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Abbreviations

and Acronyms

AUR ¼ acute urinary retention

BPH ¼ benign prostatic
hyperplasia

CO ¼ combination therapy

ER ¼ extended release

I-PSS ¼ International Prostate
Symptom Score

LUTS ¼ lower urinary tract
symptoms

PVR ¼ post-void residual urine
volume

Qmax ¼ maximal urinary flow
rate

RCT ¼ randomized clinical trial

WMD ¼ weighted mean
difference
Purpose: We performed a meta-analysis to compare treatment with a-blockers
and anticholinergics (ie combination therapy) to a-blocker monotherapy to clarify
the efficacy and safety of this treatment approach among men with storage
urinary symptoms related to benign prostatic hyperplasia.

Materials and Methods: We searched for trials of men with benign prostatic
hyperplasia/lower urinary tract symptoms that were randomized to combination
treatment or a-blockers alone. We pooled data from 7 placebo controlled trials
meeting inclusion criteria. Primary outcomes of interest included changes in
International Prostate Symptom Score (storage subscores) and urinary fre-
quency. We also assessed post-void residual volume, maximal flow rate and the
incidence of urinary retention. Data were pooled using random effects models for
continuous outcomes and the Peto method to generate odds ratios for acute
urinary retention.

Results: Combination therapy had a significantly greater reduction in Interna-
tional Prostate Symptom Score storage subscores (D �0.73, 95% CI �1.09 e �0.37)
and voiding frequency (D �0.69 voids, 95% CI �0.97 e �0.41). There was also a
greater reduction in maximal urinary flow rate (D �0.59 ml per second, 95%
CI �1.04 e �0.14) and increase in post-void residual urine volume (D 11.60 ml,
95% CI 8.50e14.70) with combination therapy. The number needed to treat
with combination therapy to cause 1 acute urinary retention episode was 101 (95%
CI 60e267).

Conclusions: Combination treatment with a-blockers and anticholinergics
significantly improved storage voiding parameters compared to men treated with
a-blocker therapy alone. This treatment approach is safe with a minimal risk of
increased post-void residual urine volume, decreased maximal urinary flow rate
or acute urinary retention.
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TO date, established medical interventions for men
with LUTS associated with benign prostatic hyper-
plasia/enlargement (eg a-blockers and 5a-reductase
inhibitors) have focused on the obstructive aspect of
patients’ symptoms. However, more than 40% of
men have a significant storage component to their
symptoms and 16% exhibit symptoms of an over-
active bladder.1,2 This suggests that anticholiner-
gics may have a role in symptom amelioration in
certain men with BPH/LUTS.

Indeed, prior randomized controlled trials have
demonstrated the efficacy of combination therapy
with a-blockers and anticholinergics.3,4 However,
existing trials report a variety of outcomes with
inconsistent findings. Furthermore, population
based data suggest that anticholinergic therapy is
rarely used to treat men with BPH, with less than
3% of receiving anticholinergics.5 This infrequent
use is widely held to be driven by fears of exacer-
bation of obstructive symptoms and urinary reten-
tion in an elderly population with BPH.

To better define the efficacy and safety of this
treatment approach, we performed a meta-analysis
of randomized clinical trials to quantify the effects
of combination therapy (ie anticholinergic medica-
tion in addition to an a-blocker) compared to
a-blocker monotherapy.
MATERIALS AND METHODS

Eligibility Criteria
Following the guidelines from the Quality of Reporting
of Meta-Analyses conference,6 we established inclusion
criteria before our search. We planned to include only
placebo controlled, RCTs of men with BPH that compared
combination therapy to a-blocker monotherapy. We
excluded studies examining medical therapy for men who
were treated with surgery for BPH. We excluded obser-
vational studies without a control group, those evaluating
anticholinergic monotherapy and trials where the control
group only received placebo.

Search Strategy
We searched MEDLINE�, Pre-MEDLINE, the Cochrane
Register of Controlled Trials, EMBASE and ClinicalTrials.
gov databases for trials of interest. We considered all
publications in any language published before September
12, 2012. Our search strategy combined and exploded
terms for “benign prostatic hyperplasia,” “bladder outlet
obstruction,” “anticholinergics” and “antimuscarinics”. We
also included specific generic and trade drug names in our
search. We contacted major drug companies regarding
recently completed trials for which datawere available.We
reviewed the references of selected randomized trials to
identify other publications potentially missed by our
initial search.

Study Selection
Quality of the randomized trials was assessed based on
method of randomization, allocation concealment, blind-
ing, evidence of selective reporting, rates of completion of
assigned intervention and the group used for final
statistical analysis (ie full analysis set vs intent to treat).7

We included studies that were deemed high quality by
consensus between study authors.

Outcomes of Interest and Data Extraction
The primary outcomes of interest were changes in the
I-PSS storage subscores and urinary frequency, which
both reflect storage LUTS among men with BPH.8

Secondary outcomes of interest included Qmax, PVR
and the incidence of AUR. Data were abstracted using a
standardized form and inconsistencies with data were
discussed until consensus was reached with study
authors. We attempted to contact study authors to clarify
questions on study design or to supplement missing data
from individual publications.

Statistical Analysis
For continuous outcomes, the effect size of interest was
the difference in pre-intervention and post-intervention
mean scores or values (ie weighted mean difference).
One trial with 2 intervention arms with varied doses had
the respective means and standard deviations pooled for
comparison to the control group.9 Missing standard de-
viations for pretreatment and posttreatment mean values
were imputed by using the arithmetic mean of available
standard deviations.10 Missing standard deviations for
change scores were calculated using pre-intervention and
post-intervention means and standard deviations, with a
correlation coefficient of 0.5.11 Due to clinical differences
between RCTs (ie medication types, inclusion criteria) we
pooled WMDs using DerSimonian and Laird random
effects models.12 As AUR and urethral catheterization
were rare events, we used the Peto method of calculating
odds ratios for both of these dichotomous outcomes.13

Statistical heterogeneity was assessed with the I2 sta-
tistic, which measures the proportion of inconsistency in
individual studies not explained by chance.14 To assess for
publication bias, funnel plots were created for each
outcome and qualitatively assessed. Influence analyses
assessed whether significant findings were affected by
exclusion of individual trials. Sensitivity analyses were
carried out with variations of the correlation coefficient
(ie r ¼ 0.0, 0.25 and 0.80). Subgroup analyses were plan-
ned a priori and performed to try to understand statistical
heterogeneity between trials. As prior exposure to
a-blockers may influence treatment effect, we stratified
our forest plots based on this variable. All tests were

http://ClinicalTrials.gov
http://ClinicalTrials.gov
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2-tailed and we set the probability of Type 1 error at 0.05.
Stata� version 11.0 was used for all statistics.
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RESULTS
A total of 2,198 references were identified in the
initial database search (fig. 1). Through an abstract
review we excluded all references related to other
topics, nonhuman studies, editorials, alternate
study designs (ie observational studies) and dupli-
cate references. Fifty potentially relevant RCTs
were evaluated more closely with a review of the full
text and 43 articles were then excluded resulting in
a total of 7 RCTs which met study criteria.

In total, 3,629 patients were randomized in
the 7 pooled studies (see table). Different types
of anticholinergic medications were evaluated, in-
cluding tolterodine,4,15,16 oxybutynin ER,17 sol-
ifenacin,9,18 and fesoterodine.19 Five trials allowed
use of a-blockers before trial entry (ie add-on
therapy).9,16e19 Four trials evaluated tamsulosin as
the a-blocker,4,9,17,18 2 trials did not specify a-blocker
type,16,19 and the remaining trial included dox-
azosin.15 Only 1 trial had a true intent to treat anal-
ysis where all randomized patients were included in
the final analysis.15 The remaining trials analyzed
only the patients who had taken at least 1 dose of
their assigned medication (ie full analysis set).
However, all trials had less than 7% of randomized
patients excluded from the final efficacy analyses
(see table). All trials had blinded allocation to both
Figure 1. Study selection process for trials included in meta-

analysis.
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patients and providers. Mean subject age ranged
from 61.0 to 70.0 years (supplementary table, http://
jurology.com/). Baseline I-PSS and storage scores
ranged from 13.4 to 22.2 points and 7.1 to 10.3 points,
respectively. Baseline PVR and Qmax values ranged
from 17.8 to 60.6 ml and 10.8 to 15.7 ml per second,
respectively. All of the included trials assessed end-
points after 12 weeks of therapy.

Efficacy (I-PSS storage subscores and urinary

frequency)

Five individual studies demonstrated a signifi-
cantly greater reduction of I-PSS storage scores
Figure 2. Forest plots of primary outcomes from pooled analysis, st

primary outcomes of interest for meta-analysis. Mean difference is

compared to a-blocker monotherapy. Sizes of data markers are pro

represent 95% CI for each study. X axis represents magnitude of ch

line represent greater reduction of each outcome with combinatio

combination therapy. White diamonds represent pooled effect size

pooled data. Gray broken vertical line represents value of overall po

pooled data. I2 values represent heterogeneity of each analysis.
with treatment with anticholinergics and
a-blockers.4,9,15e17 Combination therapy resulted in
a greater reduction of I-PSS storage subscores.
(WMD �0.73, 95% CI �1.09 e �0.37, p <0.01,
I2 ¼ 83.5%). This effect was significant irrespective
of prior exposure to a-blockers, with a greater effect
seen with prior a-blocker use (WMD �1.07, 95% CI
�1.75 e �0.38, p <0.01, I2 ¼ 87.1%, fig. 2, A).

Of the 6 studies with available data, 5 showed a
greater reduction in urinary frequency with combi-
nation therapy.4,9,15,16,19 Each study reporting this
outcome used patient bladder diaries for documen-
tation. Patients treated with combination therapy
ratified by prior use of a-blockers. Figure is divided between 2

difference between treatment effect of combination therapy

portional to weight of each study in analysis. Horizontal bars

ange of each outcome of interest. Data to left of black vertical

n therapy and data to right represent greater increase with

s for each subgroup and overall, which extend to 95% CI of

oled effect size. P values correspond to test of significance for

http://jurology.com/
http://jurology.com/
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had fewer voids per 24 hours compared to those
treated with a-blockers alone (WMD �0.69 voids
per 24 hours, 95% CI �0.97 e �0.41, p <0.01,
I2 ¼ 82.2%). There was a greater magnitude of effect
among patients who had not been treated with
a-blockers previously (WMD �1.04 voids per
24 hours, 95% CI �1.30 e �0.77, I2 ¼ 0.0%, fig. 2, B).

Safety (Qmax, PVR and AUR)

Combination therapy increased PVR more than
a-blocker monotherapy (WMD 11.60 ml, 95% CI
8.50e14.70, p <0.01, I2 ¼ 0.0%, fig. 3, A). Although
the finding was only significant in one individual
Figure 3. Forest plots of PVR and Qmax outcomes, stratified by prio

interest for meta-analysis. Mean difference is difference between tr

monotherapy. Sizes of data markers are proportional to weight of ea

study. X axis represents magnitude of change of each outcome o

reduction of each outcome with combination therapy and data to rig

diamonds represent pooled effect sizes for each subgroup and overa

line represents value of overall pooled effect size. P values corresp

heterogeneity of each analysis.
study,16 the pooled data showed a significantly
greater reduction of Qmax with combination
therapy compared to a-blocker monotherapy (WMD
�0.59 ml per second, 95% CI�1.04e �0.14, p¼ 0.01,
I2 ¼ 0.0%). However, there was not a statistically
significant difference among studies without prior
a-blocker treatment (WMD �0.41 ml per second, 95%
CI �2.04e1.22, p ¼ 0.62, fig. 3, B). All included
studies used uroflowmetry and ultrasonography to
measure Qmax and PVR, respectively.

Acute urinary retention was rare overall; only
1.4% (2 of 2,917) of patients treated with an
anticholinergic and a-blocker experienced AUR,
r use of a-blockers, divided between 2 secondary outcomes of

eatment effect of combination therapy compared to a-blocker

ch study in analysis. Horizontal bars represent 95% CI for each

f interest. Data to left of black vertical line represent greater

ht represent greater increase with combination therapy. White

ll, which extend to 95% CI of pooled data. Gray broken vertical

ond to test of significance for pooled data. I2 values represent
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compared to only 0.4% (7 of 1,704) on a-blocker
monotherapy. Of note, only 2 trials mentioned how
AUR was defined.9,19 Although this did represent a
significant increase in the odds of AUR (OR 3.05,
95% CI 1.54e6.02, I2 ¼ 0.0%), the absolute risk
increase was only 1.0%. Therefore, the number
needed to treat with combination therapy to result
in 1 additional case of AUR was 101 (95% CI
60e267). The requirement for urethral catheteri-
zation was exceedingly rare (0.5% with combination
therapy vs 0.3% with a-blocker monotherapy) and
combination therapy did not increase the odds
of this complication (OR 2.44, 95% CI 0.81 e 7.39,
I2 ¼ 0.0%, fig. 4).
Figure 4. Forest plots of odds ratios for acute urinary retention and u

AUR in meta-analysis. Mean difference is difference between trea

monotherapy. Sizes of data markers are proportional to weight of ea

study. X axis represents magnitude of change of each outcome of

odds of each outcome with combination therapy and data to right

therapy. White diamonds represent pooled odds ratios, which exten

of overall pooled odds ratios. P values correspond to test of signific

analysis.
Results from subgroup analyses did not demon-
strate any instances where the direction of effect
changed significantly. The only trial that used
doxazosin as an a-blocker had the greatest reduc-
tion in I-PSS storage subscores.15 Trials that had a
minimum cutoff for I-PSS storage subscores as an
inclusion criterion had a greater magnitude of
reduction of I-PSS storage subscores (�1.38 vs
�0.49) and 24-hour voids (�1.10 vs �0.60, data
available upon request). Furthermore, by our qual-
itative review, funnel plots assessing publication
bias were distributed symmetrically and evenly for
all outcomes (figures available upon request). Our
influence analyses showed no significant changes
rethral catheterization, divided between 2 outcomes related to

tment effect of combination therapy compared to a-blocker

ch study in analysis. Horizontal bars represent 95% CI for each

interest. Data to left of black vertical line represent decreased

represent increased odds of each outcome with combination

d to 95% CI of pooled data. Gray vertical line represents value

ance for pooled data. I2 values represent heterogeneity of each
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regarding efficacy. Regarding safety, excluding the
trial by Chapple et al16 and the trial reported by
Yamaguchi et al9 both resulted in a marginal loss of
significance for changes in Qmax (figures available
upon request).
DISCUSSION
Numerous clinical trials have examined the efficacy
and safety of anticholinergics combined with
a-blockers for men with benign prostatic hyperpla-
sia. However, individual trials have focused on a
diverse array of primary outcomes and may have
been underpowered to find significant differences
in their secondary outcomes. For instance, the 7
pooled trials in this meta-analysis used 5 different
primary outcomes including effects on patient
perception of treatment benefit,4 I-PSS,17 I-PSS
storage subscores,15 urinary frequency18 and uri-
nary urgency.9,19 The performance of a meta-
analysis allows one to overcome this limitation by
increasing statistical power with pooled data, as
has been seen with medical expulsive therapy for
ureteral calculi20 and perioperative intravesical
chemotherapy to minimize tumor recurrence for
bladder cancer patients.21 Since most trials pre-
sented a mixture of primary outcomes (with varied
results), our meta-analysis represents a unique,
cohesive presentation of the efficacy and safety
associated with combination therapy for men with
BPH. Although our findings parallel what has
previously been described in other systematic re-
views,22 the only meta-analysis to date only quan-
tified changes in PVR, Qmax and urodynamic
parameters.23 Furthermore, it predates the major-
ity of the RCTs that we have incorporated into our
meta-analysis.

Perhaps the most consequential finding of our
meta-analysis is that the use of combination
therapy among men with BPH did not have a clin-
ically significant impact on important safety
parameters (ie PVR and maximal urinary flow).
Furthermore, the incidence of AUR was exceedingly
rare with combination therapy, requiring treatment
of over 100 individuals with anticholinergics and
a-blockers to result in a single additional case of
AUR. What is more, our analysis demonstrated
that, compared to a-blocker monotherapy, combi-
nation therapy demonstrated significantly more
improvement in clinical parameters specific to
storage symptoms for men with BPH/LUTS
(ie I-PSS storage subscores and urinary frequency).

Though statistically significant, we admit that
these findings are of unknown clinical significance.
The established change in I-PSS (overall) for men
with BPH that is considered clinically significant is
4 or more points.24 However, the findings of this
study were validated among a heterogeneous
BPH population, so they are not necessarily gener-
alizable to a population with more storage LUTS.
Since our meta-analysis focused on men with stor-
age LUTS, one can speculate that clinical effects
of anticholinergics among typical men with BPH
(without storage symptoms) may be less impressive.
Nevertheless, our study supports the notion that
combination therapy with anticholinergics and
a-blockers is a safe treatment modality with
marginal effects on PVR, maximal urinary flow and
the risk of acute urinary retention. In that context,
it is also important to remember that the significant
benefit of combination therapy (as opposed to
a-blocker monotherapy) exists on a spectrum, with
certain patients (particularly those with more stor-
age symptoms) being more likely to show a clinically
significant response.

To that end, further studies are required to
address unanswered issues related to management
of men with BPH with combination therapy. More
work will be required to identify the group of men
with BPH that would benefit most from anticholin-
ergic therapy. Our study suggests (as expected) that
men with storage related symptoms have a greater
improvement in I-PSS storage subscores and
voiding frequency with combination therapy. As
novel anticholinergic medications emerge, future
clinical trials perhaps should continue to focus on
this patient population. In addition, it is unclear
how anticholinergics combined with other BPH
related medications (ie 5a-reductase inhibitors,
phosphodiesterase-5 inhibitors) would affect storage
related LUTS for men with BPH. Finally, the
durability of this treatment approach is unclear, as
all of the included studies only tracked patients for
3 months.

Several limitations of our analysis should be
considered. We noted statistical heterogeneity in
some of our analyses, but this was partially rectified
by using a random effects model.12 We included
trials with different medication types and other
differences in clinical characteristics. However,
subgroup analyses did not find any significant dif-
ferences in our results based on these factors (eg
type of anticholinergic). We decided to exclude trials
that did not use a placebo for the control arm, as
they would be susceptible to inadequate blinding.
Though this abandons available data, inclusion
of such studies would likely muddy the waters
and stray from the true clinical effects of combina-
tion therapy. Finally, some analyses depended on
imputed or extrapolated data using validated
statistical techniques. We addressed this with
sensitivity analyses that changed the correlation
coefficient, which did not result in any significant
variation in our overall findings.
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CONCLUSIONS
Combination therapy with anticholinergics and
a-blockers has a significantly greater reduction in
I-PSS storage scores and urinary frequency,
compared to a-blockers alone. The risk of urinary
retention associated with combination therapy
was minimal. Combination therapy may be a
reasonable option for men with BPH and LUTS,
particularly if their symptoms have a significant
storage component.
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