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Background:Major depressive disorders (MDD) are responsible for substantial direct and indirect
health care costs. Despite the availability of numerous treatments, the need for effective
pharmacotherapy remains. Duloxetine is a relatively balanced serotonin norepinephrine reuptake
inhibitor (SNRI) with favourable clinical and tolerability profile. The cost-effectiveness of
duloxetine versus established SSRIs, venlafaxine XR and mirtazapine was estimated in the UK.
Methods: A decision analysis simulating clinical management of MDD was developed to estimate
health and economic impacts of alternative treatments over one year. Patients on treatment
experience remission, response without remission, no response, relapse or discontinue the initial
regimen. Model outcomes were total treatment costs and quality-adjusted life years. Resource
utilizationdatawerederived from literature andpractisingUKpsychiatrists andGPs. The robustness
of findings with respect to modelling assumptions was assessed in extensive sensitivity analyses.
Results: With similar efficacy to venlafaxine XR but lower drug costs, duloxetine is less costly and
marginally more effective than venlafaxine XR both in the overall MDD population and in a more
severe subgroup. Duloxetine has a low cost-effectiveness ratio in primary care against SSRIs and
mirtazapine, and was found cost-saving against mirtazapine in more severe patients.
Limitations: Cost-effectiveness results are sensitive to changes in efficacy parameters and resource
use data were collected from physician panel.
Conclusions:Duloxetine represents an important option in the treatment ofMDD in the UK that can
be recommended on economic grounds. With similar efficacy and different side-effect profile to
venlafaxine XR it represents a valuable choice to MDD patients.

© 2009 Elsevier B.V. All rights reserved.
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1. Introduction

1.1. Background

Major depression is a substantial public health problem,
ranking first among the causes of worldwide disability. Accord-
ing to a study by theWorld Health Organization, depressionwas
estimated as fourth leading cause of disability-adjusted life years
Boehringer-Ingelheim
London WC1A 2NS
0 7299 4555.
om (Á. Benedict).

All rights reserved.
.
,

(DALYs), a measure of disease burden, in all age groups and the
second leading cause inpeople aged15–44years in 2001 (World
Health Report, 2001). Lifetime incidence and prevalence
estimates are not available for the UK or Scotland (Paykel
et al., 2005). The one year prevalence for major depressive
disorder (MDD) in Europe has been estimated at 3.9%, 5.0% in
women and 2.6% inmen (ESEMeD/MHEDEA 2000 Investigators,
2004). A large proportion of these patients remain untreated
despite anumberof campaigns aimingat increasedawarenessof
depression.

Theprevalenceof treated cases of depression in Englandand
Wales in 1998 was 30.6/1000 in men and 75.5/1000 in women
(crude rates for all ages; ONS, 2000). Based on these values
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Thomas andMorris (2003) estimated about 2.6 million treated
cases in England in 2000, costing £370 million in direct treat-
ment costs and 109.7 million working days lost.

Antidepressants have shown consistently greater improve-
ment in the treatment of depression than placebo and a large
number of treatment options are available to doctors. There are
several different classes of pharmacological treatment licensed
in the UK for the treatment of MDD: tricyclics (TCAs); Selective
Serotonin Reuptake Inhibitors (SSRIs); Serotonin Noradrena-
line Reuptake Inhibitors (SNRIs); and Noradrenergic and
Specific Serotonergic Antidepressants (NaSSA). Most recent
guidelines in England recommend the use of generic SSRIs as
first line treatment due to their low acquisition cost, compar-
able efficacy to TCAs and lower likelihood of discontinuations
(NICE, 2004), with revised guidelines being expected by end
2009. However, high rates of relapse and discontinuation
remain in depression (Kennedy et al., 2003), making additional
treatments necessary for many patients. It has recently been
recommended that venlafaxine XR could be used as a second
line choice especially for more severe cases of depression in
case of limited response to initial therapy and that it may be
prescribed in primary care (NICE, 2007).

Duloxetine is a dual serotonin and norepinephrine reuptake
inhibitor (SNRI) has been shown to be a safe and efficacious
treatment for patients with MDD. Seven double-blind con-
trolled clinical trials, six for acute efficacy and one long term
safety study demonstrated its tolerability and efficacy in the
treatment of MDD. Of the six efficacy studies, two were versus
placebo (Detke et al., 2002a,b) and four versus placebo and
active comparator (Nemeroff andOwens, 2004; Goldstein et al.,
2004;Detke et al. 2004; Perhaia et al., 2006). Detke et al. (2004)
and Perahia et al. (2006) also demonstrated the efficacy of
duloxetine over a 6-month continuation phase, beyond the
usual 8–12weeks of acute efficacy trials. Pooled data fromeight
double-blind, randomized, placebo-controlled trials have been
used to evaluate the effects of duloxetine on cardiovascular
safety including blood pressure, heart rate, and ECGs inpatients
withMDD (Thase et al, 2005; Hudson et al, 2007), demonstrat-
ing that duloxetine is a safe and well tolerated treatment for
patients with MDD. Compared to venlafaxine XR, duloxetine
has shown similar levels of efficacy to venlafaxine XR in two
head-to-head trials (Perahia et al., 2008). It may be better
tolerated during the taper period (Perahia et al., 2008) andmay
be more suitable for patients with hypertension (Thase, 2005).

Due to scarce resources in health care in general, and for
mental health in particular, the choice of antidepressants are
not based solely on clinical efficacy anymore. As a result of the
work of the NICE in England and Wales, and the Scottish
Medicines Consortium (SMC) in Scotland, the cost-effective-
ness of treatments — i.e., if incremental clinical benefit for one
treatment in comparison with relevant alternative treatments
justifies the incremental cost, in a real life setting— has become
an important input into the decisions of medical doctors.

Clinical trials rarely provide all the data necessary for a
study to establish the cost-effectiveness of a therapeutic
intervention. Fortunately, many clinical trials now include
measures of quality of life which allow the calculation of
quality adjusted life-years (QALYs), a measure of benefit/
effect used in cost-effectiveness studies that allows compar-
ing results across different types of interventions within a
therapeutic area (e.g. antidepressant drugs, cognitive ther-
apy and psychotherapy, etc), and across different illnesses.
Resource use data associated with depression treatment,
even if collected in clinical trials, are generally not repre-
sentative of real life treatment because they are driven by the
trial protocol. With the help of health economic models, data
on resource use collected from usual practice can be com-
binedwith the clinical data. Furthermore, the time horizon of
depression trials is shorter than the full course of the disease
and models can help extrapolate beyond the trial time
horizon. Sometimes not all relevant treatments are com-
pared against each other. Finally, modelling can explore and
quantify the uncertainty inherent in these steps. Therefore, a
model developed following methodological guidelines can
be a useful, acceptable, and often a required tool (NICE, 2008;
Drummond and McGuire, 2001) that synthesizes data from
different sources and extrapolates beyond the short time
horizon of trials and provides an answer to the question
about the worthiness of a new health technology.

A recent review of economic evaluations of antidepressants
found that despite the increasing number of studies there are
only a few cost–utility analyses based on clinical evidence from
prospective studies (Barrett et al. 2005). The majority of
published economic evaluations focus on comparing SSRIs and
TCAs. Few economic evaluations have been published since the
reviewcomparing venlafaxineXR andmirtazapine to SSRIs (van
Baardewijk et al. 2005; Malone 2007, Sorensen et al., 2007;
Llorca and Fernandez, 2007). One Canadian and one Spanish
economic evaluation compared duloxetine to venlafaxine XR in
MDD,measuring benefits in symptom-free days over six-month
horizon (van Baardewijk et al. 2005; Baca and Rubio-Terrés,
2006). The studywas basedonefficacy data frommeta-analyses
and indirect comparison of the two treatments.

Our objective was to examine the cost–utility of duloxetine
versus commonly used SSRIs, mirtazapine and venlafaxine XR
in primary and secondary care in Scotland, using a decision-
analytic Markovmodel from the National Health Service (NHS)
perspective.

2. Methods

The treatment of patients withMDDwho failed on 1st line
SSRIs was modeled over a 48-week period in a primary and
secondary care setting, using Excel software. The original
model structure and approach had been validated by a panel
of three practicing psychiatrists and one GP in the UK. The
present study was based on the Scottish adaptation of a UK
model, prepared for the SMC. The study had a horizon of
48 weeks to capture the full recommended course of
treatment (6 months after remission, NICE, 2007) and
relapses within a year. The analysis was conducted from
the perspective of the Scottish NHS, and only direct medical
costs were included in the base case. Productivity losseswere
added in an alternative scenario. Model parameters were
based on randomized clinical trial (RCT) data, published
medical literature, and clinician interviews. The main model
outcome was quality adjusted life-years.

2.1. Patient population and comparators

Two patient groups were considered. The first included
patients with moderate to severe MDD, defined by a

http://www.nice.org.uk/aboutnice/howwework/devnicetech/technologyappraisalprocessguides/guidetothemethodsoftechnologyappraisal.jsp?domedia=1&mid=B52851A3-19B9-E0B5-D48284D172BD8459
http://www.nice.org.uk/aboutnice/howwework/devnicetech/technologyappraisalprocessguides/guidetothemethodsoftechnologyappraisal.jsp?domedia=1&mid=B52851A3-19B9-E0B5-D48284D172BD8459
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severity score of ≥19 on the Hamilton Depression Scale
(HAMD-17), likely to start a new treatment episode in
primary care. In this setting duloxetine was compared to
SSRIs — as a group —, venlafaxine XR and mirtazapine. The
second analysis considered patients with a score of ≥25
on the HAMD-17, likely to be referred to mental health
specialists in secondary care. Only venlafaxine XR and
mirtazapine were considered as comparators in this setting,
assuming that patients would have received multiple lines
of SSRIs in prior treatment.
Fig. 1. Graphical represe
2.2. Model structure

The health states in the model reflect the combinations of
health status of the patient (depressed, in response, in
remission, relapse, and recurrence) and the treatment status
(starting acute treatment, continue treatment, switch to
another treatment, off treatment/dropped out). The transi-
tions between states are shown on Fig. 1.

All patients start in the “acute treatment” health state.
Patients may discontinue due to intolerable side effects, or
ntation of model.



Table 1
Base case first cycle clinical probabilities.

Parameter SSRI
(%, N) a, b

Venlafaxine
XR (%, N) b

Duloxetine
(%, N) c

Mirtazapine
(%, N) d

Primary care
Response⁎ 51.8 (245) 61.2 (330) 59.5 (747) 49.0 (194)
Remission⁎ 28.6 (245) 39.7 (330) 40.3 (747) 31.0 (194)
Attrition 12.4 (245) 10.1 (337) 12.9 (767) 6.0 (194)
Attrition in initial cycle,
reason not known

6.0 (180) 6.0 (180) 6.0 (180) 6.0 (180)

Venlafaxine
XR (%, N) c

Duloxetine
(%, N) c

Mirtazapine
(%, N) c, d

Secondary care
Response⁎ 53.6 (97) 51.6 (95) 42.7 (194)
Remission⁎ 28.9 (97) 26.3 (95) 21.4 (194)
Discontinuation due to
AE or LOE⁎⁎

14.3 (97) 14.1 (95) 25.0 (194)

Late discontinuation 30.0 (180) 30.0 (180) 30.0 (180)

⁎Response and remission at 8 weeks.
⁎⁎Drop-out defined as discontinuing medication as a result of intolerable
adverse events or lack of efficacy.
Source:

a Thase et al. (2007); patients with HAMD-17N19 and Swindle et al. (2004).
b Eli Lilly, data on file, from the following trials: HMAQa/b, HMAYa/b,

HMATa/b.
c Eli Lilly, Data on file: HMAQa/b, HMAYa/b, HMATa/b, HMBU, HMCQ.
d Stahl et al. (1997).
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will continue on treatment and experience varying levels of
response: remission, response — but no remission (in short:
response), or no response.

Patients experiencing remission in thefirst 8weeksmove to
the “remission” health state. Following remission, patientsmay
continue on their antidepressant regimen or discontinue
treatment. In both cases, patients are subject to a relapse.
Patients who have discontinued therapy and have recurrent
symptoms will restart therapy in the “Acute switch” state.
Patients experiencing response without remission in the first
cycle move to the “Response–continue” health state and
subsequently may experience different levels of response as
before. Patients not responding in the first 8 weeksmove to the
“No Response–continue” health state. Patients with no
response after responding initially will switch treatment
starting next cycle in the “Acute switch” health state. Those
not discontinuing in the second cyclemay achieve the different
levels of response by the end of it: remission and they will start
next cycle in the “remission” health state; response and they
will start next cycle in the “response–continue” health state; or
inadequate response and theywill start next cycle on a different
treatment in the “Acute switch” health state.

The efficacy of treatments measured by remission and
response, was defined in terms of scores on the HAMD-17.
Each cycle of the model lasted 8weeks, the typical duration of
acute treatment clinical trials and the recommended interim
between physician evaluations (Munoz, 2002).

2.3. Clinical data

2.3.1. Primary care scenario
Probabilities of remission, response, and discontinuation for

duloxetine in the first eight weeks were obtained from pooled
analysis of the eight active comparator duloxetine RCTs for
patients with HAMD-17≥19 (Eli Lilly data on file). The studies
included six placebo controlled RCTs with SSRIs as active arm
comparators and two venlafaxine XR head-to-head trials
(HMBU and HMCQ). The details of the six non head-to-head
trials, their patient numbers and the methods applied for the
meta-analysis are published elsewhere (Thase et al. 2007).
Response and remission rates for duloxetine from the six SSRI
active comparator trials included data for the licensed dosages
of duloxetine (60 mg–120 mg), excluding 40 mg dosages as
reported in another meta-analysis (Thase et al., 2003). Given
that the venlafaxineXR comparator trialswere run for 12weeks
and the SSRI comparator trials were run for 8 weeks, an ad-hoc
8-week analysis of HMBU and HMCQ was performed (Eli
Lilly data on file). Duloxetine response and remission rates
for the model were obtained by calculating the weighted
average 8-week results according to the numbers of patients
in the Thase et al. 2007 meta-analysis and the two venla-
faxine XR-comparator trials.

Efficacy data for the SSRI arm were taken from the meta-
analysis of data of the patients in the six comparator RCTs of
duloxetine (remission rate published in Thase et al. (2008),
drop out in Swindle et al. (2004) and response rate is Eli Lilly,
data on file). Venlafaxine XR remission, response, and
discontinuation rates were taken from 337 patients in two
head-to-head trials, described in detail in Perahia et al. (2008).
For the purpose of this study, an 8-week analysis was per-
formed tomatch the 8-week cycle of the model and to be able
to compare results with SSRI (Eli Lilly data on file). All the
above analyses were performed using Last Observation
Carried Forward (LOCF) methodology.

A meta-analysis by Stahl et al., (1997) provided mirtaza-
pine response and remission rates for a patient population
with HAMD-17≥18 and baseline dose similar to the one
found in clinical practice in primary care (CSD Patient Data,
Cegedim Strategic Data UK, December 2004).

In the absence of long observational studies on patients,
transition probabilities of response, remission and relapse for
the 2nd and subsequent cycles were taken from the two
venlafaxine XR vs duloxetine trials with 12 weeks follow-up.
Probabilities of response and relapse at 12 weeks for
duloxetine and venlafaxine XR were calculated, given the
initial response at 6 weeks (Table 2). Rates for SSRIs and
mirtazapine were assumed to be the weighted average of
venlafaxine XR and duloxetine rates. The proportion of
patients resuming treatment after discontinuation during
the 1st six months after the start of treatment was estimated
by the expert panel in Scotland.

2.3.2. Secondary care scenario
Probabilities of response for duloxetine and venlafaxine

XR were obtained by combining the results at week 8 for
patientswith HAMD-17≥25 from the two head-to-head trials
(Perahia et al., 2007). Both treatments had lower remission
and response rate in this population than in the less severe
patients (Table 2). Second cycle transition probabilities for
more severely depressed patients were calculated by applying
the relative differences between the 1st cycle and 2nd cycle
probabilities in the 19bHAMD-17 population (see calculation
in Appendix A). In the absence of corresponding mirtazapine
rates, the mean difference between the less severe and the
more severe population in the trial was applied to the
mirtazapine rates reported in Table 1.
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2.4. Dropout rates

Drop-out rates observed in clinical trials are often much
lower than the rates experienced in clinical practice without
protocol-driven follow-up and regular monitoring of patients.
An additional 13% and 30% were assumed to drop-out within
the first two months for unknown reasons in addition to the
dropouts due to lack of efficacy (LoE) and AEs in both primary
and secondary care respectively, based on the opinion of the
Scottish physician panel.

2.5. Switch patterns

Switch to a different treatment was assumed in the fol-
lowing situations: patients not responding for two consecu-
tive cycles; those with an initial response without remission,
failing to maintain it for more than one cycle; and a propor-
tion of patients relapsing from remission. Switch options
included SSRIs, mirtazapine and venlafaxine XR. The propor-
tion of patients switching to each of the alternatives was
based on UK prescription records in the New and Change
Therapy Enquiry (New and Change Therapy Enquiry, Cegedim
Strategic Data UK, 2005). The switch pattern following
duloxetine and venlafaxine XR were assumed to be similar:
70% switching to SSRIs and 30% tomirtazapine. Duloxetinewas
not anoption for switching in order tomaintain the comparison
between treatment with versus treatment without duloxetine
intact.

2.6. Resource use and unit costs

Resource use was not collected in the trials and no appro-
priate observational studieswere identified.GPvisits formental
health reasons, psychiatrists' visits, hospitalisations and A&E
visits were included in the model. For primary care, resource
use was based on the answers of a Scottish panel including two
GPs and one pharmacist, and for secondary care, resource use
was based on the opinion of two Scottish psychiatrists. Non-
drug resource use depended only on the health state and the
treatment phase (Appendix A, Table A). Unit costs were taken
from published UK sources (Appendix A, Table B). In terms of
treatment practices and drug prices, Scotland and the UK are
broadly comparable, with themain difference of a higher use of
mirtazapine and TCAs in Scotland.

Average permg prices for SSRIs, were calculated based on
Defined Daily Doses (WHO) and market share data for each
compound including all generic and branded versions of
each class. SSRI price per mgwas calculated as the average of
fluoxetine, paroxetine, sertraline and citalopram prices,
weighted by their market shares in the UK. Average pre-
scribed doses for SSRIs and mirtazapine were taken from UK
market information (Cegedim Strategic Data UK, March
2005; Psychotrak, HMSL Ltd, 2005). For duloxetine and
venlafaxine XR, in order to have consistency between
efficacy and dose, the average doses from the head-to-head
trials were used for both patient populations: 60 mg and
63mg duloxetine dose and 116.7 mg and 133mg venlafaxine
XR dose for primary and secondary care, respectively. Dose
titration was not modeled; the average doses were applied
throughout.
Indirect costs were evaluated as part of the sensitivity
analysis. Productivity losses were calculated based on the
human capital method. The number of working days lost were
taken from a European study by Kruijshaar et al. (2003) and
hours were evaluated using average gross wages (ONS, 2000).
2.7. Utility data

Quality of life of depressed patients is significantly lower
thanhealthypatientsRevicki andWood(1998).QALYs represent
durations of time weighted by some measure of quality of life,
usually health state utilities. Utilities measure a person's
preference fordifferent health states ona scale from0(anchored
as death) to 1.0 (anchored as complete health). Utilities for the
model were derived from EQ-5D scores of the almost 300
Europeanpatients in the trials (Eli Lilly, HMBU trial, data onfile),
using the UK tariffs. Mean adjusted least-squares changes in
utility scores compared to baseline were calculated for patients
by treatment and by response level. Mean changes in utility
scores were statistically significantly different for each health
state (responder, remitter, non-responder and drop-outs), but
not across treatment arms or patient severity. Adjusted least-
squares “mean-change-from-baseline” values for each state
were added to the average baseline utility score of all patients
(0.48) to obtain the utilities for the health states in the model:
0.48+0.31=0.79 for remitters, 0.48+0.20=0.68 for respond-
ers, 0.48+0.07=0.55 for non-responders and 0.48+
0.05=0.53 for those dropping out. Utility of patients achieving
remission and staying in remission without treatment (0.86)
was taken from Revicki andWood (1998).
2.8. Model assumptions

As in any other modelling exercise it was necessary tomake
a number of assumptions. The most influential assumptions
(based on the sensitivity analyses) are listed below.
▪ Duloxetine has identical switch patterns as venlafaxine XR
and SSRIs in primary care.

▪ Dropout in 2nd and subsequent cycles is similar for all
comparators in both settings.

▪ Duloxetine and venlafaxine XR 6wk/+6wk response and
remission rates (2nd cycle rates) are assumed to be similar
to the 8 wk/+8 wk rates required by the model.

▪ SSRIs andmirtazapine 2nd cycle probabilities are adequately
modelled by the weighted average rates for duloxetine and
venlafaxine XR.

▪ Switches to other treatments not included in the model
(i.e., TCAs) are not allowed.

▪ Resource use estimates of the Scottish physician panel are
adequate.

▪ Resource use is related to the response level (remission,
partial or no response) and not to the line of the therapy
(acute, modified, etc.).

▪ Daily cost of SSRIs is calculated as the average of the
individual SSRIs price per mg weighted by market share.

▪ Utilitymeasures fromEuropeanpatients in thehead-to-head
trials adequately describe utilities of depressed patients in
the UK.



Table 3
Base case results in primary & secondary care — all comparators.

Primary care Duloxetine Venlafaxine
XR

Mirtazapine SSRIs

% Remitted within a year 73.6% 70.9% 70.4% 71.1%
Quality adjusted time 0.665 0.663 0.654 0.656
Depression drug £223 £263 £181.24 £147
Depression
hospitalization

£128 £128 £137 £140

Visits (GP, A&E
psychiatrist)

£191 £194 £196 £198

Direct medical costs £543 £585 £516 £486

Incremental analyses Duloxetine
vs

Venlafaxine
XR

Mirtazapine SSRIs

Incremental costs
(direct only)

−£42 £27 £57

Incremental QALYs 0.002 0.012 0.009

ICER for direct costs only
(QALYs)

Duloxetine
dominates

£2,353 £6,304

99Á. Benedict et al. / Journal of Affective Disorders 120 (2010) 94–104
2.9. Analyses

Deterministic and probabilistic analyses were con-
ducted. For the latter, transition probabilities and utilities
were modelled using beta distribution, with means and
standard errors calculated from the patient numbers (see
Tables 1 and 2, and Table D) in the clinical trials. Costs
followed gamma distributions with assumed variances. A
Monte Carlo simulation with 5000 runs generated cost and
effect pairs. Component and total costs and outcomes,
incremental differences, as well as incremental cost effec-
tiveness ratios (ICERs) were presented. Confidence intervals
(CIs) around the incremental cost-effectiveness ratios
(ICER) were calculated non-parametrically. Cost-effective-
ness acceptability curves (CEACs) for all treatment alter-
natives were presented for the different ranges of
willingness to pay per QALYs gained (Stinnett and Paltiel,
1997; Briggs and Fenn 1998). One-way sensitivity analyses
Table 2
Transition probabilities for second and subsequent cycles.

Primary care Venlafaxine
XR (%, N) a

Duloxetine
(%, N) a

SSRIs, mirtazapine
(%, N) b

Stay in remission 83.3 (156) 87.0 (92) 84.7 (248)
Remission to response
(relapse)

16.7 (156) 13.0 (92) 15.3 (248)

Stay in response 22.1 (86) 10.7 (56) 17.6 (142)
From response to
remission

55.8 (86) 60.7 (56) 57.8 (142)

From response to
no response

22.1 (86) 28.6 (56) 24.7 (142)

From stay in no
response

43.1 (174) 50.5 (103) 45.9 (277)

From no response to
response

26.4 (174) 19.4 (103) 23.8 (277)

From no response to
remission

30.5 (174) 30.1 (103) 30.3 (277)

Secondary care Venlafaxine XR
(%, N) a

Duloxetine
(%, N) a

Mirtazapine
(%, N) b

Stay in remission 83.3 (156) 87.0 (92) 84.7 (248)
Remission to response
(relapse)

16.7 (156) 13.0 (92) 15.3 (248)

Stay in response⁎⁎⁎ 50.2 44.8 47.5
From response to
remission⁎⁎⁎⁎

9.3 15.0 12.1

From response to no
response⁎⁎⁎⁎⁎

20.1 21.4 20.8

From stay in no
response⁎⁎⁎

16.8 19.4 18.1

From no response to
response⁎⁎⁎⁎

63.0 59.2 61.2

From no response to
remission⁎⁎⁎⁎⁎

9.3 15.0 12.1

Source:
Note: ⁎Response and remission at 8 weeks. ⁎⁎Drop-out defined as
discontinuing medication as a result of intolerable adverse events or lack
of efficacy. ⁎⁎⁎Calculated by reducing primary care values by 0.667, the ratio
of response results of full population versus patients above HAM-D 25.
⁎⁎⁎⁎Calculated by reducing primary care values by 0.8672, the ratio of no
response results of full population versus patients above HAM-D 25.
⁎⁎⁎⁎⁎Equals 1 minus the sum of the probabilities in the 2 rows above.

a Eli Lilly, data on file, from the following trials: HMBU, HMCQ. Eli Lilly,
Data on file: HMBU, HMCQ.

b Average of duloxetine and venlafaxine XR data.

venlafaxine
XR

Secondary care Duloxetine Venlafaxine
XR

Mirtazapine SSRIs

% Remitted within a year 63.9% 57.6% 60.9%
Quality adjusted time 0.637 0.632 0.629
Depression drug £251 £283 £224.35
Depression
hospitalization

£543 £557 £576

Visits (GP, A&E
psychiatrist)

£826 £827 £839

Direct medical costs £1,622 £1,667 £1,640

Incremental analyses Duloxetine
vs

Venlafaxine
XR

Mirtazapine

Incremental costs (direct only)
Incremental QALYs

ICER for direct costs only
(QALYs)

Duloxetine
dominates
venlafaxine
XR

Duloxetine
dominates
mirtazapine
and probabilistic scenarios were run to test the robustness of
the model.

3. Results

3.1. Primary care

In the base case for primary care the point estimates for
QALYs are very similar for duloxetine and venlafaxineXR. Lower
costs with duloxetine were due almost entirely to lower drug
acquisition costs (Table 3). Compared to mirtazapine and SSRIs
duloxetine produced additional benefits at higher costs leading
to ICERs of approximately £2400 and £6300/QALY (Table 3).
According to theCEAC (Fig. 2), if thewillingness topayperQALY
gained is below £5,000, SSRIs are the preferred treatment
choice. Above that value duloxetine is the preferred option in
the base case. For the commonly accepted thresholds of
willingness to pay (around £20,000 in the UK (NICE, 2004))
duloxetinewould be the preferred option for treatment ofMDD
in primary care.



Fig. 2. CEAC for primary care population — base case.
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3.2. Secondary care

Secondary care results — i.e., the subgroup with HAMD-
17N25 — the QALY benefit with duloxetine is slightly greater
compared to venlafaxine XR than in the primary care scenario.
This benefit is still achieved at lower costs, making duloxetine
the dominant (i.e. more effective and less costly) treatment
choice (Table 3). The same relationship holds for mirtazapine.
The CEAC from the probabilistic analysis is presented in Fig. 3,
showing a higher likelihood for duloxetine to be cost-effective
over the whole range of willingness to pay values.

3.3. Sensitivity analysis

One way sensitivity analyses of all parameters in the
primary care scenario highlighted that the model is
Fig. 3. CEAC for secondary care
sensitive to uni-lateral changes in some key efficacy
parameters. Ceteris paribus, at the upper 95% CI of
duloxetine relapse rate, and at the lower 95% CI of the
duloxetine remission or response rate, duloxetine is less
costly and less effective than venlafaxine XR. The same
changes increased the ICER against mirtazapine to a
maximum of about £10,000. In the comparison with
SSRIs the duloxetine response and relapse rates are the
most sensitive parameters. A unilateral increase in relapse
rate for duloxetine from the 13% base case to 21% increased
the ICER against SSRIs to about £50,000.

From the utility parameters, the least square change for re-
sponders has the largest impact on the total QALYs: at the
upper 95% CI, 0.32 vs 0.20 in the base case, the QALY difference
between duloxetine and venlafaxine XR changed from 0.002
to −0.0009.
population — base case.
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Resource use and cost-parameters were not sensitive in
their 95% confidence interval. Venlafaxine XR dose had a
large impact on the amount of cost-saving with duloxetine.
At the upper limit of 141 mg/day vs the 116.7 mg/day in the
base case, the cost saving grows from £42.5 to £83.5 per
patient per year. With as low as 95 mg/day for venlafaxine
XR, duloxetine still remained less costly. The use of the
lowest available SSRI price/mg for fluoxetine increased the
ICER to £11,089.

The secondarycare scenario is less sensitive to changesgiven
the greater advantage in efficacy data point estimates. The
biggest change in incremental QALYs was induced by a uni-
lateral increase in duloxetine's relapse rate from 13% to 21%,
resulting in an incremental QALY of −0.001, and an ICER of
£6063/QALY against venlafaxine XR; or a unilateral decrease in
venlafaxine XR's relapse rate from 19% to 13%, resulting in an
incremental QALY of 0.0011, and an ICER of £12,389/QALY for
duloxetine compared to venlafaxine XR. Other plausible
changes in the parameters did not change the sign of either
the incremental costs or effectiveness for duloxetine relative to
the other treatments (i.e. duloxetine remained the dominant
option).

Three different scenarios were run probabilistically to
further explore the robustness of the model (presented in
the Appendix A, Fig. A and B). The first used a different set of
clinical efficacy data for duloxetine, based only on thehead-to-
head trial, with higher remission rates coupled with higher
dropout for duloxetine. The second scenario, relevant only in
the primary care, involved efficacy data for SSRIs from a less
severe patient population (≥18 HAMD-17), providing a more
conservative scenario towards duloxetine. The third scenario
used identical second cycle probabilities for each comparator
to present a more conservative case towards duloxetine.
Scenarios that yielded results that were more favourable for
duloxetine — e.g. increased venlafaxine XR average dose —

were not presented.
In the scenario 1, the benefits of the higher remission rates

in the head-to-head trials compared to the pooled data
outweighed the effect of higher dropout and the CEACs are
more favourable for duloxetine than in the base case. In
scenario 2 — relevant only for primary care — the CEAC for
duloxetine shifted down and venlafaxine XR shifted up
bringing the two closer in both settings (Supplementary
Fig. A). In scenario 3 there is a more pronounced shift of the
CEAC curves in both settings (Supplementary Figs. A and B).
Duloxetine still has the highest probability of being cost-
effective but with a lower (around 50%) probability in both
primary and secondary care.

The inclusion of indirect costs did not change any of the
conclusions of the incremental analysis. The total costs
associated with depression increased in all treatment arms.
Therefore the amount of cost saving would increase against
venlafaxine XR, and duloxetine would also dominate (i.e. be
more effective and less costly against SSRIs and mirtazapine.

4. Discussion

Our analysis shows that duloxetine has the highest
probability of being the cost-effective treatment choice in a
four-way comparison on SNRIs, mirtazapine and SSRIs in
moderately severe MDD patients presenting in primary care
in Scotland as long as health care authorities arewilling to pay
£6000 or more per QALY gained. In a more severe patient
population (patients with HAMD-17N25), the likelihood of
duloxetine being cost-effective is more than 40% higher than
for venlafaxine XR even if there are no additional sources for
mental health available, i.e. the willingness to pay for a QALY
is zero. The difference increases to 60% with increasing
willingness to pay per QALY.

The results need to be interpreted in light of the background
data. Duloxetine and venlafaxine XR had very similar efficacy in
two head-to-head trials, and higher remission rates than SSRIs
or mirtazapine. As one consequence, the results of the venla-
faxineXRvs duloxetine comparisonwere sensitive to changes in
the efficacy parameters, whereas the comparisons against
mirtazapine and SSRIs were more robust. As a second conse-
quence, other inputs such as utility values, drug doses and
acquisition costs have an important impact of the cost-effective-
ness outcome.

Utility data came from the head-to-head clinical trial
population therefore are robust inputs. The order of the re-
sulting utility estimates by response status in the European
patients of the trial corresponded to expectations, with
patients in remission having the highest utility (0.79);
followed by responders without remission (0.68), those not
responding (0.55), and finally patients discontinuing treat-
ment (0.53) having the lowest utility. The utility values were
not distinguished by treatment, only by response level
achieved by a treatment. Therefore, differences in modelled
QALYs across treatments were due entirely to efficacy differ-
ences, and subsequent switches.

Daily drug doses for duloxetine and venlafaxine XR were
based on the clinical trials given that at the time of the analysis
duloxetine had not been on the market long enough to have
reliable market data. It also has proven to be a conservative
choice. In the primary care scenario the average dose in the trial
for venlafaxine XR (116.9 mg/day) was similar to the dose from
prescription databases, which was 113 mg/day (Cegedim
Strategic Data UK, March 2005). However in the secondary
care, dose according to Psychotrak 2005 data was significantly
higher (179 mg vs 133 mg in the trial). Applying the trial dose
for both agents made the model more consistent: venlafaxine
XR efficacy may be dose dependent, and applying the market
dose in the secondary care analysis would have biased results
towards duloxetine because of increasing the drug cost but not
the efficacy for venlafaxine XR.

Duloxetine's daily dose in the primary care analysis should
increase to around 76mg or venlafaxine XR's daily dose should
decrease to 91 mg/day to reverse the cost-difference to favour
venlafaxine XR. This seems unlikely to happen, since prescribed
doses stayed stable. 2007 market data shows 55.8 mg average
daily dose for duloxetine and 116.7 mg for venlafaxine XR
(Cegedim Strategic Data UK, March 2005 and February 2007).

The well-known phenomenon of high patient attrition rate
among depressed patients has been incorporated, compensat-
ing for the fact that RCTs are highly controlled and produce
much higher compliance thanwhat is seen in real life.

The results of our study need to be compared against other
published cost-effectiveness studies in depression. A recent
systematic review on cost-effectiveness of depression treat-
ments by Barrett, et al. (2005) identified over 20 cost-
effectiveness analyses comparing antidepressants. The review
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highlighted problemswith the reliability and comparability of
cost-effectiveness analyses (CEAs), and listed six factors why
conclusions of these studies are unequivocal. Indeed, CEAs of
antidepressants often use symptom-free days, or success rate
as the outcome measure. The ambiguity of meaning of a
symptom-free day (days in remission, parts of the day in
response) makes the comparison of CEA results difficult even
within the narrow field of mental health, let alone across
other disease areas. Barrett et al., (2005) expressed the
importance of considering all costs related to depression,
given its large impact on absenteeism and presenteeism at the
workplace. Our analysis considered productivity losses
although the base case probabilistic analysis did not include
those given the fact that the endorsement of a new treatment
in Scotland is constrained by the health care budget.

A Canadian analysis by van Baardewijk et al., (2005)
compared venlafaxine XR and duloxetine employing indirect
comparison of clinical trial results. Their analysis differs from
ours in many respects, including model structure, data
inputs, and outcome measures. Remission and response
without remission was not distinguished in their analysis.
Efficacy data were obtained from meta-analysed remission
rates for the two SNRIs, favouring venlafaxine (40.1% vs 36.5%
in van Baardewijk et al.; 39.7% vs 40.3% in our study). The
dose of venlafaxine XR in the meta-analysis differs from the
dose in our model. The Canadian analysis considered a
shorter time-frame of 6 months, and omitted relapse after
remission, whereas relapse rates were shown in our analysis
to be amongst the most sensitive parameters. Furthermore,
duloxetine price applied in the model was based on US data,
adjusted by the price difference of venlafaxine XR between
US and Canada.

A Spanish cost-effectiveness analysis by Baca and Rubio-
Terrés (2006) used very similar data sources and had similar
model structure to the Canadian analysis, with only 6 months
time horizon, and symptom free days as outcome measure.
Venlafaxine XR produced 3.49 symptom-free days at a cost that
was €100 less than that produced by duloxetine. The higher
total cost for duloxetine is despite the fact that in Spain the ratio
of the daily cost for duloxetine vs venlafaxine XR used in the
model is 86%.

Symptom-free days are surrogate outcomes used exten-
sively in cost-effectiveness analyses in disease areaswith fewor
no published utility values or where they are difficult to obtain
(e.g. children). Their definition and their ability to distinguish
between response without remission and remission is unclear.
Cost-effectiveness results measured in cost/symptom-free days
gained are difficult to interpret or to compare to incremental
cost/QALY ratio results. A six month time horizon may be too
short to capture even one major depressive episode: it takes
usually 2–3 weeks for SSRIs and SNRIs to improve the disease
and current guidelines. NICE (2007) recommends that patients
take the drugs for a further 6 months.

These differences make a direct comparison of our results
to these two duloxetine vs venlafaxine XR cost-effectiveness
analyses inappropriate. The use of other than head-to-head
efficacy data that compare duloxetine with venlafaxine XR
may explain the differences in relative remission rates and the
subsequently reversed rank of treatments in terms of out-
comes. It is likely that the drug costs are the most influential
factors explaining the difference in costs in the Canadian
analysis. However, as the cost components were not pre-
sented in the published papers this cannot be confirmed.
Although the outcome measure is presented as incremental
cost/SFD, the conclusions of both papers are in some way
comparable to ours: there is little difference in efficacy
between the two treatments, and results are sensitive to small
changes in the efficacy data or costs.

Our cost–utility analysis fills a gap in the available
economic evidence on the value of new antidepressant
treatments in the UK market. It is compatible with the
requirements of NICE and the SMC towards adequate
economic evaluations: it relies on the results of head-to-
head trials of venlafaxine XR and duloxetine; it considers
QALYs as the main outcome, and considers a long enough
horizon to capture cost and consequences of an average
episode of depression. It was carried out probabilistically to
consider uncertainties in input parameters simultaneously.
The four-way and three-way probabilistic comparison in the
moderately and severely depressed patients respectively,
facilitated a more comprehensive comparative analysis than
simple two-way comparisons.

5. Limitations

As with any modeling study a number of limitations
remain. A Bayesian network meta-analysis is now the
preferred method by NICE for indirect comparisons (NICE,
2008). However, formal meta-analysis of active comparator
trials of duloxetine provided efficacy data for our study. More
importantly, the most important comparison for the present
analysis is based on head-to-head clinical trial data, the
highest quality clinical evidence available.

The efficacy data for SSRIs are from other duloxetine trials,
and for mirtazapine from a fairly oldmeta-analysis. Gathering
efficacy from different sources always carries the risk of bias
given the incomparability of trial populations. Indeed, better
efficacy for SSRIs in the scenario analysis reduced the
probability of duloxetine being the cost-effective treatment
from 70% to 50%.

Handling SSRIs as a group is supported by the literature
from the clinical efficacy side (Kroenke et al., 2001) however,
the use of a weighted average price masks the differences
between prices of these products. A sensitivity analysis
around the prices of SSRIs showed that conclusions were
robust at the lowest existing SSRI price.

With respect to titration the model does not reflect clinical
practice very accurately. Patients could not switch to TCAs in
the model, even though they are effective and cheap alter-
natives, if less tolerable. TCAs represented a minority of the
drugs after switch in market data (Cegedim Strategic Data UK,
March 2005), and low overall percentage of patients switching
means that results would probably be unaffected.

Resource use data in the model come from a very small
physician panel that is not the ideal source of evidence. A
naturalistic prospective randomized study would provide a
more reliable source of resource use in real clinical practice.
The assumption that more severe patients will be treated in
secondary care andmoderately depressed patients in primary
care may be less clear cut in reality.

Uncertainty within the parameters has been explored quite
extensively as part of the probabilistic sensitivity analysis, but

http://www.nice.org.uk/aboutnice/howwework/devnicetech/technologyappraisalprocessguides/guidetothemethodsoftechnologyappraisal.jsp?domedia=1&mid=B52851A3-19B9-E0B5-D48284D172BD8459
http://www.nice.org.uk/aboutnice/howwework/devnicetech/technologyappraisalprocessguides/guidetothemethodsoftechnologyappraisal.jsp?domedia=1&mid=B52851A3-19B9-E0B5-D48284D172BD8459
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parameter distributions were not correlated given the lack of
data. The structural uncertainty, inherent in anymodel, remains
unexplored.

Although there are some recent examples of comparison
of combination of medical and psychological treatments
(cognitive behavioural therapy) with medication alone, our
analysis included often used medication options only. Con-
sidering CBT or psychotherapy as a treatment alternative was
beyond the scope of this study.

6. Conclusions

Based on modelling over a 48-week horizon, duloxetine
shows very similar efficacy to venlafaxine XR in a moderately
to severely depressed population (HAMD-17N19) and slightly
better efficacy in a more severely depressed population with
HAMD-17N25 at baseline. Given its lower daily acquisition
cost compared to venlafaxine XR, it is very likely to be a cost-
effective treatment choice for MDD patients. For treatments
so similar in efficacy, and both more effective than SSRIs, it is
not surprising that when compared to each other, they have a
knife-edge reciprocal dominance, i.e. in a large number of
simulations the cost-effectiveness ratio — although most
often favouring duloxetine — may also favour venlafaxine XR
in a smaller proportion of cases, as witnessed by our and the
Canadian analysis. In these cases, unless there is a clear cost
difference like in the case of this Scottish analysis, cost–utility
analyses and ICERs may be of less value in decision-making.
Other factors such as the side-effect profile of the treatment
alternatives and the value for the physicians of being able to
present a choice to MDD patients may prove other important
factors when choosing treatment.
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