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OVERACTIVE BLADDER IS A SYN-
drome characterized by uri-
nary urgency, with or with-
out urgency urinary

incontinence, usually with increased
micturition frequency during the day
and at night (ie, nocturia).1 An esti-
mated 10 million men 40 years or older
have symptoms consistent with overac-
tive bladder.2 Overactive bladder symp-
toms are often attributed to detrusor
overactivity, a condition characterized
by involuntary detrusor contractions
during bladder filling.1

In men, detrusor overactivity may co-
exist with bladder outlet obstruction due
to benign prostatic hyperplasia (BPH),
or it may be secondary to obstruction,
whereby the increased pressure re-
quired to void leads to structural changes
in the bladder, which in turn, increases
the excitability of detrusor smooth
muscle cells.3 Bladder outlet obstruc-
tion may also cause urinary hesitancy, in-
termittency, weak stream, and other
lower urinary tract symptoms. Overac-
tive bladder symptoms are reasonably
well correlated with detrusor overactiv-
ity, but hesitancy, intermittency, and
weak stream correlate poorly with blad-
der outlet obstruction4; thus, these uri-
nary symptoms may not be indicative of
underlying pathophysiology.
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Context Men with overactive bladder and other lower urinary tract symptoms may
not respond to monotherapy with antimuscarinic agents or �-receptor antagonists.

Objective To evaluate the efficacy and safety of tolterodine extended release (ER),
tamsulosin, or both in men who met research criteria for both overactive bladder and
benign prostatic hyperplasia.

Design, Setting, and Participants Randomized, double-blind, placebo-controlled
trial conducted at 95 urology clinics in the United States involving men 40 years or older
who had a total International Prostate Symptom Score of 12 or higher and, an Interna-
tional Prostate Symptom Score quality-of-life (QOL) item score of 3 or higher, a self-
rated bladder condition of at least moderate bother, and a bladder diary documenting
micturition frequency (�8 micturitions per 24 hours) and urgency (�3 episodes per 24
hours), with or without urgency urinary incontinence. Patients were recruited between
November 2004 and February 2006, and the study was completed May 2006.

Interventions Patients were randomly assigned to receive placebo (n=222), 4 mg
of tolterodine ER (n=217), 0.4 mg of tamsulosin (n=215), or both tolterodine ER plus
tamsulosin (n=225) for 12 weeks.

Main Outcome Measures Patient perception of treatment benefit, bladder diary vari-
ables, International Prostate Symptom Scores, and safety and tolerability were assessed.

Results A total of 172 men (80%) receiving tolterodine ER plus tamsulosin reported
treatment benefit by week 12 compared with 132 patients (62%) receiving placebo
(P�.001), 146 (71%) receiving tamsulosin (P=.06 vs placebo), or 135 (65%) receiv-
ing tolterodine ER (P=.48 vs placebo). Patients receiving tolterodine ER plus tamsu-
losin compared with placebo experienced significant reductions in urgency urinary in-
continence (−0.88 vs −0.31, P=.005), urgency episodes without incontinence (−3.33
vs −2.54, P=.03), micturitions per 24 hours (−2.54 vs −1.41, P�.001), and micturi-
tions per night (−0.59 vs −0.39, P.02). Patients receiving tolterodine ER plus tamsu-
losin demonstrated significant improvements on the total International Prostate Symp-
tom Score (−8.02 vs placebo, −6.19, P=.003) and QOL item (−1.61 vs −1.17, P=.003).
All interventions were well tolerated. The incidence of acute urinary retention requir-
ing catheterization was low (tolterodine ER plus tamsulosin, 0.4%; tolterodine ER, 0.5%;
tamsulosin, 0%; and placebo, 0%).

Conclusions These results suggest that treatment with tolterodine ER plus tamsu-
losin for 12 weeks provides benefit for men with moderate to severe lower urinary
tract symptoms including overactive bladder.
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The current standard of care for men
with lower urinary tract symptoms is
treatment with �-adrenergic receptor
antagonists, which reduce smooth
muscle tone in the prostate and bladder
neck and decrease bladder outlet resis-
tance.5 If the prostate is very large, a
5�-reductase inhibitor may also be pre-
scribed to reduce prostatic volume.5

Treatment with these agents is often ini-
tiated on the assumption that these uri-
nary tract symptoms are caused by BPH.
However, because overactive bladder
symptomsmaycoexistwithBPHorblad-
der outlet obstruction without being
caused by the prostatic condition, phar-
macotherapies that target only the pros-
tate (and not the bladder) may not alle-
viate overactive bladder symptoms.4

Althoughantimuscarinicagents, such
as tolterodine, reduce detrusor overac-
tivity andare indicated for the treatment
of overactive bladder symptoms, many
men are only prescribed antimuscarinic
agents for overactive bladder symptoms
that persist after surgery to remove or
shrink theprostate. Somecliniciansmay
electnottoinitiateantimuscarinictherapy
inmenbeforesurgerybecauseofconcern
that decreasing detrusor contractility
could increase the risk of urinary reten-
tion in cases of potential outlet obstruc-
tion.However,primarystudies6,7andpost
hoc analyses8,9 suggest that tolterodine
is not associated with an increased inci-
dence of urinary retention in men with
overactivebladder,withorwithoutother
lower urinary tract symptoms.

Somemenenrolled inoveractiveblad-
derstudiesdonot respondtoantimusca-
rinic agents, and some men enrolled in
BPHstudiesdonotrespondto�-receptor
antagonists,7,105�-reductaseinhibitors,11,12

oracombinationofboth.13Treatmentfail-
ures may be due to the practice of using
entry criteria that identify patients with
symptomsthatarelikelytorespondtothe
testeddrugbasedonitsmechanismofac-
tion:overactivebladdersymptomsinthe
case of antimuscarinic agents and lower
urinary tract symptoms associated with
BPHinthecaseof�-receptorantagonists
and 5�-reductase inhibitors, regardless
ofwhetherotherlowerurinarytractsymp-
toms are present.

Measures used to assess treatment ef-
ficacy in each of the 2 types of trials are
similarly targeted.Specifically,menwith
BPH are often identified and enrolled in
clinical trials based, in part, on having
anInternationalProstateSymptomScore
(IPSS)14,15 of 12 or higher,11,16,17 and the
changeinIPSSisusedtoassess treatment
benefit. However, the IPSS does not
include an item for urgency urinary in-
continence and does not allow for the
quantification of micturition frequency
or degree of urgency. Thus, overactive
bladdersymptomscannotbeassessedap-
propriately with this instrument. Con-
versely, bladder diaries, which are often
used to qualify patients with overactive
bladder for enrollment in studies of an-
timuscarinicagents,donotcapturesymp-
toms,suchashesitancy,intermittency,and
weak stream quality that may be present
in addition to overactive bladder symp-
toms. Thus, men with suspected BPH
basedonIPSSand thosewhohavedocu-
mentedtheiroveractivebladdersymptoms
in a diary are candidates for enrollment
ineithertypeofstudyandreceivetherapy
thattargetsonly1of2conditionsthatmay
contribute to their symptoms.

Results of several small-scale, non–
placebo-controlled studies of men with
urodynamicallyconfirmeddetrusorover-
activity and bladder outlet obstruction
have supported the use of combination
treatment with an �-receptor antago-
nist and an antimuscarinic agent.10,18

However, treatment of patients based on
symptoms rather than urodynamic end
points would improve the generalizabil-
ity of the results to clinical practice.

For this study, we identified men who
reported at least moderate bother due to
lowerurinary tract symptoms,hadsymp-
tomssuggestiveofBPH(total IPSS�12),
and diary-documented symptoms of
overactive bladder (ie, urgency and mic-
turition frequency, with or without
urgency urinary incontinence). These
men may be representative of a large
populationofpatientswhohavenotbeen
identified in previous clinical trials and
are difficult to treat because they have 2
concomitant conditions (ie, detrusor
overactivity and BPH). We evaluated the
efficacy and safety of the antimuscar-

inic tolterodine extended release (ER),
the �1-receptor antagonist tamsulosin,
and treatment with both agents vs pla-
cebo in this population of men. This
large-scale trial was designed to investi-
gate the effects of these 2 widely used
pharmacotherapies in a population of
men who met standard research criteria
for both overactive bladder and BPH.

METHODS
Patients

Patients were recruited at urology of-
fices and clinics. Eligible patients were
men 40 years and older with a total IPSS
of 12 or higher; an IPSS quality-of-life
(QOL) item score of 3 or higher; and a
self-rated bladder condition of “some
moderate problems,” “severe prob-
lems,” or “many severe problems” based
on thePatientPerceptionofBladderCon-
dition question.19 Additional inclusion
criteria were micturition frequency (�8
micturitions per 24 hours) and urgency
(�3 micturitions with urgency rating �3
per 24 hours) for 3 or more months.

Men with clinically significant blad-
der outlet obstruction (defined as a
postvoid residual volume �200 mL and
maximum urinary flow rate �5 mL/s),
or serum prostate-specific antigen of
more than 10 ng/mL with risk of pros-
tate cancer were excluded. Other exclu-
sioncriteria includedhistoryofpostural
hypotension or syncope; significant he-
patic or renal disease; some neurologic
conditions (eg, multiple sclerosis,
spinal cord injury, Parkinson disease);
prostatecancer;prostatesurgeryorother
intervention; history of acute urinary
retention requiring catheterization;
use of an indwelling catheter or self-
catheterization program; bladder outlet
obstruction due to causes other than
BPH; or any condition for which anti-
muscarinicusewascontraindicated.Men
treated with an �-receptor antagonist
within 2 weeks; antimuscarinic, antis-
pasmodic,sawpalmetto,orelectrostimu-
lation within 1 month; any investiga-
tional drug within 2 months; or a 5�-
reductase inhibitor within 3 months of
screening were also excluded.

Written informed consent was ob-
tained from each patient. Each investi-
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gator obtained prospective approval of
the trial protocol, protocol amend-
ments, informed consent forms, and
other relevant documents from the
appropriate institutional review board or
independent ethics committee. All
correspondence with the institutional re-
view board or independent ethics com-
mittee was retained by the investigator
and copies of approvals were for-
warded to the sponsor.

Study Design

This was a 12-week, randomized,
double-blind, active- and placebo-
controlled trial conducted at 95 urol-
ogy clinics in the United States. At each
clinic,patientspresentingwith loweruri-
nary tract symptoms were screened for
eligibility.Forassessmentofdemograph-
ics, race (white, black, Asian, or other
[categoriesspecifiedbythesponsor])was
reported by the investigator).

At the end of the baseline period, pa-
tients who met all protocol criteria and
were eligible to receive study medica-
tion were randomly assigned using a 1:1:
1:1 randomization ratio. All patient iden-
tification numbers and randomization
numbers were assigned sequentially in
ascending order beginning with the low-
est number available. The randomiza-
tion scheme was prepared by the study
biostatistician, applying a block size of
8, and produced by the randomization
administrator. Patients were dispensed
study medication and randomized num-
bers were taken from the drug supply
kit. All study medication and placebo
were similar looking and smelling. Treat-
ment allocations were balanced across
the 4 treatment groups and blinded to
patients, site investigators, and all study
personal directly involved in conduct of
the study.

Patients were randomly assigned to re-
ceive placebo, 4 mg of tolterodine ER, 0.4
mg of tamsulosin, or tolterodine ER plus
tamsulosin once a day for 12 weeks. Pa-
tients were instructed to take study medi-
cation approximately 30 minutes after
dinner. This dosing regimen is consis-
tent with instructions provided in the
tamsulosin package insert.20 The objec-
tive of the study was to evaluate the ef-

ficacy and tolerability of these interven-
tions in men with lower urinary tract
symptoms including clinically docu-
mented overactive bladder who were
bothered by their bladder condition. We
hypothesized that men who received
tolterodine ER plus tamsulosin would
perceive greater treatment benefit than
would men who received placebo.

Clinical Efficacy Assessments

The primary efficacy end point was pa-
tient perception of treatment benefit at
week 12. The Perception of Treatment
Benefit question21 was administered af-
ter weeks 1, 6, and 12 of treatment. At
each visit, the investigator asked the pa-
tient, “Have you had any benefit from
your treatment?” and if so, “Have you
had little benefit or much benefit?” Sec-
ondaryefficacymeasures includedblad-
der diary variables. For every voluntary
micturition or urgency urinary incon-
tinenceepisode, thepatient recordedthe
time of day and rated how urgently he
neededtopassurineona5-pointurgency
ratingscale(1,nourgency,“I feltnoneed
toemptymybladderbutdid so forother
reasons”;2,mildurgency, “I couldpost-
pone voiding as long as necessary with-
out fear of wetting myself”; 3, moder-
ate urgency, “I could postpone voiding
for a short time without fear of wetting
myself”; 4, severe urgency, “I could not
postpone voiding but had to rush to the
toilet in order not to wet myself”; 5, ur-
gencyurinaryincontinence,“I leakedbe-
fore arriving at the toilet.”).22-24

The following variables were as-
sessed: the change from baseline in ur-
gency urinary incontinence episodes
(urgency rating, 5) per 24 hours, ur-
gency episodes (nonurgency urinary in-
continence micturitions with urgency
rating, 3 or 4) per 24 hours, total mic-
turitions per 24 hours, and micturi-
tions per night. Patients were in-
structed to complete bladder diaries for
the 5 days preceding visits at baseline
and weeks 1, 6, and 12 of treatment.
Analyses of urgency urinary inconti-
nence at all time points were based only
on patients with urgency urinary in-
continence at baseline (urgency uri-
nary incontinence episodes �0 per 24

hours). Nighttime was defined as the
time a patient went to bed for the night
until the time he arose.

Secondary efficacy measures also in-
cluded the IPSS, which was com-
pleted by patients at baseline and weeks
1, 6, and 12 and assessed as the change
from baseline. Postvoid residual vol-
ume was measured using ultrasound,
and maximum urinary flow rate was
measured using a flowmeter. Both were
assessed at baseline and week 12. All
adverse events were recorded.

Statistical Analyses

As specified in the study protocol, effi-
cacy analyses were based on the intent-
to-treat (ITT) population, defined as
thosepatientswhoreceivedat least1dose
of study medication and who had a base-
line assessment and at least 1 postbase-
line assessment. Sample size determina-
tionswerebasedonaprojectedtreatment
difference of 15% between the tolterod-
ine ER plus tamsulosin group and pla-
cebo group with respect to the propor-
tion of patients who reported treatment
benefit by week 12. It was assumed that
the percentage of patients with treat-
ment benefit would be no less than 58%
in the tolterodine ER and tamsulosin
group and no more than 43% in the pla-
cebo group. This assumption was based
on data collected from men enrolled in
a previous study of tolterodine ER.25

Using a 2-tailed �-level of .05 with 80%
power and assuming the true response
rates of 58% vs 43%, 178 patients per
group were required. Allowing for an
approximate15%dropoutrate,weaimed
to enroll 832 men (208 per group).

Between-groupdifferences for theper-
centageofpatientsanswering“yes” to the
questions related to treatment benefit at
weeks 1, 6, and 12 were analyzed with a
2-sidedFisherexact test.Missingdata for
patient perception of treatment benefit
were handled using the last observation
carried forward technique. Diary values
wereaveraged forall availablediarydays,
but completion of 3 or more days of a
5-day diary period was required for the
datatobeincludedintheanalysis. If fewer
than3daysof thediaryperiodwerecom-
pleted, postbaseline data were imputed

TREATMENT OF LOWER URINARY TRACT SYMPTOMS

©2006 American Medical Association. All rights reserved. (Reprinted) JAMA, November 15, 2006—Vol 296, No. 19 2321

Downloaded From: https://jamanetwork.com/ on 05/22/2023



using the last observation carried for-
ward. Changes in diary variables were
analyzed using an analysis of covari-
ance model with terms for center, treat-
ment, postvoid residual volume, maxi-
mumurinaryflowrate,andbaselinevalue
of the variable being analyzed. Changes
onthe IPSS total andQOLitemwereana-
lyzed using an analysis of covariance
modelwithtermsforsmokingstatus,age,
center, duration of overactive bladder,
and baseline score.

Missingpostbaselinedata for total IPSS
and QOL item scores were also im-
puted using the last observation carried
forward. In additional post hoc analy-
sis, patients with missing data for per-
ception of treatment benefit at week 12
were assigned to the no-benefit group,
ie, assuming no change from baseline val-
ues. The results of this analysis were
comparable with those reported herein.

Assessments of safety and tolerabil-
ity were based on all patients who re-
ceived at least 1 dose of study medica-

tion. Changes in maximum urinary flow
rate and postvoid residual volume were
analyzed using an analysis of covari-
ance model with terms for center, treat-
ment, and baseline value of the variable
being analyzed. Adverse events were
summarized descriptively. Patients who
ingested 80% or more of the study medi-
cation during the treatment period (as
assessed by the investigator at the end of
the trial) were considered adherent.
Fisher exact tests were performed us-
ing SAS version 8.2 (SAS Institute Inc,
Cary, NC). Exact 95% confidence inter-
vals for between-group differences were
calculated using STATXACT version 4.0
(Cytel, Inc, Cambridge, Mass).

Blinded sample size re-estimation was
conducted on treatment benefit using the
Friede and Kieser26 approach for binary
data when approximately 50% of the re-
quired ITT population had been en-
tered into the database. The sample size
re-estimation results indicated suffi-
cient sample size. Consequently, there

were no changes in the preplanned
sample size.

RESULTS
Patients

Patientswere recruitedbetweenNovem-
ber 2004 and February 2006. The study
was completed May 8, 2006. A total of
879 patients were randomly assigned to
1 of the 4 treatment groups. Patient dis-
position is summarized in FIGURE 1, and
demographic and baseline clinical char-
acteristics are summarized in TABLE 1.
At least 85% of patients in each treat-
ment group completed the study. Few
patients discontinued because of lack
of efficacy (0%-4%) or adverse events
(2%-9%). There was no significant dif-
ference between the 4 treatment groups
with regard to the proportions of dis-
continuations (P=.87, Pearson �2 test)
nor the timing of discontinuation
(P=.79, overall log-rank test) suggest-
ing that the last observation carried for-
ward analysis of efficacy was not biased
in favor of the active treatment groups.

The mean (SD) age of the ITT popu-
lation was 62 (10) years (range, 40-92
years). Eighty-three percent of patients
were white. At baseline, 24% of patients
reported urgency urinary incontinence
(1.0[1.6] episodes per 24 hours). Base-
line values for other bladder diary vari-
ableswere7.2(3.8)urgencyepisodesper
24 hours, 11.9 (3.2) micturitions per 24
hours, and 2.0 (1.3) micturitions per
night. Mean (SD) IPSS total and QOL
itemscoreswere19.9(5.3)and4.6(0.9),
respectively.Maximumurinaryflowrate
at baseline was 12.9 (7.2) mL/s and
postvoidresidualvolumewas53.1(53.2)
mL.Morethan95%ofpatients intheITT
population had adhered to study medi-
cation regardless of group assignment.

Asstipulated in thestudyprotocol,17
patients (1.9% of those randomized: 4
tolterodineERplustamsulosin,5toltero-
dineER,3tamulosin,5placebo)wereex-
cluded from the primary efficacy analy-
sis because they either did not receive
studydrug(n=3)ordidnothavepostbase-
lineefficacydata(n=14).Elevenpatients
(1%ofthoserandomized:4takingtoltero-
dine ER plus tamsulosin; 2, tolterodine
ER; 3, tamsulosin, and 2, placebo) were

Figure 1. Study Flow Diagram

222 Assigned to Receive
Placebo

217 Assigned to Receive
Tolterodine ER

215 Assigned to Receive
Tamsulosin

225 Assigned to Receive
Tolterodine ER +
Tamsulosin

1531 Patients Assessed for Eligibility

188 Completed Study 189 Completed Study 186 Completed Study 191 Completed Study

652 Excluded
481 Did Not Meet Inclusion or Met 

Exclusion Criteria
24 Lost to Follow-up
29 Other

118 Refused to Participate Further

2 Excluded (Did Not
Receive Study Drug)

32 Discontinued Study
7 Adverse Event
7 Lack of Efficacy
5 Withdrew Consent
4 Protocol Deviation
4 Lost to Follow-up
5 Other

1 Excluded (Did Not
Receive Study Drug)

27 Discontinued Study
5 Adverse Event
8 Lack of Efficacy
9 Withdrew Consent
2 Protocol Deviation
1 Lost to Follow-up
1 Death
1 Other

29 Discontinued Study
7 Adverse Event
9 Withdrew Consent
4 Protocol Deviation
4 Lost to Follow-up
5 Other

34 Discontinued Study
20 Adverse Event
4 Lack of Efficacy
2 Withdrew Consent
6 Lost to Follow-up
2 Other

215 Included in Efficacy
Analysis

220 Included in Safety
Analysis

2 Excluded (Did Not
Receive Study Drug)

210 Included in Efficacy
Analysis

216 Included in Safety
Analysis

1 Excluded (Did Not
Receive Study Drug)

209 Included in Efficacy
Analysis

215 Included in Safety
Analysis

217 Included in Efficacy
Analysis

225 Included in Safety
Analysis

879 Randomized
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excluded fromthe ITTanalysisbasedon
the findings of a site audit based on the
findings of a site audit performed due to
irregularities in which some data, espe-
ciallydiarydatafrominterimvisits,could
not be verified. A sensitivity analysis of
theprimaryendpointthat includedthese
28patientsintheno-benefitcategorypro-
duced results consistent with the analy-
sis that excluded them.

Efficacy End Points

Intheprimaryefficacyanalysis,172(80%)
of 215 patients receiving tolterodine ER
plus tamsulosinreported treatmentben-
efitbyweek12comparedwith132(62%)
of 214 receiving placebo(P�.001), 136
(65%) of 209 receiving tolterodine ER
(P=.48 vs placebo), or 146 (71%) of 207
receiving tamsulosin (P=.03 vs placebo;
TABLE2).Neithergroupreceivingmono-
therapy demonstrated significant differ-
encesvsplaceboinpercentagesofpatients
reporting treatment benefit (Table 2).
Aposthocanalysisofpatientswithmiss-
ingdata forperceptionof treatmentben-
efit at week 12 were assigned to the
no-benefit group demonstrated results
consistent with those from the analysis
specified in the protocol (Table 2).

Treatmentefficacyforoveractiveblad-
der symptoms was assessed using data
from bladder diaries. Compared with
placebo,significantreductionsforallblad-
derdiaryvariables(FIGURE2)weredem-
onstrated inthetolterodineERplus tam-
sulosin group by week 12, as well as at
earlier time points: week 1 for
urgencyepisodesper24hours(P�.001)
andmicturitionsper24hours(P�.001),
and week 6 for urgency episodes per 24
hours (P=.006), micturitions per 24
hours (P�.001), and micturitions per
night (P=.02; Figure 2). Patients in the
tolterodine ER group compared with
those in the placebo group experienced
significant reductions in only urgency
urinary incontinence episodes per 24
hours at week 12 (P=.008) and at week
6 (P=.001; Figure 2). Although there
were no significant differences between
tamsulosinmonotherapyandplacebofor
any diary variables at week 12, mictu-
ritions per 24 hours were significantly
reduced at week 1 (P=.03) and urgency

urinary incontinence episodes per 24
hoursweresignificantlyreducedatweek
6 (P=.004; Figure 2).

Similar trends were observed for the
IPSStotalandQOLitem.Byweek12,sig-
nificant improvements on the IPSS total
andQOLitemweredemonstrated in the
tolterodine ER and tamsulosin group
(bothPvalues.003vsplacebo;FIGURE3).
In this group, significant improvements
on the QOL item were observed as early
asweek6(P=.02;Figure3B).Therewere
no significant differences between
tolterodine ER and placebo on the total
IPSS at any visit. There were significant

improvementsvsplacebointhetotalIPSS
amongpatientswhoreceivedtamsulosin
atweek12(P=.007;Figure3A)andweek
1 (P=.001), but the effect was not ob-
served at week 6. The tamsulosin group
did not demonstrate a statistically sig-
nificant improvement in the IPSS QOL
item at either week 12 or week 6, al-
thoughatransient improvementwasob-
served at week 1 (P=.03; Figure 3B).

Safety and Tolerability

All 3 active interventions were well tol-
erated. The most frequent adverse event
reported in patients receiving active treat-

Table 1. Demographics and Baseline Clinical Characteristics

Demographics

No. (%)

Placebo
(n = 215)

Tolterodine ER
(n = 210)

Tamsulosin
(n = 209)

Tolterodine ER
� Tamsulosin

(n = 217)

Age, y
Mean (SD) 62.8 (9.7) 61.8 (9.6) 61.7 (10.5) 61.0 (9.6)

Range 40-88 41-91 40-90 40-92

40-49 18 (8) 18 (9) 25 (12) 26 (12)

50-59 60 (28) 71 (34) 59 (28) 60 (28)

60-69 80 (37) 76 (36) 72 (34) 87 (40)

70-79 45 (21) 37 (18) 44 (21) 38 (18)

�80 12 (6) 8 (4) 9 (4) 6 (3)

Race
White 178 (83) 165 (79) 173 (83) 188 (87)

Black 20 (9) 27 (13) 19 (9) 9 (4)

Asian 1 (1) 3 (1) 2 (1) 2 (1)

Other 16 (7) 15 (7) 15 (7) 18 (8)

Common comorbidities*
Hypertension 109 (49) 107 (49) 95 (44) 105 (47)

Arthritis 79 (36) 79 (36) 79 (37) 80 (36)

Hypercholesterolemia 74 (33) 59 (27) 57 (27) 45 (20)

Erectile dysfunction 59 (27) 57 (26) 49 (23) 53 (24)

Coronary artery disease 37 (17) 25 (12) 30 (14) 28 (12)

Diabetes, type 2 37 (17) 35 (16) 32 (15) 31 (14)

Depression 31 (14) 30 (14) 36 (17) 30 (13)

Diary variables, mean (SD)
Urgency urinary incontinence episodes
per 24 h†

0.98 (1.26) 0.84 (0.85) 0.71 (0.92) 1.40 (2.58)

Urgency episodes per 24 h 7.33 (3.82) 7.58 (3.49) 7.10 (3.83) 6.72 (3.95)

Micturitions per 24 h 11.86 (3.24) 11.79 (2.83) 12.10 (3.51) 11.92 (3.35)

Micturitions per night 2.02 (1.19) 1.97 (1.27) 1.74 (1.20) 2.07 (1.32)

Duration of symptoms, mean (SD), y 5 (6.68) 5 (4.86) 5 (5.06) 6 (7.27)

IPSS, mean (SD)
IPSS total 20.00 (5.42) 19.53 (5.15) 20.04 (5.02) 20.10 (5.49)

IPSS QOL 4.58 (0.95) 4.57 (0.94) 4.57 (0.86) 4.55 (0.93)

Maximum urinary flow rate, mean (SD), mL/s 12.2 (6.6) 13.3 (7.8) 13.4 (7.6) 12.7 (6.8)

Postvoid residual volume, mean (SD), mL 47.1 (47.7) 50.5 (55.8) 56.5 (55.0) 58.8 (53.8)
Abbreviations: ER, extended release; IPSS, International Prostate Symptom Score; ITT, intent to treat; QOL, quality of life.
*All randomized patients.
†Among ITT patients with urgency urinary incontinence episodes of at least 1 in 24 hours at baseline (placebo, 48; toltero-

dine ER, 53; tamsulosin, 50; tolterodine ER plus tamsulosin, 52).
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ment was dry mouth. Two patients tak-
ing tamsulosin and 5 patients taking
tolterodine ER plus tamsulosin stopped
treatment because of dry mouth. The in-
cidences of adverse events reported for
2% or more of any treatment group are
reported in TABLE 3.

All treatment groups demonstrated
slight changes in maximum urinary flow
rate compared with baseline (placebo,
−0.53; tolterodine ER, −0.60; tamsu-
losin,−0.22; and tolterodineERplus tam-
sulosin, 0.07). Neither the changes from
baseline nor comparisons between any
2 groups were statistically significant (all
P values �.3). Patients treated with
tolterodine ER and those treated with
tolterodine ER plus tamsulosin demon-
strated 5 to 6 mL increases in postvoid
residual volume from baseline (pla-
cebo, −3.61; tolterodine ER, 5.27; tam-
sulosin, 0.11; tolterodine ER plus tam-
sulosin, 6.42). These increases were not
statistically or clinically significant, and
there were no significant differences in
the change in postvoid residual volume
between any 2 groups.

Ninepatients reported increasedvoid-
ing difficulties, including urinary reten-
tion(n=6),decreasedurinary flow(n=2),
or both (n=1). Two patients taking pla-
cebo; 1, tolterodine ER; and 1, toltero-
dine ER plus tamsulosin discontinued
treatment because of urinary retention,
decreased urinary flow, or both. Of these
4 patients, 2 required urinary bladder
catheterization (TABLE 4). The first
patient, 75 years old, required catheter-
izaton after taking tolterodine ER plus
tamsulosin for 4 days. He discontinued
thatday.Theother,78yearsold, reported
decreased urinary flow after 5 days of
tolterodine ER treatment. He recovered
the same day, but on day 11, he reported
urinary retention, underwent catheter-
ization, and dropped out of the study.

COMMENT
This study is, to our knowledge, the first
large-scale, randomized, double-blind,
placebo-controlled study to investigate
the efficacy of an antimuscarinic agent,
an �-receptor antagonist, and treat-
ment with both active drugs in men both-

ered by lower urinary tract symptoms,
including use of a diary to document
overactive bladder symptoms. A signifi-
cantly greater proportion of patients in
the tolterodine ER plus tamsulosin group
reported treatment benefit than the 3
other groups. The proportion of pa-
tients reporting treatment benefit in the
tolterodine ER and tamsulosin mono-
therapy groups were not significantly dif-
ferent from placebo.

The symptoms of urgency urinary in-
continence, urgency, and 24-hour and
nocturnal micturition frequency were
also significantly improved by week 12
in the group receiving tolterodine ER
plus tamsulosin vs placebo but not in
the tamsulosin group. In the tolterod-
ine ER group, only urgency urinary in-
continence episodes per 24 hours were
significantly reduced at week 12. The
IPSS total and QOL item scores were
significantly improved by week 12
among patients receiving tolterodine ER
plus tamsulosin. In the tamsulosin
group, total IPSS was significantly im-
proved by week 12, but the QOL item
was not significantly improved com-
pared with placebo. Tolterodine ER
monotherapy was not associated with
significant improvements on the IPSS
total or QOL item score. Changes in
postvoid residual volume, maximum
urinary flow rate, or incidence of acute
urinary retention did not differ signifi-
cantly among the 4 treatment groups.

The question about the patient’s per-
ception of treatment benefit was se-
lected as the primary end point be-
cause it is based on the assumption that
the patient provides a global response
that weighs the risks (eg, adverse
events) and benefits (eg, symptom re-
lief, life impact) of treatment.21 Patient-
reported outcomes are particularly im-
portant for evaluating the therapeutic
benefit of pharmacotherapies that do
not cure chronic conditions.27

However, determining how much
change in a patient-reported outcome
measure is clinically meaningful can be
a challenge. The concept of a mini-
mally important difference—the small-
est change in a patient-reported out-
come measure that would be considered

Table 2. Patients Reporting Treatment Benefit at Week 12

Placebo
(n = 215)

Tolterodine ER
(n = 210)

Tamsulosin
(n = 209)

Tolterodine ER
� Tamsulosin

(n = 217)

Protocol-Specified Intention-to-Treat Analysis*

Missing, No. 1 1 2 2

Patient report, No. (%)
Benefit 132 (61.7) 136 (65.1) 146 (70.5) 172 (80.0)

No benefit 82 (38.3) 73 (34.9) 61 (29.5) 43 (20.0)

Pairwise comparison, P value
(95% CI for difference), %†

Placebo .48 (−6 to 13) .06 (−1 to 19) �.001 (9 to 28)

Tolterodine ER .25 (−4 to 15) .001 (6 to 25)

Tamsulosin .03 (1 to 19)

Post Hoc Intention-to-Treat Analysis‡

(n = 222) (n = 217) (n = 215) (n = 225)

Patient report, No. (%)
Benefit 132 (59.5) 136 (62.7) 146 (67.9) 172 (76.4)

No benefit 90 (40.5) 81 (37.3) 69 (32.1) 53 (23.6)

Pairwise comparison, P value
(95% CI for difference), %†

Placebo .49 (−6 to 13) .07 (−1 to 18) �.001 (8 to 26)

Tolterodine ER .27 (−4 to 15) .002 (5 to 23)

Tamsulosin .06 (0 to 18)
Abbreviations: CI, 95% 2-sided exact confidence interval; ER, extended release.
*Values reflect intention-to-treat analysis in which missing data for patient perception of treatment benefit were handled by

imputation using the last observation carried forward.
†Between-group analyses compared percentages of patients who answered “yes” to the question: “Have you had any

benefit from your treatment?”
‡Values reflect intention-to-treat analysis in which missing data for patient perception of treatment benefit were handled by

imputation assuming no change from baseline values.
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meaningful to a patient—was devel-
oped to quantify these changes.28 Al-
though the minimally important differ-
ence for how patients perceive treatment
benefit has not been determined, this
question was used to anchor (ie, serve
as an external criterion with which to
comparechanges inahealth-relatedQOL
domain29) studies determining the mini-
mally important difference of 2 vali-
dated overactive bladder–specific health-
related QOL, the Overactive Bladder

questionnaire30 and the King’s Health
questionnaire.31 In these studies, pa-
tients reporting treatment benefit also ex-
perienced improvements in most health-
related QOL domains.

Previous clinical studies have dem-
onstrated that the reduction in urgency
urinary incontinence episodes is a ro-
bust end point with regard to response
to antimuscarinic therapy.8,25,32 Not sur-
prisingly, patients receiving tolterodine
ER alone demonstrated significant re-

ductions in episodes of urgency urinary
incontinence compared with placebo.
For the other bladder diary variables,
only patients receiving both active drugs
demonstrated significant reductions
compared with placebo. Significant im-
provements on the total IPSS were ob-
served by week 12 among patients re-
ceiving tamsulosin and among those
receiving tolterodine ER plus tamsu-
losin. However, data from the tamsu-
losin group suggest that a significant

Figure 2. Outcomes Measures Among Treatment Groups
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change on the total IPSS does not nec-
essarily correspond to a significant im-
provement on the IPSS QOL item in this
population. The IPSS does not include
an item for urgency urinary inconti-

nence nor does it measure urgency or
daytime or nocturnal micturition fre-
quency in a quantitative manner. In ad-
dition, only 3 of the 7 IPSS questions re-
late tooveractivebladder symptoms.This

may explain why tolterodine ER mono-
therapy did not significantly improve
total IPSS, although it significantly re-
duced urgency urinary incontinence.

Drymouthwastheadverseeventmost
frequentlyreportedbypatients receiving
activetreatment.The7%incidenceofdry
mouthexperiencedbythetolterodineER
groupis less thanwhathasbeenreported
in previous trials of patients receiving
tolterodine ER for overactive bladder
(23%,25 34%32).However, someevidence
suggeststhatnighttimedosingmayreduce
the incidenceofdrymouthandotherad-
verse events.33 The reason for the differ-
encebetweentheincidenceofdrymouth
inthemonotherapygroups(7%)andthe
combination group (21%) requires fur-
ther investigation.

There has been concern that the in-
hibitory effect of antimuscarinic agents
on detrusor muscle contraction could
theoretically aggravate the voiding dif-
ficulties or cause urinary retention and
possible bladder outlet obstruction. To
address this concern, maximum uri-
nary flow rate, postvoid residual vol-
ume, discontinuation from trial with
symptoms suggestive of urinary reten-
tion, and incidence of acute urinary re-
tention were evaluated. There were no
significant changes in maximum uri-

Table 4. Urinary Retention Summary

Placebo
(n = 220)

Tolterodine ER
(n = 216)

Tamsulosin
(n = 215)

Tolterodine ER
� Tamsulosin

(n = 225)

No. of reported adverse events 4 4 0 2

Urinary retention 3 2 0 2

Urinary flow decreased 1 2 0 0

No. of discontinuation due
to adverse event

2 1 0 1

Catheterization required 0 1 0 1
Abbreviation: ER, extended release.

Figure 3. Changes From Baseline in International Prostate Symptom Score and Quality of Life Scores
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Table 3. Incidence of All-Cause Adverse Events (Safety Population)

Adverse Event
Placebo
(n = 220)

Tolterodine ER
(n = 216)

Tamsulosin
(n = 215)

Tolterodine ER
� Tamsulosin

(n = 225)

Constipation 5 (2) 9 (4) 2 (1) 8 (4)

Diarrhea 3 (1) 7 (3) 6 (3) 5 (2)

Dizziness 2 (1) 3 (1) 12 (6) 6 (3)

Dry mouth 5 (2) 16 (7) 15 (7) 47 (21)

Dyspepsia 5 (2) 2 (1) 1 (1) 3 (1)

Ejaculation failure 0 (0) 0 (0) 4 (2) 7 (3)

Fatigue 6 (3) 2 (1) 3 (1) 2 (1)

Headache 7 (3) 2 (1) 9 (4) 14 (6)

Nasal congestion 2 (1) 0 (0) 3 (1) 10 (4)

Somnolence 2 (1) 2 (1) 5 (2) 4 (2)
Abbreviation: ER, extended release.
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nary flow rate or postvoid residual vol-
ume for any treatment group.

Tamsulosin monotherapy signifi-
cantly increased maximum urinary flow
rate in previous studies, and differ-
ences in the results between those and
the current study may be attributed to
differences in baseline values. Base-
line maximum urinary flow rate was 9
to 10 mL /s in phase 3 tamsulosin stud-
ies34; these values suggest bladder out-
let obstruction.35 Maximum urinary
flow rate increased approximately 2
mL /s with tamsulosin treatment.34

In the current study, mean maximum
urinaryflowrateatbaselinewas12.9mL /
s. Improvements in maximum urinary
flowratemaybelesslikelyinpatientswith
greater flow rates at baseline, reflecting
unilateral regression to themeanartifact
and part of the placebo effect complex.36

The incidenceof acuteurinary retention
was low among patients receiving active
treatment(tolterodineERplustamsulosin,
0.5%; tolterodineER,0.5%).The lowin-
cidenceofacuteurinaryretention iscon-
sistentwithratesreportedformenenrolled
in previous 3- to 6-month studies of
tolterodine ER monotherapy7-9 or in ad-
dition to �-receptor antagonists.10,18 In
these studies, the incidence of acute uri-
nary retentionwithactive treatmentwas
comparable with placebo.

Results from previous small-scale,
non–placebo-controlled studies sup-
port the use of tolterodine plus �-recep-
tor antagonist therapy in men with lower
urinary tract symptoms, presumably in-
cluding overactive bladder symptoms.
Lee et al10 reported that 32 (73%) of 44
men with urodynamically confirmed de-
trusor overactivity and bladder outlet ob-
struction who did not respond to treat-
ment with doxazosin experienced
symptomatic improvements (�3-point
reduction on the total IPSS) after 3
months of treatment with doxazosin and
tolterodine. In another study, Athana-
sopoulos et al18 administered tamsu-
losin to 50 men with urodynamically
confirmed bladder outlet obstruction and
detrusor overactivity. After a week, these
men were randomized to tamsulosin plus
tolterodine or tamsulosin alone for 3
months. Significant improvements in

urodynamics and a QOL measure were
observed in patients receiving both tam-
sulosin and tolterodine, but not among
those receiving tamsulosin alone. The
current study extends the understand-
ing of the efficacy and safety of treat-
ment with tolterodine alone or with an
�-receptor because of its large-scale,
4-group, placebo-controlled design and
inclusion of patients based on overac-
tive bladder and BPH research entry cri-
teria rather than urodynamic criteria.

All efficacy results should be inter-
preted in light of the limitation that the
study was only powered to differentiate
the effects of treatment between the
tolterodine ER plus tamsulosin and the
placebo groups. However, the inclu-
sion of the monotherapy groups was im-
portant to provide insight into the re-
sponse tomonotherapyofmenwhomeet
standard research criteria for inclusion
in both overactive bladder and BPH trials
and to identify potential clinical factors
that may predict a patient’s response to
monotherapy. The large placebo re-
sponse observed in this study for all ef-
ficacy end points also deserves men-
tion. The placebo group cannot be
viewed as a nontreatment group in this
study, principally, because patients were
required to complete bladder diaries.
Bladder diaries provide insights into be-
havioral modifications that may im-
prove symptoms by enhancing pa-
tients’ awareness of their bladder habits.37

Men are generally not required to com-
plete bladder diaries in BPH trials; thus,
the patients enrolled in the current study
were susceptible to the training effect of
the bladder diary. Finally, the short du-
ration of this trial necessitates the inves-
tigation of tolterodine ER plus tamsu-
losin therapy for a longer period.

Urinary function is affected by detru-
sor contractility and urethral resistance,
includingthatimpartedbysmoothmuscle
oftheprostateandbladderneck.Improved
urinaryfunctioninmenwhometthestan-
dardresearchcriteria forbothoveractive
bladderandBPHrequirednormalization
ofdetrusorcontractility inadditiontore-
duction inthesmoothmuscle toneof the
prostateandbladderneck.Neithertoltero-
dine ER nor tamsulosin alone was suffi-

cienttoachievesignificanttreatmentben-
efit, suggesting that attenuationof lower
urinarytractsymptomsinthispopulation
requires a treatment strategy that targets
both the bladder and the prostate.

Closerexaminationof thisstudypopu-
lation’s characteristics may offer insight
into which men will respond to mono-
therapyandwhichmenmayrequireanti-
muscarinic plus �-receptor therapy. For
example, the mean IPSS total and QOL
item for men enrolled in this study were
19.9and4.6, respectively,comparedwith
16.913 and 3.0 according to C.G.R. (Sep-
tember 1, 2006) in the Medical Therapy
of Prostatic Symptoms study.13 The
higher baseline IPSS scores appear to be
largely driven by the storage subscale
(baselineIPSSstoragesubscale,10.1com-
pared with the Medical Therapy of Pro-
static Symptoms study, 7.6, according to
C.G.R. (September 1, 2006), which
reflects the entry requirement for sig-
nificant urgency and frequency.

Retrospective evaluation of the base-
line characteristics (IPSS and diary vari-
ables) of men who have failed treatment
with �-receptorantagonists7,10,13 or anti-
muscarinic agents8,9 in previous clinical
trials and open-label studies may be in-
formative.For instance,patientswhodid
notrespondto�-receptorantagonistsmay
havehadmoresevere symptomsatbase-
line, including the symptoms that char-
acterizeoveractivebladder.Thesepatients
mayrepresent thebestcandidates foran-
timuscarinic plus �-receptor antagonist
treatment.Carefullydesignedepidemio-
logicalstudiesmayhelpdeterminethesize
of this subgroup in the general popula-
tionandthebestmethodstoidentifythem.

CONCLUSIONS
The results of this study demonstrate that
some men bothered by lower urinary
tract symptoms, including bladder
diary−documented overactive bladder
symptoms, might not respond to mono-
therapy with either �-receptor antago-
nists or antimuscarinic agents. Treat-
ment with tolterodine ER plus
tamsulosin resulted in statistically and
clinically significant treatment benefit.
Similarly low incidences of acute uri-
nary retention were observed in all treat-
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ment groups, and there were no signifi-
cant differences in maximum urinary
flow rate or postvoid residual volume be-
tween any 2 groups.
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dence base for treatment approach and goals of therapy is
limited.2 We also concur with the point of Mr Cormican and
Dr Seidman about the potential value of referring older adults
with functional limitations to an occupational therapist for
evaluation and treatment.
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CORRECTION

Omission of Text in Financial Disclosures: In the Original Contribution entitled
“Tolterodine and Tamsulosin for Treatment of Men With Lower Urinary Tract Symp-
toms and Overactive Bladder: A Randomized Controlled Trial” published in the
November 15, 2006, issue of JAMA (2006;295:2319-2328), text in 2 sentences
of the financial disclosure was inadvertently omitted. The sentence that read “Dr
Roehrborn is also a consultant for GlaxoSmithKline, Sanofi Aventis, and Lilly ICOS,
a consultant for Allergan and Esprit, a speaker for Astellas and Esprit, and a study
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Without books, history is silent, literature dumb, sci-
ence crippled, thought and speculation at a stand-
still. They are engines of change, windows on the
world, lighthouses erected in the sea of time.

—Barbara Tuchman (1912-1989)
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blood pressure regulation and provides the basis for tar-
geting research to the stimulation of endogenous nitric
oxide synthesis as a novel blood pressure–lowering prin-
ciple.
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CORRECTIONS

Incorrect Data: In the Original Contribution entitled “Tolterodine and Tamsulosin
for Treatment of Men With Lower Urinary Tract Symptoms and Overactive Blad-
der: A Randomized Controlled Trial” published in the November 15, 2006, issue
of JAMA (2006;296[19]:2319-2328), a P value was incorrectly reported. On page
2323 in the “Efficacy End Points” subsection, the section of the first sentence that
read “or 146 (71%) of 207 receiving tamsulosin (P=.03 vs placebo)” should have
read “(P=.064 vs placebo).”

Incorrect Title: In the Perspectives on Care at the Close of Life: Coda entitled “Lat-
eral Sclerosis: ‘Prepare for the Worst and Hope for the Best’ ” published in the Sep-
tember 12, 2007, issue of JAMA (2007;298[10]:1208-1208), the title should have
read “Amyotrophic Lateral Sclerosis: ‘Prepare for the Worst and Hope for the Best.’”

Incorrect Data: In the Original Contribution entitled “Neurologic Adverse Events
Associated With Smallpox Vaccination in the United States, 2002-2004” pub-
lished in the December 7, 2005, issue of JAMA (2005;294[21]:2744-2750) the
abstract misstated the subgroups of civilian and military vaccinees. The 665 000
persons vaccinated against smallpox were compiled from the experience of the
Departments of Defense (n=625 400) and Health and Human Services (n=39 400).
The erroneously reported subtotal values (Department of Defense n=590 400 and
Department of Health and Human Services n=64 600) appeared only in the ab-
stract, were not used in the analyses, and did not influence the information re-
ported in the body of the article. On page 2748, at the top of the second column,
the reporting rate of Bell palsy among primary vaccinees was also misstated. The
correct rate is 1.4/100 000, not 0.9/100 000. The overall rate described was cor-
rectly stated (1.7/100 000 vaccinations). The number of seizures reported in Table
3 was also misstated, although they are correctly stated elsewhere in the article.
Overall 8 seizures were reported, of which 7 (85%) were among primary vaccin-
ees. Five of these occurred in the interval of 2-30 days, and thus 29 adverse events
occurred in that interval in Table 3. The error in reported seizure cases was carried
over to the total number of serious neurologic events reported elsewhere in the
article. The correct value is 38 (not 39), with 26 (not 27) among primary vaccin-
ees, and a proportion among primary vaccinees of 68% (not 69%). On page 2748,
in the first sentence of the first paragraph in column 2, the word “median” is miss-
ing. That sentence should read, “Eight patients had reported seizures a median of
9 days after vaccination.” We consider none of these errors to affect the discus-
sion points or the conclusions of this article, nor to affect the validity of the con-
clusions reached in our study.
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