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Abstract

Objective:

A 12-week clinical trial (TIMES) demonstrated that therapy with tolterodine extended release

(TOL)þ tamsulosin (TAM) provides clinical benefits vs TOL or TAM monotherapy or placebo (PBO) in

men with lower urinary tract symptoms (LUTS) including overactive bladder (OAB). The present analysis

estimated the costs and quality-adjusted life-years (QALYs) associated with these therapies from the

perspective of the UK healthcare system.

Methods:

TIMES cohorts receiving TOL, TAM, TOLþ TAM, or PBO were followed from therapy initiation to 12 weeks.

A decision-tree model was used to extrapolate the 12-week results to 1 year (including need for surgery

owing to treatment failure at 12 weeks) and to track patients’ outcomes (symptoms, utility, and costs).

Because TIMES did not include costs and QALYs, data from the EpiLUTS epidemiologic survey (12,796

males) were used to model a mathematical relationship between LUTS (daytime and nocturnal frequency,

urgency episodes, urgency urinary incontinence episodes, and International Prostate Symptom Score

[IPSS]), quality-of-life, and utility. This was used to convert improvements in TIMES patients’ LUTS into

utility scores and QALYs. The model included drug and surgery procedure costs and hospital length of stay.

Results:

Incremental QALYs of TOLþ TAM vs PBO, TAM, and TOL were 0.042, 0.021, and 0.013, and

corresponding incremental costs were £189, £223, and �£70, respectively, resulting in cost-utility

ratios for TOLþ TAM of £4508/QALY gained compared with PBO and £10,381/QALY gained compared

with TAM. TOLþ TAM combination therapy was both more effective and cost-saving compared with TOL.

Univariate sensitivity analyses showed that patient utility was most responsive to changes in drug efficacy on

IPSS and urgency episodes. Changing the percentage of patients undergoing surgery did not substantially

affect model outcomes. The main limitation of the study was that the relation between LUTS and patient

utility was based on an indirect association.

Conclusions:

TOLþ TAM combination therapy appears to be cost-effective compared with TOL or TAM monotherapy or

PBO in male patients with LUTS.
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Introduction

Lower urinary tract symptoms (LUTS) related to benign
prostatic hyperplasia (BPH) are the most common condi-
tion associated with aging in men1. LUTS often co-exist
with symptoms of overactive bladder (OAB)2. This
co-existence results from benign growth of the prostate,
which can cause bladder outlet obstruction, resulting in
LUTS (e.g., urinary hesitancy, intermittency, and weak
urinary stream). Bladder outlet obstruction in men can
also lead to detrusor overactivity, causing OAB symptoms.
The increased pressure that is required to void may lead to
structural changes in the bladder. This, in turn, increases
the excitability of detrusor smooth muscle cells, which
may cause overactivity of the bladder. LUTS caused
by bladder muscle overactivity include urinary urgency,
with or without urgency urinary incontinence, and
increased micturition frequency during the day and at
night3.

The prevalence of LUTS suggestive of BPH increases
from 3% among men aged 45–49 years to 24% at age 80
years4. In a population-based study, the overall prevalence
of OAB in men over age 40 years was estimated at 16%,
ranging from 3% at ages 40–44 years to 42% in men over
75 years old5.

In a study published in 2009, the estimated annual eco-
nomic impact of OAB in six Western countries ranged
from E262 per patient in Spain to E619 in Sweden,
with a total annual direct cost burden due to OAB pre-
dicted at E3.9 billion in these six countries6. Besides direct
costs, OAB can lead to considerable indirect costs because
of lost productivity at work. The latter were estimated at
E1.1 billion per year for these countries6. Because of the
aging of the population and increased life expectancy, the
burden of disease in patients with LUTS and OAB can be
expected to increase substantially. For instance, in 2003,
the mean annual treatment costs per patient with LUTS
suggestive of BPH were estimated at E858 in the
Netherlands. Seventy-five per cent of these costs were
drug costs. Predictions for the year 2035 indicate that
these costs are expected to more than double7,8. Cost-
effective management of these conditions is therefore of
great interest to payers.

The frequent co-existence of bladder and prostate
symptoms adds to the complexity of optimal therapeutic
management of male LUTS. Drug therapies that target the
prostate only (alpha1-receptor antagonists [alpha-block-
ers] and 5-alpha-reductase inhibitors) may not alleviate
symptoms in patients with predominantly storage symp-
toms (i.e., daytime urinary frequency, nocturia, urgency,
urgency urinary incontinence). Hence, there is increased
interest in better defining and diagnosing this specific male
patient group with symptoms related to both prostate and
bladder problems and treating these patients with drugs
that focus on both3. The addition of an anti-muscarinic

agent to alpha-blocker therapy has proven to reduce LUTS
more effectively than monotherapy with either agent9–12.
The treatment effect of tolterodine extended release (ER),
tamsulosin, or both, on individual LUTS in men who met
research criteria for both OAB and BPH has been exten-
sively investigated and reported in a randomized, double-
blind, placebo-controlled study design: the Tolterodine in
Men Efficacy and Safety (TIMES) study9.

Assessments of symptoms, such as daytime and night-
time urinary frequency, urgency, and urgency urinary
incontinence, as well as the International Prostate
Symptom Score (IPSS) were included in the TIMES
study. The results of this study suggested that treatment
with tolterodine ER plus tamsulosin for 12 weeks provides
more benefit for individual LUTS in male patients com-
pared with monotherapy with either drug or placebo.
However, the TIMES study did not report the impact of
these therapies on medical resource use and patient utility.

To determine the added value of tolterodine ER plus
tamsulosin combination therapy in the optimization of
treatment of men with LUTS, physicians and decision-
makers must critically appraise the clinical benefits in
terms of efficacy, safety, and associated quality-of-life
implications. Subsequently, these benefits must be bal-
anced against the corresponding economic consequences,
such that costs and effects can be compared with other
competing therapeutic strategies included in the TIMES
study. Typically, these are assessed by means of a decision
analytic model. Accordingly, the research objective of the
present analysis was to use a decision analysis to estimate
the costs and quality-of-life impact in terms of quality-
adjusted life-years (QALYs) associated with these thera-
pies from the perspective of the UK healthcare system.

Patients and methods

Health economic model structure

A decision tree was constructed using Microsoft Excel� to
evaluate the short-term costs and quality-of-life implica-
tions of tolterodine ER plus tamsulosin combination ther-
apy (Figure 1). The time horizon of the model was 52
weeks. At the beginning of the analysis, male patients
were assumed to suffer from moderate-to-severe LUTS,
including OAB. They initiated therapy with tolterodine
ER plus tamsulosin combination therapy vs a competing
treatment strategy to treat their symptoms. After a treat-
ment period of 12 weeks, treatment benefit was evaluated
as beneficial or non-beneficial. Patients who benefited
from treatment continued therapy throughout the 1-year
time horizon. A decision to conduct a surgical procedure to
alleviate symptoms was made for a proportion of patients
who do not report treatment benefit at week 12.
Those who underwent a surgical procedure discontinued
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medical treatment. The remaining patients stayed on
treatment, even though they considered their treatment
non-beneficial.

Model input

Patient characteristics, treatment comparisons, treat-
ment effect over time, and transition probabilities
The baseline characteristics of the average patient for indi-
vidual LUTS and outcomes at week 12 were consis-
tent with those from the TIMES study9 (Table 1).
Specifically, the analysis assumed that patients were men
aged 40 years or older (mean, 62.8 years) who had a total
IPSS of 12 or higher and an IPSS quality-of-life item score
of 3 or higher, a self-rated bladder condition of at least
moderate bother, and a bladder diary documenting mictu-
rition frequency (�8 micturitions per 24 h) and urgency
(�3 episodes per 24 h), with or without urgency urinary
incontinence9.

At model entry, patients received placebo, tolterodine
ER 4 mg, tamsulosin 0.4 mg, or tolterodine ER 4 mg plus
tamsulosin 0.4 mg for 12 weeks. Surgical treatment was an
option in patients who did not respond to medical therapy

and continued to have bothersome LUTS13,14. To accom-
modate the possibility of surgical treatment in the model,
it was assumed that 50% of the patients who did not report
treatment benefit, despite 12 weeks of therapy, would be
eligible for a surgical procedure and, consequently, would
discontinue drug treatment. The effects of surgery on
symptom improvement were modeled consistent with
the results after transurethral resection of the prostate
(TURP) from a study by Tkocz and Prajsner15; TURP
was chosen as the surgical procedure because it is one of
the most conventional surgical interventions to alleviate
LUTS13.

The relative reduction in IPSS, daytime voids, and
nighttime voids after surgery has been reported as 70%,
28%, and 63%, respectively, at 24 months. However,
more recent insights into the specific improvement in
LUTS after surgery has indicated that symptom improve-
ment is apparent within the first 3 months after surgery and
remains constant thereafter until at least 5 years16.
Therefore, in the current model, LUTS were assumed to
improve within the first 3 months after surgery and remain
constant thereafter. For all patients in the treatment arms
who did not receive surgery, it was assumed that

TOLT + TAMS*

Treatment benefit continue treatment

No Treatment benefit

surgery/discontinue treatment

No surgery/continue treatment

patient with LUTS and OAB

52 weeks

* Model structure equal for all TIMES treatment options

Figure 1. Decision tree model structure for the TIMES study treatment options. LUTS, lower urinary tract symptoms; OAB, overactive bladder; TAMS,
tamsulosin; TOLT, tolterodine. *Model structure equal for all TIMES treatment options.

Table 1. Lower urinary tract symptoms at baseline and treatment effects after 12 weeks of drug treatment in the TIMES study used as model inputs.

Parameter, Mean (SE*) Baseline Placebo Tolterodine Tamsulosin Combination

Micturitions per 24 h 11.86 10.45 (1.57) 10.19 (1.53) 10.11 (1.52) 9.32 (1.40)
Micturitions per night 2.02 1.63 (0.24) 1.67 (0.25) 1.49 (0.22) 1.43 (0.21)
Urgency episodes per 24 h 7.33 4.79 (0.72) 4.59 (0.69) 4.99 (0.75) 4.00 (0.60)
Urgency urinary incontinence episodes per 24 h 0.98 0.67 (0.10) 0.15 (0.02) 0.28 (0.04) 0.10 (0.02)
IPSS total 20.00 13.81 (2.07) 13.15 (1.97) 12.11 (1.82) 11.98 (1.80)
Self-reported treatment benefit NA 61.7% (0.03) 65.1% (0.03) 70.5% (0.03) 80.0% (0.03)

IPSS, International Prostate Symptom Score; NA, not applicable.
*Standard errors that were not reported in the trial were assumed to be 15% of the reported means.
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observations from the TIMES study at week 12 (Table 1)
could be extrapolated to 52 weeks. This assumption was
based on the observation from the TIMES study9 that the
relative difference in symptoms already remained rela-
tively constant between week 6 and 12.

Quality-of-life and utilities
To calculate utility values over time and determine
QALYs, the composite of patients’ individual LUTS
had to be translated into a single generic quality-of-
life measure. For this purpose, a statistical model was
developed to establish a relationship between individual
LUTS (i.e., IPSS, urinary frequency, urgency, and
urgency urinary incontinence), quality-of-life, and utility.
This mathematical relationship, therefore, focuses
not only on one specific symptom or disease parame-
ter but on a composite of both bladder and prostate
symptoms.

The basis for the statistical model was the male sub-set
(n¼ 12,796) of data from a cross-sectional, population-
based study in the US, Sweden, and the UK (EpiLUTS)
in which 30,000 men and women reported on the occur-
rence of individual LUTS during the previous 4 weeks17.
Survey respondents were asked to report on their daytime
and nighttime urinary frequency, urgency episodes, and
occurrence of urgency urinary incontinence episodes and
to complete the IPSS questionnaire. Respondents were
also requested to complete the SF-12, a generic instru-
ment used to measure health-related quality-of-life18.
Based on these patient-level data, multinomial logistic
regression was applied, by means of R software for statisti-
cal computing version 2.13.1 (available at: http://www.
R-project.org/), to establish the relationship between indi-
vidual LUTS and SF-12 scores. Subsequently, the time-
varying observations on LUTS, reported in the TIMES
study, were imputed in these regressions to obtain corre-
sponding SF-12 score estimates. Finally, estimation of a
single generic quality-of-life measure was accomplished
by mapping of SF-12 profiles to EQ-5D health states and
converting the latter into utility scores. Published algo-
rithms by Dolan19 and Gray et al.20 were used to predict
these utility values.

Please see the supplementary statistical appendix
for a more detailed description of the statistical model
for mapping of individual LUTS to a patient utility
value.

Resource use and costs

The model included drug costs and costs for surgery. The
daily drug costs for tolterodine ER 4 mg and tamsulosin
0.4 mg (in 2010) were £0.92 and £0.15, respectively21.
The average cost of TURP (in 2010) was estimated at

£1889 using published National Health Service estimates
and consumer price index figures22,23.

Model outcomes

Model outcomes were expressed as incremental costs per
QALY gained (primary outcome) and the number of sur-
gical procedures avoided (secondary outcome).

Sensitivity analyses

Deterministic and probabilistic sensitivity analyses were
performed to determine the influence of uncertainty on
the final results. Parameter estimates were varied within
their uncertainty distributions that best reflect the
nature of each specific parameter. Normal distributions
were used for the regression coefficients of the 12 mul-
tinomial model, gamma distributions for cost estimates
and LUTS symptoms to avoid values below zero, and
beta distributions were applied to probability estimates
in the model.

Within the deterministic univariate sensitivity analy-
ses, the impact on incremental QALYs and costs was
determined when each model parameter was varied sepa-
rately within the limits of its 95% confidence intervals.
Input parameters for treatment effect, the transition prob-
ability to undergo a surgical procedure, surgery costs, and
effect of surgery on LUTS were included in the univariate
sensitivity analyses. Results of these analyses are presented
using tornado graphs. A tornado graph visualizes and
orders the model parameters from parameters that have
the highest impact on incremental model results to
parameters that have the lowest impact on incremental
outcomes.

In the probabilistic sensitivity analysis, Monte Carlo
simulation was used to represent the scatter in model
results when the parameters were varied according to
their assumed distributions. Uncertainty surrounding the
regression parameters of the series of 12 multinomial
models was included in the probabilistic sensitivity
analysis. Correlation between different parameters was
negligible and therefore ignored (data not shown). The
uncertainty surrounding the regression parameters of pub-
lished algorithms by Dolan19 and Gray et al.20 that were
also part of the statistical model to estimate quality-of-life
and utility were not included in the probabilistic sensitiv-
ity analysis because of computer-processing time restric-
tions. Within the probabilistic sensitivity analysis, 1000
simulations were processed. Based on these simulations,
a scatterplot and an acceptability curve were drawn to
estimate the probability of tolterodine plus tamsulosin
combination therapy being considered cost-effective
compared with its comparator treatments at a given
willingness-to-pay (WTP) threshold per QALY gained.
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Scenario analysis

Several key assumptions were made given a lack of pub-
lished data. One of the main assumptions in the model was
that half of the male patients who did not report treatment
benefit at week 12 would be eligible for a surgical proce-
dure. In a scenario analysis, the impact on the incremental
model results was determined when this percentage was
varied within an extreme range of 0–100%. A second sce-
nario analysis was conducted in which the short-term
(1 year) economic impact of an immediate surgical proce-
dure was assessed compared with tolterodine plus tamsu-
losin combination therapy.

Results

Predicted EQ-5D utility scores, QALYs, and costs

When individual LUTS for the four treatment arms over
time are imputed in the statistical model, the association
between LUTS and patients’ quality-of-life, expressed as
an EQ-5D utility value, can be predicted. Based on their
baseline symptom profile, all patients have a predicted
utility of 0.578 at model entry (Table 2). The improve-
ment in LUTS for combination therapy after 12 weeks of
drug treatment resulted in an increase in utility from 0.578
to 0.710, compared with an increase from 0.578 to 0.691
for tolterodine monotherapy and 0.578 to 0.683 for tam-
sulosin monotherapy. Patient utility improves from week
12 to week 52 for 50% of the non-responders who under-
went surgery to further alleviate their LUTS, leading to a
total QALY estimate after 1 year of follow-up ranging from
0.716 for combination therapy to 0.671 in the placebo arm.

Incremental QALYs during a 1-year period are esti-
mated at 0.042 and 0.013 when combination therapy is
compared with placebo and tolterodine monotherapy,
respectively. These QALY differences are mainly
explained by the higher efficacy of combination therapy
in terms of improvements in the IPSS and urinary urgency
episodes compared with the other treatment options.

The estimated total 1-year costs consisted of drug and
surgery costs. The latter ranged from £198 for combination

treatment to £362 in the placebo arm. In the placebo arm,
the largest share of patients was assumed to require surgery
to alleviate their symptoms. Estimates for surgery costs for
tamsulosin and tolterodine monotherapy were £280 and
£343, respectively. One-year drug costs ranged from £0
for placebo to £352 for tamsulosin plus tolterodine combi-
nation therapy. This led to total incremental costs over a
1-year period ranging from £189 vs placebo to cost savings
of �£70 when combination therapy is compared with tol-
terodine monotherapy. In the latter treatment compari-
son, incremental drug costs of combination treatment
(£352–£277¼ £75) are compensated by cost savings
(£198–£343¼ £145) due to a higher number of patients
eligible for surgery when treated with tolterodine mono-
therapy. As a consequence of positive incremental effects
combined with cost savings, combination therapy with
tamsulosin plus tolterodine was the dominant treatment
strategy compared with tolterodine monotherapy. When
the incremental costs of combination therapy compared
with tamsulosin monotherapy are divided by the corre-
sponding value for incremental QALYs, the cost-utility
ratio for this treatment comparison was estimated at
£10,381 per QALY gained.

The predicted number of surgical procedures avoided
over a short-term period of 1 year was five per 100 men in
this treatment comparison, due to the observation that
fewer patients reported treatment benefit on tamsulosin
monotherapy compared with combination therapy.
However, this statement must be interpreted cautiously.
It reflects a 1-year period and was based on the observed
number of patients who reported treatment benefit after a
12-week treatment period. It is acknowledged that this
effect might erode when long-term data are available
that allow economic modeling of LUTS over a longer
timeframe than 1 year.

Sensitivity analyses

Figure 2 presents the results of the deterministic univariate
sensitivity analyses of tamsulosin plus tolterodine combi-
nation treatment vs monotherapy with tamsulosin. The
tornado graph for incremental effects shows that the

Table 2. Estimated mean EQ-5D utility values over time, QALYs, and costs for alpha-blocker plus anti-muscarinic combination therapy compared with other
TIMES study therapies.

Drug Utility wk 0 Utility wk 12 Utility wk 52 QALYs Costs Inc. QALYs Inc. Costs CU Ratio

Combination (1) 0.578 0.710 0.716 0.699 £550 – – –
Tamsulosin (2) 0.578 0.683 0.693 0.677 £328
Tolterodine (3) 0.578 0.691 0.703 0.686 £620
Placebo (4) 0.578 0.657 0.671 0.657 £362
1 vs 2 0.021 £223 £10,381
1 vs 3 0.013 –£70 dominant
1 vs 4 0.042 £189 £4,508

CU, cost utility; QALY, quality-adjusted life-year.
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incremental QALYs are most sensitive to variations in the
treatment effect of both treatment alternatives on the
IPSS and urinary urgency episodes. Incremental costs
over a 1-year period change from £164 to £278 when the
percentage of patients treated with tamsulosin who
reported benefit of their drug treatment is varied within
the limits of its 95% confidence interval (i.e., 64–76%).
Results of the univariate sensitivity analyses were very sim-
ilar for the other two comparisons. Therefore, the tor-
nado graphs for incremental QALYs and costs for
combination treatment vs tolterodine monotherapy and
placebo are presented in the supplementary appendix on
model results.

The results of the probabilistic sensitivity analysis of
the three comparisons are presented as a scatterplot and
an acceptability curve (Figure 3). The top graph repre-
sents the scatter in estimates for incremental costs and
effects as a result of 1000 simulations of the probabilistic
sensitivity analysis. Based on these simulations, 95%
confidence intervals for incremental effects (–0.015–
0.069) and costs (£126–£302) are estimated for the com-
parison of tamsulosin plus tolterodine combination ther-
apy vs tamsulosin monotherapy. The prediction that

combination therapy resulted in positive effects com-
pared with tamsulosin was 86%. Furthermore, tamsulosin
plus tolterodine combination therapy had a 14% proba-
bility of being less effective and more expensive and a
86% probability of being more effective and more expen-
sive. For the comparison of tamsulosin plus tolterodine
combination therapy vs tolterodine, 95% confidence
intervals for incremental effects and costs were esti-
mated at �0.024–0.059 and �£168–£12, respectively.
Corresponding estimates when tamsulosin plus toltero-
dine is compared with placebo were �0.003–
0.096 for incremental effects and £64–£290 for incre-
mental costs.

The acceptability curve demonstrates that when soci-
ety’s WTP for drug treatment is low, tamsulosin monother-
apy is estimated to be the most cost-effective treatment
option. Tamsulosin plus tolterodine combination therapy
becomes the most cost-effective treatment option at a
WTP level above £10,000. As the generally accepted
WTP threshold in the UK is £30,000 per QALY, tamsu-
losin plus tolterodine combination therapy is suggested to
be an attractive treatment strategy from both a clinical and
economic perspective.
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Figure 2. Overview of the results of the univariate sensitivity analyses for tamsulosin plus tolterodine combination therapy vs tamsulosin monotherapy:
Tornado graphs that present the impact on incremental effects (top) and incremental costs (bottom) when changing parameters within their outer limits of
their 95% confidence intervals according to their uncertainty distributions (not all parameters are shown in these graphs). IPSS, International Prostate
Symptom Score; NF, nighttime urinary frequency; TF, total 24-h urinary frequency; QALY, quality-adjusted life-year; UU, urinary urgency; UUI, urgency urinary
incontinence.
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In an additional scenario analysis, the cost-utility ratio
of tamsulosin plus tolterodine combination treatment vs
tamsulosin monotherapy ranged from £5,616–£14,324
when the percentage of patients eligible for a surgical

procedure was varied between 0–100%. Combination
therapy resulted in short-term total QALY gains of 0.020
and cost savings of £1496 compared with a scenario where
all patients would undergo a surgical procedure upfront.
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Figure 3. Results of the probabilistic sensitivity analysis of the three model comparisons. Top: Scatterplot representing uncertainty surrounding the central
estimate of incremental costs and effects of tamsulosin plus tolterodine combination therapy vs its comparators. Bottom: Acceptability curves: estimated
probability that a specific treatment strategy is cost-effective given different values of the willingness-to-pay (WTP) threshold. QALY, quality-adjusted
life-year.
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Naturally, these cost savings will probably decrease when
long-term clinical data allow economic modeling beyond a
1-year period.

Discussion

The current analysis was designed to assess the quality-of-
life impact and cost-effectiveness of alpha-blocker plus
anti-muscarinic combination therapy in men with LUTS
related to concomitant BPH and OAB. The analysis was
conducted from a payer’s perspective in accordance with
the NICE guidelines for technology appraisals. In the base
case analysis, tolterodine plus tamsulosin combination
therapy was estimated to result in 0.021 incremental
QALYs combined with incremental costs of £223 com-
pared with tamsulosin monotherapy. Compared with tol-
terodine monotherapy, incremental QALYs were
predicted at 0.013. Additionally, combination treatment
results in estimated cost savings of �£70 over a 1-year
period and was therefore labeled as the dominant therapy
over tolterodine monotherapy. The sensitivity analyses
revealed that the estimated QALYs were most sensitive
to changes in the effect of the drug on the IPSS and the
number of urinary urgency episodes. The probability that
tolterodine plus tamsulosin combined additional effective-
ness with higher costs was estimated at 86%, with a 14%
probability that the drug was less effective and more costly.

The results of this analysis could be explained by a
straightforward mechanism. Patients with bothersome
LUTS at baseline may receive drug treatment with or
without surgery over time to alleviate their symptoms.
Drug treatment costs are highest for patients receiving
combination therapy with tolterodine plus tamsulosin.
However, this is also the most effective drug treatment
option9. This leads to increased benefits in patient’s indi-
vidual LUTS and consequently may result in quality-of-
life benefits and in postponement of a costly surgical
procedure.

The utilities for patients with LUTS related to concom-
itant BPH and OAB, that were estimated by means of a
statistical model based on a series of 12 multinomial regres-
sions, were incorporated in a health economic framework
using a decision-tree structure. To our knowledge, this is
the first effort that has been made to estimate cost-effec-
tiveness in patients with both bladder- and prostate-
related symptoms. Other studies that determined the
cost-effectiveness of treatments have focused on allevia-
tion of predominantly bladder symptoms24,25 or prostate
symptoms26–28. As symptoms related to BPH and OAB
often co-exist in male patients2, the current cost-effective-
ness study may serve as a useful addition for this specific
patient population.

When combination therapy does not provide benefit
and symptoms remain bothersome, a choice must be

made by the treating physician on the optimal follow-up
treatment. Current options to improve symptoms include
watchful waiting, continuation of drug therapy, or a surgi-
cal procedure. In this health economic model, based on the
average patient in the TIMES study9, the costs and effects
of TURP were incorporated as a proxy for the surgical
procedure in the model, and applied to half of the patient
cohort not responding to therapy. However, it is acknowl-
edged that in clinical practice the decision to undergo
surgery and the type and effect of surgery may vary by
patient depending on symptom profile.

Another assumption of the current modeling approach
is that patient utility values could be estimated indirectly
through a number of associations. An indirect association
may introduce considerable uncertainty surrounding the
point estimates of patient utility and, accordingly, the pre-
dicted cost-utility ratios. The combined uncertainty sur-
rounding patient utility estimates is built up from a number
of parameters. First, there is uncertainty surrounding the
regression parameters of the set of 12 multinomial models
that predict answers to each of the SF-12 questions based
on patients’ individual LUTS. Second, the uncertainty
needs to be included in the parameters of the multinomial
model that predict answers to the EQ-5D descriptive
system from the SF-1220. Lastly, uncertainty is incorpo-
rated surrounding the regression equation that estimates
utility values from the EQ-5D descriptive system using the
time trade-off method19. The total uncertainty is captured
in a probabilistic sensitivity analysis, where all variables
that are uncertain are incorporated. Although the prob-
abilistic sensitivity analysis included uncertainty surround-
ing point estimates of efficacy and costs, the uncertainty
surrounding the utility estimates was limited to the regres-
sion parameters of the set of 12 multinomial models that
predict answers to each of the SF-12 questions. It was
infeasible to include the uncertainty of the remaining
regression equations because of computational time
restrictions. Therefore, the uncertainty surrounding the
utility values may be under-estimated.

As an option for future research to optimize the estima-
tion of the cost-effectiveness of treatments in patients with
concomitant bladder and prostate symptoms, patients on a
specific treatment strategy could be directly asked to clas-
sify their quality-of-life using a generic instrument, such as
the EQ-5D. In this way, a more direct relationship between
disease status and quality-of-life could be established,
thereby limiting the uncertainty that is introduced when
using indirect associations. When these patients are fol-
lowed up for a longer period of time, they may switch or
discontinue drug treatment strategies and may undergo a
surgical procedure that is most beneficial for their specific
prostate or bladder symptoms. These different treatment
patterns could then be incorporated in the health eco-
nomic model structure, extending this structure over a
longer period of time. In this case, a more accurate
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estimate of the cost-effectiveness may be provided for
patients who start with alpha-blocker plus anti-muscarinic
combination therapy relative to patients who start with
another drug treatment or, alternatively, a costly surgical
procedure upfront to alleviate their symptoms.

In conclusion, the results of this cost-effectiveness anal-
ysis suggest that combination therapy with tolterodine plus
tamsulosin is cost-effective compared with monotherapy
with either agent or placebo in men with LUTS related to
both BPH and OAB, based on a short-term model with a 1-
year time horizon.
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Multinomial logistic regression models that map individual LUTS to SF-12 responses and
application of these regression models within a statistical framework that links LUTS to
utility estimates

Three main steps are involved to translate LUTS into single utility values required for the model.

Step 1: Multinomial model estimation that map LUTS to SF-12 responses based on EpiLUTS

Respondent-level data on urgency episodes, urgency urinary incontinence, daytime and nighttime urinary frequency, and
IPSS from the EpiLUTS survey were used to predict the probability for each answer to each of the 12 items of the SF-12.
This results in 12 multinomial logistic regression models estimating the relation between individual LUTS and the SF-12.
Figure 1 provides a graphical representation of the multinomial model for one of the 12 items of the SF-12, namely
‘‘general health.’’ Similar regression models were fitted for the other SF-12 questions.P can be considered as the dependent
variable and represents the probability of patient i of observing outcome J on a specific SF-12 question. This probability
depends on a function of the linear combination xi�

j. Exponentiation of xi�
j gives non-negative probabilities, and exp(xi�

j)
is normalized (by dividing by the sum of the exponents) to ensure that probabilities sum to 1. In each multinomial model,
one outcome of J is set as the reference case, and therefore the regression coefficients for j¼ 1 are equal to 0. The remaining
regression coefficients for other outcomes of J represent the change relative to the J¼ 1 outcome. This results in the
mathematical equations as presented below. These equations represent the multinomial logistic regression model of the
first question of the SF-12 (general health). Similar models are estimated for the other 11 items of the SF-12.

Figure 1. Graphical representation of the multinomial model. Patient symptoms profile is mapped to probabilities to give each specific answer on each
separate question of the SF-12. Example for the first SF-12 question (general health) with five answering options.
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P SFi ¼ j½ � ¼

1

1þ
P5

j¼2 expðx0i � �
jÞ

j ¼ 1

P½qDi ¼ 1� � exp x
0

i � �
j

� �
j ¼ 2, . . . , 5

8><
>:

x0i ¼ 1 ln DFi þ 1½ � ln NFi þ 1½ � URG1
i � � �URG4

i INC1
i � � � INC5

i IPSS i

� �
�j ¼ �j

0 � � ��
j
12

� �

SFi¼ SF-12 answer given by patient i
j¼ answering option
P[qDi¼ 1]¼ probability of the reference case (in this example answering option 1)
DFi¼ daytime urinary frequency of patient i
NFi¼ nighttime urinary frequency of patient i
URG1�4

i ¼ dummy variables to reflect answer given to categorical urgency question by patient i
INC1�5

i ¼ dummy variables to reflect answer given to categorical urgency urinary incontinence question by patient i
IPSSi¼ International Prostate Symptom Score of patient i
Note that DFi and NFi were log-transformed for reasons of improving normality of the variables

Table 1 presents the regression coefficients when the multinomial logistic regression models were fitted on the
EpiLUTS data. The column headers represent the LUTS covariates from EpiLUTS that were included in the multinomial
models. The row headers represent each specific answering option to each of the 12 items of the SF-12, with one answering
option per item without coefficients as it was used as the reference case. For example, rows 1 to 4 represent the answering
options for the SF-12 item on general health. The first option ‘sfstat1’ was used as the reference case.

Results indicate that, for example, individual IPSS is statistically significantly related to responses to the general health
question of the SF-12; the association is also statistically significant between daytime and nighttime urinary frequency,
urinary urgency, IPSS, and answers to the SF-12 question regarding whether someone accomplishes less because of his or
her health condition.

Step 2: Convert SF-12 responses to utility values based on published algorithms

As a second step, responses to the SF-12 questionnaire were converted into utility values. This was accomplished using
published multinomial regression algorithms that map SF-12 responses to the 243 possible combinations of the EQ-5D
descriptive system (ie, three response levels to the power of five dimensions)20. These probabilities can then in turn be
translated into a single weighted average utility value using the published regression algorithm by Dolan19.

Step 3: Impute LUTS data at baseline and follow-up of the TIMES study

Individual LUTS estimates at baseline and the development of these symptoms over time for patients treated with placebo,
tolterodine, tamsulosin, or combination therapy were imputed in the statistical model as a final step to estimate treatment-
and time-specific utility values.

Validation of the multinomial regression models for mapping individual LUTS to SF-12
responses

To test whether the estimated regression models accurately predict individual patient responses, the series of regression
models on each individual SF-12 question were validated by means of inner and outer sample prediction.

Within the inner sample prediction, multinomial regressions were estimated based on the entire dataset of 12,796 men.
For every patient, the answering option of each specific SF-12 question where the model predicts the highest probability
was compared with the true observed answer on each question (equation 1).
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Equation 1:

P fj, max
k¼1,..., j

PðSFi ¼ kÞ½ � ¼ PðSFi ¼ jÞg ¼ Ansobs, p, i

� �
,8p, i

p¼ patient p
k.j¼ answer k,j
i¼ question i

The prediction was calculated dividing the total number of predicted and observed matches by the total number of
patients who answered the specific SF-12 question.

The dataset of 12,796 men was split into half to conduct the outer sample prediction. Multinomial regression models
were estimated based on the first half of the dataset, predicting the SF-12 answers of patients in the second half of the
dataset. The same routine was used to calculate the prediction as in the inner sample prediction.

The forecasting performance of the models was expressed as the absolute and relative difference between the predic-
tions and the probabilities of an answer on each specific SF-12 question that one would obtain by chance.

Overall, the inner and outer sample prediction lies around 65% compared with an average probability by chance of
31%. The predictions of the multinomial model were highest for SF-12 questions on accomplishment as a result of
emotional problems (83%) and on doing work as carefully as usual (86%). Relative to the probability by chance, predic-
tions of the multinomial model were highest for SF-12 questions on interference with social activities due to physical and
emotional problems (68% vs 20%) and on feeling calm and peaceful (50% vs 17%). The prediction was better than chance
in all cases with relative improvements ranging from 163% to 339% better than the probability obtained by chance.

Sensitivity analysis: estimation of a regression model to predict the impact on quality of
life of each symptom

To provide insight into the specific urinary symptoms that drive patients’ quality of life, a regression model was estimated
in which utility was explained by patients’ LUTS profile, including daytime and nighttime frequency, urgency episodes,
urgency urinary incontinence, and IPSS as explanatory variables. More specifically, the impact of each separate symptom
on quality of life was estimated using ordinary least squares (OLS) regression analysis that was based on 1000 simulations of
the LUTS profiles reported in the TIMES study, with each symptom that was varied within their uncertainty distribution.
This analysis was done to determine the responsiveness of patient utility when specific symptom improvements are
expected due to initiation of drug or surgical treatment.

The OLS regression equation that was estimated is presented below:

Equation 2:

U ¼ 0:8243þ 0:0047DF� 0:0039NF� 0:0119URG� 0:0494INCO� 0:0082IPSS

R2
¼ 0.981

DF¼ number of daytime voids
NF¼ number of nighttime voids
URG¼ number of urinary urgency episodes
INCO¼ number of urgency urinary incontinence episodes
IPSS¼ IPSS

This implies for instance that a 10-point decrease in IPSS score is estimated to result in an increase in patient utility of
0.082. Imputing the LUTS of tamsulosin plus tolterodine at baseline and at week 12 (Table 1), patient utility is estimated
to increase 0.066 due to the effect of combination treatment on IPSS and 0.040 due to the effect on urinary urgency
episodes. This regression suggests that a one unit change in urinary urgency incontinence episodes has the highest impact
on the utility value.
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SUPPLEMENTARY APPENDIX ON MODEL RESULTS

Results of the univariate sensitivity analyses of combination therapy versus tolterodine
and placebo, respectively

The tornado graphs (Figure 1) for incremental effects of the comparison of combination therapy versus tolterodine and
placebo show that, similar to the analyses of the comparison with tamsulosin, incremental QALYs are most sensitive to
variations in the treatment effect on IPSS and urinary urgency episodes.

Compared with the univariate analyses versus tamsulosin, the same parameters had the highest impact on incremental
costs when tamsulosin plus tolterodine combination treatment was compared with tolterodine and placebo, respectively
(Figure 2).
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Figure 1. Overview of the results of the univariate sensitivity analyses. Tornado graphs that represent the impact on incremental effects for the comparisons
versus tolterodine (top) and placebo (bottom) when changing parameters within their outer limits of their 95% confidence intervals according to their
uncertainty distributions.
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Figure 2. Overview of the results of the univariate sensitivity analyses. Tornado graphs that represent the impact on incremental costs for the comparisons
versus tolterodine (top) and placebo (bottom) when changing parameters within their outer limits of their 95% confidence intervals according to their
uncertainty distributions.
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