 620 6 months TPV, PSA Secondary High Risk

Bent 2006, 
[66]

Serenoa 
repens,  

160 mg BD
Placebo n/a n/a 225 12 months TPV, TZV, 

PSA Secondary Low Risk

Marks 2000, 
[67]

Serenoa 
repens Placebo n/a n/a 44 24 weeks TPV, TZV, 

PSA Secondary Moderate 
Risk

Ye 2019, [68]
Serenoa 
repens,  

320 mg OD
Placebo n/a n/a 325 24 weeks TPV, PSA Secondary Low Risk

Zhang 2008, 
[69]

Phytotherapy 
(Non-Sr) Placebo n/a n/a 49 4 months TPV Secondary High Risk

Shi 2008, 
[70]

Serenoa 
repens Placebo n/a n/a 94 12 weeks TPV, PSA Secondary Moderate 

Risk

Guzman 
2019, [71]

Phytotherapy 
(Non-Sr), OD

Terazosin,  
5 mg OD n/a n/a 100 6 months TPV Secondary Moderate 

Risk

Braeckman 
1997, [72]

Serenoa 
repens,  

320 mg OD

Serenoa repens, 
160 mg OD n/a n/a 84 12 months TPV Secondary High Risk

Allott 2019, 
[73] Statin users Non- Statin 

users n/a n/a 4106 48 months TPV Primary Moderate 
Risk

Mills 2007, 
[74]

Atorvastatin, 
80 mg OD Placebo n/a n/a 350 26 weeks TPV, TZV, 

PSA Secondary Low Risk

Zhang 2015, 
[75]

Atorvastatin, 
20 mg OD Placebo n/a n/a 81 12 months TPV, PSA Secondary Moderate 

Risk

Safwat 2018, 
[76]

Tamsulosin, 
0.4 mg OD

Tamsulosin,  
0.4 mg OD plus
Cholecalciferol 

600IU OD

n/a n/a 389 24 months TPV, PSA Secondary Moderate 
Risk

Ghadian 
2017, [77]

Ω3 300 mg 
plus  

Tamsulosin  
0.4 mg plus 
Finasteride 

5 mg

Tamsulosin  
0.4 mg plus  
Finasteride  

5 mg

n/a n/a 100 6 months TPV Secondary High Risk

Di Silverio 
2005, [78]

Finasteride,  
5 mg OD

Finasteride, 
5 mg OD plus 

Rofecoxib,  
25 mg OD

n/a n/a 46 6 months TPV, PSA Secondary Moderate 
Risk

Table 1. Continue
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in men who received alfuzosin or placebo in both 
TPV (-2% or 0.25 ml vs +3% or +0.46 ml) and TZV  
(-2% vs -5% or -0.8 ml vs -0.39 ml) [22]. Five RCTs 
reported on post treatment PSA changes, which were 
similar to placebo [18–21, 23]. There was no informa-
tion on prostate perfusion parameters.
Ten RCTs randomized men (n = 5479) to an α-blocker 
versus an active comparator with a follow-up to  
24 weeks [24–33]. All studies reported non-significant 
TPV changes from baseline (-3.4% to +9.5% or -1.4 ml  
to +6.32 ml). CombAT randomized men to receive 
tamsulosin, dutasteride or combination and followed 
them up for 4.5 years [32]. Men in the tamsulosin 
arm increased TPV by +4.6% (+2.57 ml) and TZV  
by +18.2% (+5.5 ml). A single trial compared tamsu-
losin to silodosin and reported a reduction of TPV af-
ter 6 months, which was greater in the silodosin arm 
(-2.8% vs -8.6% or -1.0 ml vs -3.6 ml, p = 0.594) [27]. 
TPV changes after 3-months of Naftopidil  treatment 
were negligible and comparable to  tamsulosin [99]. 
A trial with high RoB reported +9.5% (+6.32 ml) in-
crease in TPV after 6 months tamsulosin monother-
apy, which was neither significantly different from 
baseline (p = 0.17) nor from the comparator [30]. The 
Alfin study reported no significant change in TPV 
(-1% or -0.2 ml) or PSA value (+3.3% or +0.1 ng/dl) 
after 6 months of alfuzosin treatment [33]. PSA was 
reported unchanged in four tamsulosin studies (-5.0% 
to +7.4%) [24, 28, 29, 31]. Tamsulosin monotherapy 
enhanced prostate perfusion (+146%) as opposed to 

in 10 comparisons, while 9 comparisons assessed the 
effect of non-urological medications. Among them, 
only 10 trials were powered to assess changes in 
morphometric parameters, while 57 reported a mor-
phometric parameter change as secondary outcome. 
The characteristics of included RCTs are presented 
in Table 1. 

Assessment of study quality

The summary of RoB assessment is presented  
in Figure 2 and Figure 3. Based on AHRQ criteria, 
16 RCTs were graded as low-risk, 31 as moderate-
risk and 20 as high-risk (Table 2). 

Data Synthesis
 
α1-blockers

Six trials randomized men (n = 4525) to α-blocker 
versus placebo (Table 1) [18–23]. The MTOPS ran-
domized men to receive doxazosin, finasteride, com-
bination or placebo and reported +24% (+10.1 ml)  
change in TPV of patients receiving doxazosin  
at 4 years, similar to placebo (+24% or +8.8 ml) 
[19]. The Veteran Affairs Cooperative Study (VA-
COOP Study) reported similar changes in terazosin 
and placebo arms at 12 months (+2.0% or +0.5 ml  
vs +2.3% or +0.5 ml) [18]. The ALFUS trial reported 
non-significant changes from baseline at 3 months  

Study,  
[reference]

Comparator 1,
Daily dosage

Comparator 2,
Daily dosage

Comparator 3,
Daily dosage

Comparator 4, 
Daily dosage

No. subjects
randomized

Duration of
Follow up

Reported 
parameters

Primary  
or Secondary 

endpoints

Study rating 
based on 

AHRQ criteria

Goodarzt 
2011, [79]

Terazosin,  
2 mg OD

Terazosin,  
2 mg OD plus 

Celecoxib,  
200 mg OD

n/a n/a 160 12 weeks TPV, PSA Secondary High Risk

Jhang 2013, 
[80]

Doxazosin,  
4 mg OD

Doxazosin,  
4 mg OD plus 

Celecoxib,  
200 mg OD

n/a n/a 122 3 months TPV, PSA Secondary High Risk

Page 2011, 
[81]

Testosterone 
1% 7.5 mg OD 
plus placebo

Testosterone 1% 
7.5 mg OD plus

Dutasteride,  
0.5 mg OD

n/a n/a 53 6 months TPV, PSA Secondary Moderate 
Risk

Kacker 2014, 
[82]

Testosterone 
plus placebo

Testosterone 
plus  

Dutasteride,  
0.5 mg OD

n/a n/a 23 12 months TPV, PSA Primary Moderate 
Risk

Chung 2011, 
[83]

a blocker OD 
plus 5ARI

a blocker OD 
plus

5ARI plus
Tolterodine

n/a n/a 137 12 months TPV, TZI, 
PSA Secondary Moderate 

Risk

AHRQ – Agency for Healthcare Research and Quality; BD – Twice Daily; n/a – not applicable; Non-Sr – other than Serenoa repens; OD – once daily; PSA – prostate-specific 
antigen; Sr – Serenoa repens; TPV – total prostate volume; TZI – transitional zone index; TZV – transitional zone volume

Table 1. Continue
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of 12 months or longer report higher TPV changes 
(-15.3% to -22.4% or -8.1 ml to -10.53 ml). The fin-
asteride study group randomized men to finasteride 
1 mg versus finasteride 5 mg versus placebo, and re-
ported similar TPV changes at 12 months (-23.6% 
vs -22.4% vs -5%), but the later was superior in im-
provement of clinical parameters such as maximum 
flow rate and relevant questionnaires scores [40].
Four dutasteride trials reported significant changes 
in TPV both from baseline or as compared to pla-
cebo [45-48]. The quantitative analysis revealed  
a large size effect [SMD]: -0.66 (95%CI: -0.83 to -0.49, 
p <0.001) (Figure 4). The effect on TPV appears 
homogenous among studies with different follow-
up and ranges between -17.5% and- 27.0% (-7.2 ml  
to -13.6 ml). Dutasteride also significantly reduces 
TZV (-20.1% or -7.1 ml, p <0.001), an effect which  
is evident from the first month of treatment. 
Nine finasteride RCTs report significant changes 
in PSA as compared to baseline or to placebo [18, 
19, 35, 36, 39, 40, 42, 43, 44]. The quantitative 
analysis revealed a moderate size effect in favor  
of finasteride ([SMD]:-0.63, 95%CI:-0.76 to 0.51),  
p <0.001) (Figure 4). Trials with 12 months follow-
up or more report a PSA change of -46.0% to -52%. 
Three dutasteride RCTs, report significant reduction 
in PSA (-42.2% to -52.4%), compared to both base-
line (p <0.05) and placebo (p <0.05) [45, 46, 47].
Five RCTs randomized men (n = 3615) to finaste-
ride versus an active comparator. All studies re-
port significant TPV changes from baseline (-10.5%  
to -24.3% or -4.3 ml to -7.5 ml) and significant differ-
ence from the active comparator [30, 33, 49, 50, 51]. 
The dutasteride arm of CombAT reported -28.0% 
(-15.3 ml) and -26.5% (-8.03 ml) reduction of TPV  
and TZV, respectively [32]. The EPICS study ran-
domized men to finasteride or dutasteride for  
12 months and found significant change from base-
line in both arms (-26.7% vs -26.3% or -13.99 ml  
vs -14.2 ml) without intergroup difference (p = 0.65) 
[49]. Another trial reported similar changes after 
12 months’ treatment with finasteride or dutas-

Figure 2. The risk of bias summary

Figure 3. The risk of bias graph

tamsulosin and solifenacin combination treatment 
(-41%) in a male overactive bladder (OAB) cohort [34]. 

5-ARIs

Sixteen trials randomized men (n = 21109) to 5-ARI 
versus placebo (Table 1) [18, 19, 35–48]. Twelve fin-
asteride trials reported significant changes in TPV as 
compared to baseline and to placebo [18, 19, 35–44]. 
The quantitative synthesis revealed a large effect 
size in favor of finasteride [SMD]: -1.15 (95%CI: -1.26  
to -1.04, p <0.001) (Figure 2). The effect on TPV 
varies between studies with different follow-ups. 
Trials with 3-6 months’ follow-up report changes be-
tween -4.8% and -26.1%, while trials with follow-up  
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Study
Individual Quality Assessment Criteria Ratings Overall 

Rating
COI  

Absent?1a 1b 1c 2a 2b 3a 3b 3c 3d 3e 4 5

Lepor 1996, [18] LR LR LR UR LR LR UR LR LR LR LR LR Low Risk No

McConnell 2003, [19] LR LR LR UR LR LR UR LR LR LR LR LR Low Risk No

Yokoyama 2012, [20] LR UR LR UR LR HR UR LR LR LR LR LR Low Risk No

Roerhborn 2006, [21] LR UR LR LR LR UR UR LR LR LR LR LR Low Risk No

Roerhborn 2006, [22] HR HR LR LR LR UR LR LR LR LR LR LR Moderate 
Risk No

Turkeri 2001, [23] UR UR HR HR LR UR UR UR LR LR HR HR High Risk Unclear

Debruyne 2002, [24] LR LR LR UR LR LR LR UR LR LR LR LR Low Risk No

Sengupta 2011, [25] LR LR LR UR UR LR UR UR LR LR HR HR Moderate 
Risk No

Latil 2015, [26] HR HR LR UR LR UR UR UR LR LR LR LR High Risk Unclear

Pande 2014, [27] LR HR LR LR HR HR UR LR LR LR HR UR Moderate 
Risk Unclear

Karami 2016, [28] LR HR HR UR HR UR HR HR LR LR HR HR High Risk Unclear

Hizli 2007, [29] HR HR HR UR LR HR HR UR LR LR UR LR High Risk Unclear

Odusanya 2017, [30] HR HR LR HR UR HR HR HR LR LR UR HR High Risk Unclear

Morgia 2014, [31] LR LR LR UR LR LR UR LR LR LR UR LR Low Risk Unclear

Roehrborn 2010, [32] LR LR LR LR UR UR UR LR LR LR LR LR Low Risk Unclear

Debruyne 1998, [33] LR LR LR UR LR LR UR LR LR LR LR LR Low Risk Unclear

Sakalis 2018, [34] LR LR LR HR HR LR LR HR LR LR LR LR Moderate 
Risk Yes

Andersen 1995, [35] LR UR LR LR LR UR UR LR LR LR HR LR Moderate 
Risk No

Nickel 1996, [36] LR LR UR LR LR LR LR LR LR LR HR LR Low Risk No

McConnel 1998, [37] LR LR LR LR LR LR LR LR LR LR LR LR Low Risk No

Marberger 1998, [38] LR UR LR UR LR LR LR LR LR LR HR LR Moderate 
Risk No

Kirby 1992, [39] LR UR UR HR HR HR HR UR LR LR LR HR High Risk Unclear

Finasteride group  1993, [40] LR UR UR UR UR UR HR HR LR LR UR LR Moderate 
Risk No

Tammela 1995, [41] LR HR UR HR HR UR HR HR LR LR LR HR High Risk Unclear

Pannek 1998, [42] UR HR HR UR UR UR UR UR LR LR HR UR High Risk Unclear

Marks 1997, [43] LR UR UR LR UR UR UR UR LR LR HR LR Moderate 
Risk Unclear

Gormley 1992, [44] LR LR UR UR UR LR LR LR LR LR HR LR Moderate 
Risk Unclear

Roehrborn 2002, [45] UR UR UR LR LR LR LR LR LR LR LR LR Low Risk Unclear

Na 2012, [46] LR LR UR UR UR LR LR LR LR LR LR LR Moderate 
Risk Unclear

Tsukamoto 2009, [47] LR UR UR HR HR UR UR UR LR LR UR UR Moderate 
Risk No

Andriole 2010, [48] LR LR UR UR UR UR LR UR LR LR LR UR Moderate 
Risk No

Nickel 2011, [49] LR LR UR HR UR UR LR UR LR LR LR LR Moderate 
Risk No

Carraro 1996, [50] LR LR LR UR LR LR UR UR LR LR LR LR Low Risk Unclear

Kuo  1998, [51] HR UR UR HR UR UR LR LR LR LR UR HR High Risk Unclear

Jeong 2009, [52] UR UR LR LR UR UR UR UR LR LR LR UR Moderate 
risk Unclear

Table 2. Detailed rating for included trials based on criteria developed by the Agency for Healthcare Research and Quality (AHRQ). 
The ratings were ‘Low-risk’, ‘Moderate-risk’ or ‘High-risk’
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Table 2. Continue

Study
Individual Quality Assessment Criteria Ratings Overall 

Rating
COI  

Absent?1a 1b 1c 2a 2b 3a 3b 3c 3d 3e 4 5

Jeong 2009, [52] UR UR LR LR UR UR UR UR LR LR LR UR Moderate 
risk Unclear

Pinggera 2014, [53] UR UR LR LR LR UR UR UR LR LR LR LR Moderate 
Risk No

Morgia 2018, [54] LR HR LR UR LR UR UR UR LR LR UR LR Moderate 
Risk No

Kosilov 2019, [55] UR UR HR LR UR UR UR UR LR LR UR UR High Risk Unclear

Ozturk 2011, [56] UR HR LR UR UR LR HR UR LR LR UR UR High Risk Unclear

Joo 2012, [57] LR UR UR UR HR UR UR LR LR LR UR UR High risk Unclear

Choi 2016, [58] LR LR UR LR UR UR UR LR LR LR LR UR Low Risk Yes

Mohanty 2006, [59] HR UR UR UR UR UR UR UR LR LR UR UR High Risk Unclear

Yamanishi 2017, [60] UR LR LR LR LR LR LR UR LR LR UR LR Moderate 
Risk No

Ryu 2014, [61] LR UR UR UR UR UR UR UR LR LR UR UR Moderate 
Risk Unclear

Argirovic 2013, [62] HG HG HR UR UR HR UR HR LR LR HR UR High Risk Unclear

Beiraghdar, 2017 [63] HR HR LR LR UR HR UR LR LR LR LR LR Moderate 
risk Yes

Berges, 1995 [64] LR LR LR LR LR UR UR LR LR LR UR LR Moderate 
risk No

Safarinejad, 2005 [65] HR HR LR UR LR LR LR UR LR LR UR UR High Risk Yes

Bent, 1995 [66] LR LR LR LR UR LR UR LR LR LR LR UR Low Risk Unclear

Marks, 2000 [67] LR LR HR LR LR LR UR HR LR LR UR HR Moderate 
risk Unclear

Ye, 2019 [68] LR LR LR UR LR LR UR LR LR LR LR LR Low Risk No

Zhang 2008, [69] HR UR LR UR UR LR HR HR LR LR LR HR High Risk Unclear

Shi, 2008, [70] LR LR HR LR LR LR UR UR LR LR UR LR Moderate 
risk Unclear

Guzman 2019, [71] LR LR LR LR HR LR UR HR LR LR HR UR Moderate 
Risk No

Braeckman 1997, [72] HR HR HR UC UC HR UC HR LR LR HR HR High Risk Unclear

Allott 2019, [73] LR HR UR UR UR UR LR UR LR LR UR LR Moderate 
Risk Unclear

Mills 2007, [74] LR LR UR UR LR LR LR LR LR LR UR LR Low Risk No

Zhang 2015, [75] UR LR UR LR UR UR UR LR LR LR UR LR Moderate 
Risk Yes

Safwat 2018, [76] LR UR UR LR LR UR UR HR LR LR UR UR Moderate 
Risk Yes

Ghadian 2017, [77] UR HR UR LR UR UR UR UR LR LR UR UR High Risk Unclear

Di Silverio 2005, [78] LR UR UR UR UR UR UR LR LR LR HR UR Moderate 
Risk Unclear

Goodarzt 2011, [79] HR HR UR UR UR UR UR UR LR LR LR UR High Risk Unclear

Jhang 2013, [80] HR UR UR UR UR HR UR UR LR LR UR UR High Risk Unclear

Page 2011, [81] LR LR UR UR LR UR UR UR LR LR LR UR Moderate 
Risk Unclear

Kacker 2014, [82] LR UR LR UR UR LR UR UR LR LR UR UR Moderate 
Risk Unclear

Chung 2011, [83] LR LR UR UR UR LR LR HR LR LR LR LR Moderate 
Risk Unclear

Griwan 2014, [99] LR HR UR LR UR UR UR LR UR UR LR LR Moderate 
Risk Unclear
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PDE-5 inhibitors

Yokoyama et al., randomized 612 men to receive 
tadalafil 2.5 mg, tadalafil 5 mg, tamsulosin 0.2 mg 
or placebo for 3 months (Table 3) [20]. Authors re-
ported non-significant changes in PSA from baseline 
in either tadalafil group (-7% vs -2%) that were simi-
lar to placebo. Pinggera et al., reported that tadalafil 
does not affect prostate perfusion as evaluated  

teride (-24.5% vs -26.1% or -9.76 ml vs -10.2 ml)  
but a significant increase of TPV (+11.2% vs 8.66%) 
12 months after discontinuation of 5-ARI therapy 
[52]. PSA changes were different from baseline 
(-47.7% vs 49.5%, p <0.01), without difference be-
tween groups (p = 0.776). The ALFIN study report-
ed a -50% change (-1.7 ±1.9, p <0.05) in PSA from 
baseline [33]. There was no information on prostate 
perfusion parameters.

Figure 4. Meta-analysis of 5-ARI effect on prostate morphometric parameters in placebo-controlled trials. A) Forrest plot of the 
effect of finasteride versus placebo on total prostate volume (TPV). B) Forrest plot of the effect of dutasteride versus placebo on 
total prostate volume (TPV). C) Forrest plot of the effect of finasteride versus placebo on prostate-specific antigen (PSA). D) For-
rest plot of the effect of finasteride on total prostate volume in placebo-controlled trials with 6 months follow-up. 
CI – confidence interval; SD – standard deviation 
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Phytotherapy

Eight trials randomized men (n = 1608) to phyto-
therapy versus placebo (Table 3) [63–70]. Four Sr 
trials reported non-significant changes in TPV as 
compared to placebo [SMD:0.12(95%CI:-0.03 to 0.27, 
p = 0.13) (Figure 5) [66, 67, 68, 70]. Non-Sr trials 
reported significant TPV reduction from baseline up  
to -16.9% [63, 64, 69]. Two trials reported similar  
TZV changes to placebo at 52 and 24 weeks respec-
tively [SMD:0.06 (95%CI:-0.18 to 0.30, p = 0.64) 
(Figure 3) [66, 67]. A small trial reported pronounced 
epithelial component involution in the transition-
al zone as compared to baseline (17.8% to 10.7%,  
p <0.01) in the Sr group [67]. Four trials reported 
non-significant small effects of phytotherapy on PSA 
as compared to placebo [SMD: -0.06 (95%CI: -0.21  
to 0.10, p = 0.46) (Figure 5) [66, 67, 68, 70]. There 
was no information regarding prostate perfusion pa-
rameters.
Ten trials randomized men (n = 2972) to phy-
totherapy versus active component [24, 25, 26, 
29, 31, 50, 54, 62, 71, 72]. Six RCTs compared Sr  
to an active comparator and reported non-signif-
icant changes in TPV from baseline (-7% to –2%  
or -2.0 ml to -0.7 ml) [24, 26, 29, 31, 50, 62].  
A single trial reported significant TPV change 
from baseline after Sr 320 mg once daily (-14.5%, 
p <0.001) or Sr 160 mg twice daily for 12 months 
(-9.6%, p <0.001) [72]. Two non-Sr trials report-
ed significant reduction in TPV as compared to 
baseline (-5.6% and -10.8%) [25, 71]. Six trials 
reported non-significant changes in PSA as com-
pared to baseline or to comparator (-15% to +10%  
or -0.3 ng/dl to +0.2 ng/dl) [24, 29, 31, 50, 62]. 
There was no information regarding TZV and 
prostate perfusion parameters. 

Other medications

A post hoc analysis of the REDUCE trial classified 
men on dutasteride as statin and non-statin us-
ers (Table 1) [73, 48]. Authors reported a signifi-
cant TPV change from baseline (-15.8% or -6.8 ml,  
p = 0.033) in the statin users’ subgroup as com-
pared to the non-statin users. The effect of dutas-
teride on lowering TPV was roughly 10-fold 
greater than the statin-associated effect at year 2  
(p <0.001) and year 4 (p <0.001) [73]. A 26-week 
RCT compared atorvastatin 80 mg versus placebo 
and reported no difference from baseline or between 
groups in TPV (-4.1% vs -4.7%, p = 0.654), in TZV 
(-12.5% vs -13.4%, p = 0.421) and in PSA (-3.6%  
vs 0%, p = 0.235) [74]. In contrast, a 12-month trial 
reported a significant difference in TPV in favor  

by 3 basic perfusion parameters [53]. There was  
no information on TPV and TZV changes.
The SPRITE study randomized men to tadalafil  
5 mg or phytotherapy [54]. No change of TPV was 
observed in the tadalafil arm at 6 months. Two tri-
als with high RoB reported a non-significant reduc-
tion in TPV from baseline after tadalafil (-5.9%) and 
sildenafil (-3.9%) treatment [55, 56]. PSA changes 
as reported in three trials were not significantly dif-
ferent from baseline (-8.6% - 0%) [28, 54, 56]. There 
was no information on TZV or prostate perfusion 
parameters.

Combination treatment

The 12-month VA-COOP study reported a sig-
nificant reduction in TPV from baseline (-18.8% 
or -7.0 ml, p <0.001) after terazosin and finas-
teride combination compared to non-significant 
changes in the placebo arm (+2.3% or +0.5 ml)  
(Table 3) [18]. MTOPS reported a similar reduc-
tion in the combination arm (-19% or -12.1 ml,  
p <0.001), while TPV increased significantly in 
the placebo arm (+24% or +8.8 ml, p <0.01) [19]. 
MTOPS reported a 50% PSA reduction, while  
VA-COOP reported an unexplained 39.1% increase 
from baseline. There was no information on TZV 
or prostate perfusion parameters.
Two 12-month studies randomized men to tamsu-
losin 0.2 mg versus tamsulosin plus dutasteride 
combination and reported a significant reduction 
of TPV (-18.8% to -26.9%), TZV (-17.7% to -19.7%) 
and PSA (-18.3% to -41.2%) in combination arms 
and no changes in tamsulosin arms [57, 58]. Mo-
hanty et al., compared tamsulosin plus finasteride 
versus tamsulosin plus dutasteride combination, 
and found similar TPV changes after 6 months  
of treatment [59]. 
Two 6-month RCTs assessed the influence of anti-
cholinergics in prostate morphometric parameters  
in men with OAB and BPE [34, 60]. A moderate 
risk trial randomized men to tamsulosin versus 
tamsulosin plus solifenacin combination [34]. Au-
thors reported a significant reduction of TPV (-9.5%  
or 5.5 ml, p <0.001), TZV (-12.5% or -2.5 ml,  
p <0.001) and prostate perfusion (-41%) in the com-
bination arm. Yamahishi et al., randomized men 
to tamsulosin plus dutasteride alone or with imi-
dafenacin. Both arms significantly improved TPV 
(-21.7% vs -22.6%) and PSA (-47.2% vs -38.8%), 
without significant differences between them. 
Three trials randomized men to tamsulosin mono-
therapy versus tamsulosin plus Serenoa repens 
(Sr). No significant differences in TPV or PSA were 
reported [29, 61, 62].
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A single study compared cholecalciferol 600 IU plus 
tamsulosin versus tamsulosin monotherapy and re-
ported non-significant TPV changes between groups 
(+8.1% vs +5.9%, p = 0.098) at 24 months [76].  

of atorvastatin group as compared to placebo 
(-11.7% vs +2.5%, p <0.01), changes which were 
more pronounced in obese patients compared to 
normoweight individuals [75].

Figure 5. Meta-analysis of Serenoa repens (Sr) and testosterone effect on prostate morphometric parameters effect in pla-
cebo-controlled trials. A) Forrest plot of the effect of Sr versus placebo on total prostate volume (TPV). B) Forrest plot of the 
effect of Sr versus placebo on transitional zone volume (TZV). C) Forrest plot of the effect of Sr versus placebo on prostate- 
specific antigen (PSA). D) Forrest plot of the effect of testosterone plus dutasteride combination versus testosterone monother-
apy on total prostate volume (TPV). E) Forrest plot of the effect of testosterone plus dutasteride combination versus testoster-
one monotherapy on PSA. 
CI – confidence interval; SD – standard deviation 
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a-priori written protocol. We also used a comprehen-
sive approach to determine RoB and to include stud-
ies with well-defined protocol assessing morphomet-
ric parameters.
The weaknesses relate to the limitations of the 
body of evidence that we analyzed. Based on AHRQ 
standards, 16 RCTs were considered as low-risk,  
31 RCT as moderate-risk and 20 as high-risk. Thir-
teen out of 28 placebo-controlled trials were con-
sidered of moderate-risk. Most trials were powered  
to assess post-treatment changes in clinical pa-
rameters such as relevant questionnaires or flow 
test. Only 10 RCTs were powered to assess changes  
in morphometric parameters as a primary outcome. 
An additional methodological issue relates to the 
technique used to evaluate prostate parameters.  
To overcome measurement bias, we included studies 
that describe in detail the method of volume calcu-
lation. Concerning PSA and perfusion parameters,  
we relied on data provided by each group.
α-blockers do not affect TPV, TZV or PSA. Studies 
with long-term follow-up report changes similar 
to placebo, while the observed significant differ-
ences from baseline result from physiologic growth. 
Animal experiments demonstrated that sympa-
thomimetics induce prostate hyperplasia, whereas 
quinazoline-based α-blockers exert apoptotic effect 
on human prostate cancer cell cultures [8]. This in 
vitro effect is not evident in clinical setting [83]. 
There is evidence that tamsulosin improves pros-
tate perfusion, possibly by the antagonistic action  
on α1A- and α1D-adrenoceptors of vesical arteries 
[12, 84]. A single RCT in OAB population reported 
increased perfusion up to +149%, which was similar 
to previous findings (+132.8%), hence the beneficial 
effect of tamsulosin on LUTS [85].
Robust evidence supports the effect of 5-ARIs on 
TPV, TZV and PSA. Dihydrotestosterone (DHT) in-
duces prostate growth via enhanced proteinosynthe-
sis and reduced apoptotic rates [86]. 5-ARIs reduce 
TPV, TZV and PSA in at least 85.3% of patients af-
ter six to twelve months of treatment [87]. A head-
to-head comparison of finasteride and dutasteride 
showed similar efficacy, but dutasteride effect ap-
pears sooner [49, 52]. A pooled analysis of dutaste-
ride trials reports significant changes of TPV start-
ing at 1st month of treatment, as a result of the faster 
DHT suppression [45, 47]. These changes reach the 
maximum effect at 12 months and this change is 
sustained thereafter [18, 19, 35–38, 40, 44]. DHT 
increases prostatic blood flow via increased expres-
sion of VEGF [86]. Finasteride downregulates VEGF 
and reduces prostate blood flow as early as 7 days 
after administration [11, 86]. Preliminary literature 
search on single-arm studies revealed two dutasteride  

Ω3-fatty acids in combination with tamsulosin 
and finasteride were non-superior to tamsulosin 
plus finasteride combination in reducing TPV [77].  
Di Silverio studied the effect of rofecoxib 25 mg 
with finasteride versus finasteride monotherapy 
and reported comparable reductions in TPV (-20.1%  
vs -20.2%) and PSA (-35.4% vs -36.4%) at 6 months 
[78]. They reported an accelerated effect in rofecox-
ib group. The effect of celecoxib was tested in two 
studies against terazosin and doxazosin [79, 80].  
The first reported that celecoxib reduces significant-
ly TPV (-12.9%) and PSA (-17.6%) and the latter re-
ported a significant PSA change (-17.0%) only. Two 
RCTs studied the effect of testosterone replacement 
in TPV and PSA of men with androgen deficiency 
syndrome [81, 82]. Both studies reported an increase 
in TPV (+7.6% and +5.9%) and PSA (10.7% and 
+8.2%) after testosterone supplementation. The co-
administration of dutasteride spares prostate from 
androgenic stimulation since both TPV (-13.1% and 
-14.7%) and PSA (-33.3% and -42.6%) were reduced 
significantly. The treatment effect was considered 
moderate in favor of combination regarding TPV 
[SMD: -0.44 (95%CI: -0.90 to 0.02, p = 0.06) (Fig-
ure 3) and PSA change [SMD: -0.50 (95%CI: -0.96  
to 0.04, p = 0.03).

Placebo arm

In phytotherapy trials, the changes in TPV were 
from -5.1% to +2.91% and in PSA from -4.2%  
to -1.0% [63–70]. A trial with 12-month follow-up  
reported +14.7% increase in TPV and +8.8% in-
crease in PSA [66]. In short-term RCTs with  
α-1 blockers, the changes in TPV and PSA were 
not significant, ranging from 2.3% to 3% and -4% 
to +10% respectively. In 5-ARI trials TPV change 
was reported between -10.0% and -2.7% in 6-month 
studies, -5.0% to -2.3% in 12-month studies, +2.0% 
to +14.0% in 24-month studies [18, 19, 35–48]. RE-
DUCE and MTOPS trials, both with long follow-up,  
reported TPV change +19.7% and +24.0% respec-
tively [48, 19]. The changes in PSA were -6.0%  
to -1.0%, -5.0% to -2.0% and +6% to +15.8% respec-
tively. 

DISCUSSION

Herein, we systematically reviewed the effect  
of pharmacotherapy on prostate morphometric  
parameters, namely TPV, TZV, PSA and prostate 
perfusion. The strengths of this review include the 
systematic and transparent approach to analyze the 
evidence base, including the Cochrane review meth-
odology, the adherence to PRISMA guidelines and 
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Statins reduce TPV, albeit ten times less than dutas-
teride [73]. Recent evidence shows that atorvastatin 
has pro-cell apoptotic action, a pro-cellular adhe-
sion effect, a pro-proliferation effect and an anti-
inflammatory action via reduction of Interleukin-6 
and IGF-1 [75]. Cholecalciferol and rofecoxib did not 
differ from their comparators. By contrast, celecoxib 
reduces both TPV and PSA [79, 80]. Testosterone 
replacement therapy restores DHT levels, thus TPV 
and PSA do not change further from a saturation 
point [82]. Dutasteride reduces TPV, PSA in men 
who receive testosterone replacement therapy, an 
effect that validates the influence of intraprostatic 
DHT on morphometric parameters.
A single summary for the effect of medications on 
prostate morphometric parameters is not possible. 
The degree of heterogeneity renders inappropriate 
any formal data pooling. The reasons of heterogene-
ity were the differences in study design, in follow-up 
duration, in sample size, in drop-out rates, in the 
inadequacy of reporting standards and in the forced 
unilateral regression to the mean (due to inclusion/
exclusion criteria other than volume such as uroflow-
metry). In addition, a small number of trials were 
powered enough to detect changes in morphometric 
parameters while others were characterized as low-
quality due to high risk of bias [100]. The placebo re-
sponse differs surprisingly among trials. A similar ef-
fect has been previously described [98]. The relevant 
mechanisms of this effect are poorly understood. 

CONCLUSIONS

A detailed review of the effect of medical therapy  
on prostate morphometric parameters has been pre-
sented. The 5-ARIs show large effect size in reducing 
TPV as compared to placebo. There is no difference 
between finasteride and dutasteride but data support 
an earlier influence of dutasteride on TPV. Quinaz-
olin-based α-blockers are associated with significant 
TPV changes in 4-year trials which are similar to pla-
cebo and represent the natural growth of prostate. 
Non-Sr phytotherapy appears to reduce TPV in con-
trast to a non-effect of Sr, but relevant studies suffer 
from moderate or high risk of bias. PDE5-inhibitors’ 
trials reported non-significant TPV changes. Among 
other medications, atorvastatin and celecoxib were 
found to significantly reduce TPV. A large effect  
on TZV is observed after either 5-ARI monotherapy 
or after combination treatment with an α-blocker, 
but the reduction in the latter group is less. PSA 
changes are significant in patients receiving 5ARI 
monotherapy or in combination. No other treatment 
class appears to affect PSA. There is less robust evi-
dence to suggest that tamsulosin improves prostate 

single-arm trials reporting a reduction in perfusion 
parameters [88, 89].
Even though there is little evidence, PDE5 in-
hibitors do not affect TPV, TZV and PSA. Studies  
on human prostatic tissue strips, suggested that up-
regulation of intracellular cGMP by PDE5 inhibition 
decreases smooth muscle tone and might attenuate 
prostate cells proliferation [3, 10, 90, 91]. Animal 
models of chronic pelvic ischemia demonstrated that 
PDE5 inhibitors increase cGMP levels and improve 
lower urinary tract perfusion [10]. Using contrast-
enhanced ultrasound, an observational study dem-
onstrated improvements in prostate perfusion after 
tadalafil administration [10, 92]. In men at high-risk 
for endothelial dysfunction, tadalafil significantly 
improves flow-mediated dilation of brachial artery 
as compared to controls [21, 93]. However, these va-
soactive effects of PDE5 inhibitors were not evident 
at clinical level [9, 10, 92, 94, 95]. A single RCT did 
not report any significant effect on prostate perfu-
sion parameters [53]. 
The overall effect of phytotherapy on prostate mor-
phometric parameters is ambiguous. Both placebo-
controlled and active medication-controlled trials  
on Sr reported no significant difference from compar-
ators, while non-Sr trial reported a significant reduc-
tion in TPV. These trials are characterized by high 
heterogeneity and poor quality. Conclusions from 
phytotherapy trials are difficult due to differences  
in consistency, concentration or extraction tech-
niques. As a result, the biological activity might dif-
fer even among studies with same extracts. A recent 
meta-analysis reported significant reduction in TPV 
and non-significant increase of PSA after adminis-
tration of hexanic extract of Sr [96]. 
Combination treatment is indicated when mono-
therapy fails to control symptoms. According to 
European Association of Urology (EAU) guidelines, 
α-blockers are combined with 5-ARIs to improve 
residual voiding LUTS or with an anticholinergic 
for residual storage symptoms [1]. CombAT report-
ed similar TPV changes between combination and 
dutasteride monotherapy arm (-27.3% vs -28.0%) 
[32]. TZV changes differ, almost statistically sig-
nificantly (-17.9% vs -26.5%, p = 0.052). In the case  
of α-blocker with anticholinergic combination the 
data is limited. A single RCT reported significant 
reduction in TPV, TZV and perfusion parameters 
with combination of solifenacin and tamsulosin  
as opposed to tamsulosin monotherapy [34]. There 
is no data on the effect of β3-agonists on TPV. 
Evidence from basic science shows that mirabe-
gron improves bladder wall blood flow and bladder 
dysfunction through amelioration of pelvic blood  
flow [97].
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perfusion while tadalafil has no effect on clinical per-
fusion parameters. 
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