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Abstract

Objective:

Around one-third of patients with bipolar I disorder (BD-I) experience mixed episodes, characterized by

both mania and depression, which tend to be more difficult and costly to treat. Atypical antipsychotics

are recommended for the treatment of mixed episodes, although evidence of their efficacy, tolerability, and

cost in these patients is limited. This study evaluates, from a UK National Health Service perspective, the

cost-effectiveness of asenapine vs olanzapine in BD-I patients with mixed episodes.

Methods:

Cost-effectiveness was assessed using a Markov model. Efficacy was informed by a post-hoc analysis of

two short-term clinical trials, with response measured as a composite Young Mania Rating Score and

Montgomery-Åsberg Depression Rating Scale end-point. Probabilities of discontinuation and relapse

to manic, mixed, and depressive episodes were sourced from published meta-analyses. Direct costs

(2012–2013 values) included drug acquisition, monitoring, and resource use related to bipolar disorder

as well as selected adverse events. Benefits were measured as quality-adjusted life years (QALYs).

Results:

For treating mixed episodes, asenapine generated 0.0187 more QALYs for an additional cost of £24

compared to olanzapine over a 5-year period, corresponding to a £1302 incremental cost-effectiveness

ratio. The higher acquisition cost of asenapine was roughly offset by the healthcare savings conferred

through its greater efficacy in treating these patients. The model shows that benefits were driven by earlier

response to asenapine during acute treatment and were maintained during longer-term follow-up. Results

were sensitive to changes in key parameters including short and longer-term efficacy, unit cost, and utilities,

but conclusions remained relatively robust.

Conclusions:

Results suggest that asenapine is a cost-effective alternative to olanzapine in mixed episode BD-I patients,

and may have specific advantages in this population, potentially leading to healthcare sector savings and

improved outcomes. Limitations of the analysis stem from gaps in clinical and economic evidence for these

patients and should be addressed by future clinical trials.

Introduction

Bipolar disorder is a complex, recurrent mood disorder, which has a significant
impact on a patient’s quality-of-life1,2 and places a considerable economic
burden on society3–6. Patients diagnosed with bipolar I disorder (BD-I) may
experience mixed episodes, which are characterized by the presence of both
mania and depression7. Studies investigating the burden of illness in bipolar
disorder (BD) have found that patients with mixed episodes tend to have
more frequent episodes of illness, with episodes of longer duration8, greater
functional severity9, and larger impact on quality-of-life10. They have found
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them to be associated with the highest average length of
hospital stay of any BD episode type11,12. The cause of this
extra burden on inpatient services is driven by a lower
likelihood of and longer time to recovery for patients
with mixed episodes compared to patients with only
manic or depressive episodes13. Additionally, these
patients tend to experience less inter-episodic remission,
have higher risks of relapse, and have higher rates of sui-
cide and co-morbid conditions such as substance abuse14.
Thus, the consequent complexity of mixed episodes can
make them harder and more costly to manage than the
more commonly-occurring manic or depressive episodes.

Published clinical guidance15,16 currently recommends
treating mixed episodes in much the same way as one
would treat acute manic episodes, with atypical antipsych-
otics (AAPs), often olanzapine (OLA). However, the fifth
edition of the Diagnostic and Statistical Manual of Mental
Disorders (DSM-5)7 has refined the diagnosis of mixed epi-
sodes with a mixed-feature specifier17, a move that will
allow clinicians to more accurately identify patients who
may be suffering from concurrent symptoms of depression
and mania/hypomania. This increased diagnostic accuracy
should enable clinicians to better tailor treatment to a
patient’s behaviours.

Asenapine (ASE) is a new AAP developed for the
treatment of schizophrenia and bipolar disorder. In
Europe, asenapine is licensed for the treatment of moder-
ate-to-severe manic episodes associated with BD-I in
adults. In the US and other countries, where it is approved
as both monotherapy and adjunctive therapy with lithium
or valproate, asenapine is approved for the acute treatment
of manic or mixed episodes associated with BD-I. In the
US, it is also approved for the treatment of adults with
schizophrenia.

Short-term efficacy, tolerability, and safety of asenapine
in treating acute mania in BD-I was assessed via two
identically designed 3-week, randomized, placebo- and
OLA-controlled trials as well as a 9-week, double-blind
OLA-controlled extension study. In this trial program
(called ARES), ASE was statistically significantly more
effective than placebo and statistically non-inferior to
OLA in reducing both mania as measured on the Young
Mania Rating Score (YMRS) and depression measured on
the Montgomery-Åsberg Depression Rating Scale
(MADRS).

A recent post-hoc analysis by Azorin et al.18 used data-
sets from ARES to evaluate efficacy in the sub-set of BD-I
patients who had enrolled with a mixed episode as defined
by the DSM-IV-TR19. The authors found that ASE pro-
duced a statistically significantly greater improvement on
YMRS and MADRS total scores and a higher composite
response (�50% reduction from baseline in YMRS and
MADRS scores) rate at week 3 compared to placebo.
In contrast, no statistically significant difference between
OLA and placebo at week 3 was found. At week 12, during

the extension phase, YMRS and MADRS total scores fur-
ther decreased. The composite response rate increased
with ASE and to a lesser extent with OLA. Although no
statistically significant difference was observed between
asenapine and olanzapine in composite response rate or
mean reduction on either score, the findings from the
Azorin et al.18 analysis do suggest a potential difference
in the way the two drugs work in mixed episodes.

Second-generation AAPs are cost-effective drugs for
managing the manic episodes associated with BD-I,
as numerous analyses have demonstrated20–26. However,
no study has tried to estimate the cost-effectiveness of
AAPs specifically in managing mixed episodes in BD-I
patients.

Methods

Model structure

This study presents a modeled evaluation to estimate the
relative costs and benefits of using ASE compared to OLA
for the treatment of mixed episodes in BD-I patients.
Comparison against other second-generation AAPs was
not possible due to differences in the ways outcomes
were reported in the clinical trials. Benefits of treatment
were measured as quality-adjusted life years (QALYs), and
costs were considered from a UK National Health Service
and Personal Social Services perspective. Hypothetical
patients included in the model have an average age of
38.7 years and are 54.6% male, reflective of the mixed
episode sub-group from the ARES trial program.

The model is divided into two phases: a 9-week acute
phase and a 5-year maintenance phase. The acute phase
covers the initial treatment of a mixed episode and the
maintenance phase uses a Markov model to follow patients
as their condition stabilizes and the goal of treatment shifts
into relapse prevention. Figure 1 presents a graphical illus-
tration of the model’s main attributes. Costs and QALYs
are discounted at 3.5% per annum during the maintenance
phase, in accordance with recommended methods27.

Hypothetical patients enter the model presenting with
an acute mixed episode, and are allocated either ASE or
OLA. If they respond to their allocated treatment at week
3, treatment is continued and they enter a ‘sub-acute’
health state. If a patient does not respond at week 3, val-
proate (VPA) is added to their starting treatment; if this
combination produces a response by week 6, it is continued
and the patient enters the ‘sub-acute’ health state. If the
addition of VPA fails to induce a response by week 6, the
VPA ‘add-on’ is replaced with lithium (Li) for the final
3 weeks of the acute phase at which time response is
assessed again. A recent survey of treatment guidelines28

demonstrated a lack of consensus regarding the appropriate
time to change treatment strategies in the case of partial or
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non-response during an acute manic episode, with recom-
mendations ranging from 2–12 weeks. In the absence of
firm evidence and given the high risk of suicide in mixed
episodes, a shorter duration (3 weeks) during which to
assess response to treatment was considered appropriate
as it may be dangerous to wait longer before changing.

The maintenance phase of the economic model is
designed to follow patients for 5 years after their qual-
ifying mixed episode was first treated. Five years was
deemed a sufficient length of time by clinical experts
to capture the longer-term aspects of treating bipolar
disorder, including stabilization after an acute episode,
possible discontinuation of AAP therapy, management
and prevention of relapse episodes, and mortality.
Shorter and longer time horizons were tested in sensitiv-
ity analysis.

‘Responders’ from the acute phase enter the mainten-
ance phase in a sub-acute health state, during which the
treatment to which they responded is continued, and
the lingering (but greatly diminished) effects of the ini-
tial episode continue to have some impact on costs and
quality-of-life.

‘Non-responders’ from the acute phase are allocated to
triple therapy (ASE or OLAþVPAþ Li) in the mainten-
ance phase, an assumption informed by clinical expert
opinion. They remain in an acute mixed episode state
until they eventually experience a diminution of their
acute symptoms and move to the sub-acute health
state or die.

Whilst still on treatment, sub-acute patients’ symptoms
are expected to further diminish, eventually resolving
in a state of euthymia— - reflected by the ‘Stable’ health

Figure 1. Economic model health states and transitions.
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state. At this point patients may discontinue treatment
with the AAP they were assigned, although based on
expert opinion29 we assumed that patients would not
come off treatment entirely. Instead we assumed that
patients discontinuing their AAP were most likely to
remain on a minimal mood stabilizer therapy in the form
of either VPA (50% of patients) or Li (50% of patients).

Stable patients (either on regular antipsychotic
treatment or on the minimal treatment described above)
can relapse and experience a manic, mixed, or depressive
episode. Following a relapse, patients switch to treatment
with quetiapine (QTP) in combination with either
VPA or Li (a 50/50 split is assumed). The duration of
episodes depends on the type of event, as described in
the next section.

At any point in the model, patients can die.
Due to the increased risk of suicide, risk of death is
assumed to be higher during an acute episode and
immediately afterwards (in the sub-acute health states).
Mortality risk is reduced, although still higher than
in the general population, during periods of stable
euthymia.

Clinical inputs

Response to treatment (acute phase)
Response to the starting therapy (ASE or OLA) at week 3
was sourced from the post-hoc analysis of ARES18, and
defined as a reduction (improvement) of 50% or more
from baseline in both YMRS and MADRS scores.
Comparative response rates for ASE and OLA in combin-
ation with VPA or Li on the composite YMRS and
MADRS outcome are not available from clinical trial
data, so we used the upper limit of the 95% confidence
intervals for ASE or OLA, as observed in the post-hoc
analysis. This assumption was deemed reasonable by clin-
ical expert opinion, given that combination therapy is
expected to be more efficacious than monotherapy; it is
explored in sensitivity analysis. Probabilities of response to
each treatment are presented in Table 1.

Stabilization, discontinuation, and relapse
(maintenance phase)
Patients who failed to achieve a response in the acute
phase enter the maintenance phase as ‘non-responders’

Table 1. Clinical input data for acute and maintenance phases.

Input value by treatment type Probability per cycle (95% CI) Source & notes

Acute phase: treatment response
Asenapine 0.46 (0.34, 0.59) ARES post-hoc analyses
Olanzapine 0.38 (0.27, 0.49) ARES post-hoc analyses
Asenapineþ (VPA or Li) 0.59 (0.47, 0.71) Use upper 95% CL from ASE
Olanzapineþ (VPA or Li) 0.49 (0.38, 0.59) Use upper 95% CL from OLA
No treatmenta 0.24 (0.12, 0.40) ARES post-hoc analyses

Maintenance: transition to ‘sub-acute’ and ‘stable’ states
Acute phase non-responder to sub-acute 0.35 Assumption
Sub-acute to stable 0.60 Assumption

Maintenance: transition to ‘minimal VPA or Li’
No treatment 0.017a 31b

Asenapine 0.013 c

Olanzapine 0.013 30

(ASE or OLA)þ VPA 0.014 30d

(ASE or OLA)þ Li 0.016 30e

(ASE or OLA)þ VPAþ Li 0.014 f

Quetiapineþ (VPA or Li) 0.012 30

Maintenance: relapse Mania Mixed Depression

Asenapine 0.002 0.004 0.012 c

Olanzapine 0.002 0.004 0.012 32

(ASE or OLA)þ VPA 0.007 0.013 0.004 32d

(ASE or OLA)þ Li 0.006 0.011 0.006 32e

(ASE or OLA)þ VPAþ Li 0.007 0.013 0.004 f

Quetiapineþ (VPA or Li) 0.007 0.005 0.019 33

Minimal VPA or Li 0.007 0.012 0.005 g

Adverse events: incidence at 3 weeks Weight gain EPS

Asenapine 0.14 (0.08, 0.23) 0.11 (0.06, 0.19) 38

Olanzapine 0.26 (0.18, 0.35) 0.10 (0.05, 0.17) 38

(ASE or OLA)þ VPA 0.08 (0.00, 0.16) 0.11 Average of ASE and OLA
(ASE or OLA)þ Li 0.04 (0.00, 0.15) 0.08 (0.00, 0.17) 38

Quetiapineþ (VPA or Li) 0.14 0.09 33

aProbability not used in model – shown for reference only; bcurve fitted to function in Ekman et al.31; cassumed same value as OLA; dvalue for VPA used; evalue for Li
used; fassumed same as VPA; gaverage of Li and VPA calculated.
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receiving triple therapy (ASE or OLAþVPAþ Li). The
probability of transitioning from this state to ‘sub-acute’
was assumed to be 10% per week (corresponding to a 35%
per cycle probability). Although no hard clinical data
could be found to support this assumption, it has been
validated through expert opinion29.

The sub-acute health state was implemented in the
Markov model as a temporary tunnel state, through
which responding patients transition before achieving
euthymia. A 60% monthly probability of achieving euthy-
mia was applied estimated based on the assumptions that
the average duration of a mixed episode is 16 weeks,
and that 90% of all patients will reach euthymia within
16 weeks of the start of the mixed episode.

The probability of discontinuing treatment with
the initial AAP during periods of disease stability was cal-
culated by applying a risk ratio from a published meta-
analysis of BD trials30 to an underlying baseline probability
of discontinuing on placebo. The placebo discontinuation
rates are based on a published Discrete Event Simulation
(DES) model for patients with acute bipolar depression31.
The per-cycle probabilities of moving off treatment onto
minimal VPA or Li are reported in Table 1.

Probabilities of relapse for most modeled treatments
were sourced from a health technology assessment
(HTA) conducted by Soares-Weiser et al.32 in the main-
tenance setting. Patients who relapse in the maintenance
phase are switched to QTPþ Li or VPA and, whilst on this
treatment, they can relapse again into manic, mixed, or
depressive episodes. For this group of patients, the annual
risk of relapse for each type of acute episode was extracted
from Kaplan-Meier curves reported in Vieta et al.33.

Relapse probabilities for ‘manic/mixed episode’ and
‘depressive episodes’ were reported in the Soares-Weiser
et al.32 HTA. In order to disaggregate the ‘manic/mixed’
relapse type we replicated the observed balance of relapse
episodes from the placebo arm of Vieta et al.33 to assume
that 37% of those relapses would be manic and 63% would
be mixed. All probabilities were calculated as per-cycle
values and reported in Table 1.

The Markov model implements relapsed episodes using
tunnel states, each with a fixed number of cycles. The
length of an acute episode was defined using data from
Soares-Weiser et al.32 and the 2011/12 NHS Hospital
Episode Statistics (HES)34, and validated by clinical
expert opinion.

Soares-Weiser et al.32 estimated that, in cases where an
acute episode required hospitalization, the inpatient
length of stay (LOS) represented �60% of the total epi-
sode duration in the case of manic episodes and 38% in the
case of depressive episodes. To estimate updated figures for
total episode duration, the same proportions were applied
to the most recently published HES data. In the absence of
a defined relationship between LOS and episode duration
for mixed episodes, it was assumed to be the same as for

manic episodes. See Table 2 for the resulting total episode
duration and corresponding number of cycles assumed for
each episode.

Mortality
Base mortality rates were sourced from life tables of the UK
general population35 and general population risks of sui-
cide were estimated from UK Mortality Statistics36. Based
on the published literature37, all patients with bipolar dis-
order are reported to have an increased risk of death due to
non-suicidal causes (standardized mortality ratio¼ 1.69).
During an acute episode and whilst in the sub-acute health
state, patients also have an increased risk of death due to
suicide, which was estimated to be 11.53 (SMR).

Adverse events
Weight gain is expected to be associated with all drugs
given in this model. For combination drug regimens, the
weight gain incidence is set to equal that of the drug most
highly associated with weight gain. Extra-pyramidal symp-
toms (EPS) are assumed to occur in all patients receiving
AAPs in the model (i.e., OLA, ASE, or QTP). Both
adverse events are assumed to occur independently.

Weight gain is assumed to occur soon after starting
treatment, and once gained the extra weight (and asso-
ciated health effects) persists for the remainder of the
model. EPS are also assumed to occur early after starting
antipsychotic treatment, but with appropriate medication
the symptoms are brought under control and, therefore,
EPS-related health detriment is only assumed to occur in
the acute phase. The incidence values for weight gain and
EPS for each drug are reported in Table 1.

Quality-of-life inputs

Utility values for model health states and adverse events
(AEs) were extracted from published literature and from
post-hoc analyses of patient-level data in ARES38. Mixed
episode utilities for the model were estimated by convert-
ing responses from version 2 of the 36-item short form
health survey (SF-36v2) gathered during the ARES trial
program into EuroQol-5D utility scores using a published
algorithm39. All utilities were converted to multipliers

Table 2. Relapse episode duration and length of associated inpatient stay
in patients admitted to hospital.

Episode
type

In-patient
LOS (days)34

Overall
episode
duration
(days)32

Overall
episode
duration
(weeks)

Number of
4-week
cycles

Mania 33.8 57.3 8.2 2
Mixed 66.0 111.9 16.0 4
Depression 51.9 137.9 19.7 5
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using Ara and Brazier’s40 formulae so that they could be
age- and sex-adjusted relative to the study population and
then combined with disutility figures for EPS and weight
gain using a multiplicative method (Table 3).

Resource use and cost inputs

Four relevant cost categories were identified: drug acqui-
sition costs, monitoring costs, other health care services
costs, and adverse event costs.

Drug acquisition
Drug acquisition costs (see Table 4) are based on 2013 list
prices from the British National Formulary41 and dosing
information from trial data on file38. The costs of generic
olanzapine and quetiapine were used to reflect UK clinical
practice and a more conservative costing scenario.

Monitoring
We assumed monitoring would involve laboratory tests,
which differed according to drug regimen. We drew on
evidence from Soares-Weiser et al.32 as well as the NICE
Clinical Guideline for bipolar disorder15, with NHS unit
costs42–44 inflated where appropriate to 2012 values. Acute
and maintenance phase monitoring costs are presented in
Table 4.

Healthcare services consumed (hereafter ‘health state
costs’)
Costs associated with manic, mixed, and depressive
episodes as well as with periods of disease stability (see
Table 5) were sourced largely from the costing estimates
and assumptions of Soares-Weiser et al.32 and the NICE
guideline on bipolar disorder15. Depending upon the epi-
sode type, patients could be managed on an inpatient or
outpatient basis or with a crisis resolution team. Apart
from inpatient hospital stays, which were sourced from
NHS hospital episode statistics34, we conservatively
assumed that manic and mixed episodes consume the
same level of healthcare resources.

Combining all assumptions we estimated overall per
cycle health state costs to be £86 for stable BD-I and
£4945, £4645, and £594 during manic, mixed, and depres-
sive episodes, respectively. Based on the expected duration
of each episode type (see Table 2), the total healthcare
cost for managing an acute manic, mixed, and depressive
episode is estimated to be £9890, £18,580, and £2970,
respectively.

Adverse event costs (weight gain and EPS)
The current model assumes that weight gain will occur and
be actively managed during the 9-week acute phase.
Although some further weight gain may occur as patients
continue treatment during the maintenance phase, gains
are assumed to plateau and, thus, no further intervention
or active management is considered necessary. This con-
servative assumptions means that weight gain-associated
costs only apply in the acute phase, as shown in Table 6.
Regarding EPS, patients are expected to need a psychiatric
consultant visit as well as medication (procyclidine)

Table 3. Utility values.

Health state Published
utility
value

Age and
sex-adjusted

utility
multiplier

Source

Acute episodes
Manic

Inpatient (80%) 0.25 0.28 48

CRT (20%) 0.60 0.66 48

Mixed
Inpatient (80%) 0.68 0.75 post-hoc

analysis38

CRT (20%) 0.68 0.75
Depressive

Inpatient (10%) 0.29 0.33 48

Outpatient (70%) 0.61 0.68 49

CRT (20%)
Recovery

Sub-acute 0.80 0.90
Stable 0.84 0.94 38

Adverse events
Weight gain 0.83 0.93 50

EPS 0.72 0.81a 50

aDisutility of EPS only applied during acute phase as assumed to be
appropriately managed during maintenance phase.

Table 4. Drug dosages, acquisition, and monitoring costs.

Treatment Daily
dose (mg)

Unit cost
per mg (£)

Daily
cost (£)

3-weekly monitoring
costs – acute phase (£)

Annual monitoring
costs – maintenance phase (£)

Asenapine 18.3 0.171 3.13 37.85 4.56
Olanzapine 14.8 0.004 0.06 37.85 4.56
Quetiapine 613.8 0.000,3 0.19 NA 7.90
VPA 1735.4 0.000,65 1.12 12.32 4.56
Li 1126.3 0.000,084 0.09 42.77 18.61
Li þ VPA – – 1.22a 49.54 18.61

aThe daily cost of combination therapy Liþ VPA was calculated as the sum of Li and VPA.
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during the acute phase, but during the maintenance we
have only applied the ongoing medication cost and no
further consultant visits specifically to deal with EPS.

Sensitivity analysis

The model’s primary outcomes were the number of life-
years and QALYs. Total QALYs were estimated both
when the impact of AEs on quality-of-life was included
and excluded. One-way sensitivity analyses and probabil-
istic sensitivity analysis (PSA) were performed to assess
the effect of variation in key inputs on the model results.
For PSA we assigned statistical distributions to all main
parameters: a beta distribution was used for probabilities
and utility parameters, whilst risk ratios and costs were

assumed to have a log-normal distribution. The results of
2000 iterations are presented as mean costs and QALYs for
each comparator and their cost-effectiveness is compared
using standard decision rules.

Results

Base case analysis

Over 5 years and 9 weeks, patients with mixed episodes
treated with ASE enjoyed 0.0187 more QALYs than OLA
for an additional cost to the healthcare system of only £24.
These results correspond to an incremental cost-effective-
ness ratio (ICER) of £1302 per QALY gained. Results pre-
sented in Table 7 indicate that, although drug costs for
asenapine are greater during both acute and maintenance
phases (incremental differences are £186 and £2128,
respectively), the savings achieved by avoiding prolonged
hospitalization (�£2000 over 5 years) are sufficient to
offset virtually all of the extra drug cost among mixed epi-
sode patients. Earlier response to treatment and discharge
from hospital during the acute and early maintenance
phases also generates gains in health-related quality-of-
life (0.0021 QALYs in the first 9 weeks and 0.0166
QALYs over the subsequent 5 years).

Sensitivity analyses

Deterministic sensitivity analyses
Figure 2 presents the results of extensive deterministic sen-
sitivity analyses in the form of a tornado diagram. The
figure illustrates the degree to which the base case ICER

Table 5. Healthcare resources consumed (source: Soares-Weiser et al.32).

Unit cost (£) Stable BD-Ia Manic or mixed episodes Depressive episodes

Management setting Management setting

Inpatient CRTb Inpatient CRT Outpatientc

Management setting balance n/a 80% 20% 10% 20% 70%
Psychiatric consultant

Number of visits by length
45 minutes 180.75 0 1 1 1 1 1
30 minutes 120.50 0 1 1 1 1 1
20 minutes 80.33 1 3 3 3 3 3

SHO visits (20 minutes) 16.40 4 4 4 4 4 5
GP visits

Number of visits by length
20 minutes 58.67 0 2 2 2 2 2
10 minutes 29.33 9 7 7 7 7 8

CPN visit (30 minutes) 54.12 13 13 12 13 12 14
CRT visits 66.41 0 0 15 0 15 0
Days as inpatient 330.65 0 33.8 (manic), 66.0 (mixed) 0 51.9 0 0

aResource consumption for ‘Stable’ represents annual baseline resource consumption for all BD-I patients, per-episode resource consumption is added as required
on top. bCRT, Crisis Resolution Team; coutpatient care¼ ‘enhanced outpatient care’, as described in Soares-Weiser et al.32; SHO, Senior house officer; CPN,
Community Psychiatric Nurse.

Table 6. Adverse event (weight gain and EPS) costs.

Cost per cycle (£)

AE type Service Acute
phase

(3-week)

Maintenance
phase

(4-week)

Sources

Weight gain Dietician 6.40 0.00 42a

GP 10.09 0.00 42b

Total 16.49 0.00

EPS Consultant 80.33 0.00 42c

Medication 11.52 15.36 41d

Total 91.85 15.36

aDietician, billed at £32/hour, is seen for 12 minutes; b20% of patients see a
GP (reflecting the proportion of mixed episode patients being treated in the
community rather than in hospital), for 17.2 minutes regarding their weight
gain; cassume one 20-minute psychiatric consultation per cycle at a rate of
£241/hour to cover EPS; d EPS medication: procyclidine dosed at 30 mg/day,
cost is £2.56 for a 28-pack of 5 mg generic tablets.
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is sensitive to changes across a given range for each
parameter.

An analysis in which the modeled time horizon is varied
suggests that the base case results are sensitive to changes
in the length of time the model runs. Limiting analysis to
the 9-week acute phase, ASE dominates OLA, that is it
generates 0.0021 additional QALYs at a savings of £820.
ASE continues to dominate OLA up until the time horizon
extends to just under 5 years. When the time horizon is
extended out to 10 years, the incremental costs are still
modest relative to the health gains generated, producing
an ICER of £8493 per QALY. This value is still well below
conventional willingness-to-pay thresholds in the UK
(£30,000).

The model results were most sensitive to changes in the
relative efficacy of ASE and OLA as first line treatments
in the acute model phase. In the base case, ASE has a
23% higher probability of obtaining a response than
OLA (Risk Ratio¼ 1.234, 95% CI¼ 0.85–1.79). When

this advantage was reduced to the lower limit of the 95%
confidence interval the ICER for ASE jumped to
£132,951. However, when the risk ratio was increased to
the upper limit of the 95% confidence interval, ASE domi-
nated OLA, generating more QALYs for an overall savings
of £2955. Indeed, threshold analyses indicated that, for any
value of the risk ratio greater than 1.238, ASE dominates
OLA and for any value greater than 1.138, ASE was most
cost-effective at a willingness-to-pay threshold of £30,000
per QALY gained.

Further to this, we tested assumptions under which
adding Li or VPA (during acute phase) altered or elimi-
nated any difference in efficacy between ASE and OLA. In
the base case, ASE in combination with Li or VPA was
21% more effective. When ASE was assumed to be 40%
more effective, it dominated OLA. However, when the
efficacy difference was eliminated and both drugs were
assumed to be equally effective in combination therapy,
the ICER for ASE increased to £57,491.

Figure 2. Results of deterministic sensitivity analyses in a tornado diagram.

Table 7. Base case analysis results (5 years and 9 weeks).

Drug Phase Benefits Costs (£)

Life years QALYs excluding AEs QALYs including AEs Treatment AEs Health states Total

ASE Acute 0.173 0.1271 0.1233 351 38 10,235 10,624
Maintenance 4.6391 3.7809 3.7485 3312 76 18,234 21,622
Total 4.8121 3.908 3.8718 3663 113 28,469 32,246

OLA Acute 0.173 0.1257 0.1211 165 40 11,238 11,443
Maintenance 4.6388 3.7779 3.7319 1184 70 19,524 20,778
Total 4.8119 3.9036 3.8531 1349 110 30,762 32,221

Increment Acute 0 0.0014 0.0021 186 �2 �1003 �820
Maintenance 0.0003 0.003 0.0166 2128 6 �1290 844
Total 0.0003 0.0044 0.0187 2314 4 �2293 24

Note: Values in italics have been rounded, but reflect those used to calculate the base case ICER (£1302 per QALY gained).
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Variation in the assumed longer-term efficacy of ASE
(i.e., its ability to prevent relapse during the maintenance
phase) had an impact on its relative cost-effectiveness.
Threshold analyses indicate that ASE dominates OLA
when its associated risk of relapse is at least 2% lower
and that ASE is more cost-effective up to a £30,000
WTP threshold so long as its risk of relapse is not more
than 29% higher.

Although the ICER varied widely with changes to the
acquisition cost of OLA, the dose of ASE and the health-
care costs associated with managing acute episodes, the
conclusion that ASE is more cost-effective than OLA at
a £30,000 threshold was relatively robust. ASE remained
cost-effective compared to OLA when the assumed cost
per inpatient bed-day was reduced by nearly 25% and
became dominant when the cost was increased by just
2%. When the cost of non-proprietary OLA was replaced
by that of brand-name Zyprexa (Eli Lilly & Co Ltd,
Indianapolis, IN), ASE was dominant, saving the health-
care system £3169 over 5 years. The model was also sensi-
tive to the total proportion of manic/mixed episodes which
require hospitalization. The likelihood that ASE was cost-
effective compared to OLA decreased as more patients
were assumed to be managed by a crisis resolution team
than as inpatients.

Health state utility values had very little impact on the
main result. Under all variations tested in sensitivity ana-
lysis, ASE produced ICERs of under £2000 per QALY
gained compared to OLA.

Probabilistic sensitivity analysis
In the PSA, uncertainty around total and incremental
costs and QALYs was quantified. Asenapine generated
3.869 (95% CI¼ 3.695–4.034) QALYs at a total cost of

£32,283 (28,932–36,069), whilst OLA generated 3.851
(3.676–4.017) QALYs for a total cost of £32,302
(28,640–36,069). Compared to OLA, ASE was dominant,
producing an incremental benefit of 0.018 (�0.222–
0.258) QALYs and costing on average £19 less (£5308
less to £5270 more). Mean incremental differences are
very close to zero and the confidence intervals cross zero
for both costs and QALYs indicating no statistically sig-
nificant difference between the two treatments. However,
results of individual iterations indicated that ASE had a
60.8% and an 64.8% probability of being optimal at will-
ingness-to-pay (WTP) thresholds of £20,000 and £30,000
per QALY, respectively (see Figure 3). Furthermore, at a
£0 per QALY WTP threshold, ASE had a 50.5% probabil-
ity of being optimal, indicating that, in half of all iter-
ations, it was dominant, i.e., both less costly and more
effective. Figure 4 presents a scatter plot on the cost-effect-
iveness plane for all 2000 simulations.

Discussion

Our economic evaluation was designed to model BD-I
patients presenting with a mixed episode, and estimate
the costs and benefits of starting treatment with either
olanzapine or asenapine. Short-term costs and benefits
during the 9-week acute phase were informed by post-
hoc analyses of the ARES trial program. For longer-term
outcomes we used a 5-year Markov model driven by data in
the literature, expert opinion, and further analysis. Health
benefits were estimated as QALYs and costs measured from
a UK NHS and Personal Social Services perspective.

Previous economic analyses in the BD-I population
have either combined manic and mixed episode patients

Figure 3. Cost-effectiveness acceptability curve for treatment with ASE vs OLA.
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as one group (consistent with the FDA label for most
AAPs), or they have excluded mixed episodes to focus
solely on patients with manic or depressive episodes
(more in line with the EU labels for AAPs). This is
the first economic evaluation specifically considering
the management of BD-I patients who present with
mixed episodes, a group now more clearly defined in the
new DSM-57. This is also the first economic model that
has attempted to disaggregate the costs and health effects
of mixed and manic episodes in BD-I, during initial acute
management and during relapse prevention/maintenance.
This distinction between BD-I patients is especially
important given that studies have shown that patients
with predominantly mixed episodes experience episodes
with greater frequency, longer duration, and greater
functional severity, and have higher rates of suicide and
co-morbid conditions. As a consequence, mixed episodes
tend to be more complex and costly to manage than the
more commonly-occurring manic or depressive episodes.

The 5-year and 9-month deterministic model base case
found ASE to be associated with marginally more QALYs
and very similar total healthcare costs compared with
OLA. Total costs were so similar that the probabilistic
sensitivity analysis found that, on average, ASE was
cost-saving compared to OLA and dominant in �51% of
iterations. The higher drug acquisition cost of ASE was
roughly offset by the healthcare cost savings conferred
through its potentially greater efficacy in treating BD-I
mixed episode patients. In fact, considering the small qual-
ity-of-life gains modeled (less than 2% of one QALY over 5
years), this model is primarily a demonstration of how
achieving a quicker response on ASE is cost neutral or
could potentially lead to healthcare cost savings compared
to using OLA. Indeed, the base case results, for which
the cost of generic OLA was used, were very sensitive to
variation in the unit cost of drugs, with ASE expected

to generate more than £3000 in savings when compared
to proprietary OLA.

Clinically, the model was most sensitive to short-term
efficacy of the initial treatment with ASE or OLA during
the acute phase. ASE was dominant as long as its response
rate in the acute phase was at least 23.8% better than that
of OLA, and cost-effective up to a £30,000 per QALY WTP
threshold providing it was at least 13.8% better. In
longer term use, sensitivity analyses indicate that ASE is
dominant when the risk of relapse is at least 2% lower than
OLA and remains cost-effective at £30,000 per QALY
when the risk of relapse is up to 29% higher. The results
were sensitive to the modeled time horizon, with
ASE expected to be dominant over time horizons up to
5 years and then cost-effective out to 10 years.

Although not all patients experiencing an acute manic
or mixed episode are admitted to hospital32, those who
are typically have lengthy inpatient stays. Relevant
publications have emphasized both the high cost and
the high clinical necessity of prolonged inpatient care in
hospitalized BD-I patients45. Our model assumptions
around the average duration of hospitalization are in line
with previous economic evaluations in bipolar dis-
order15,20–26,32,46,47. The cost per bed-day had some
effect on the model, but a more significant driver of cost
was the expected proportion of patients whose episode
would cause them to be admitted to hospital instead of
managed by a CRT. Our assumed case mix of hospitaliza-
tion to CRT management was 80%/20% in the base case.
A threshold analysis suggests that ASE ceases to be cost-
effective only once fewer than 60% of patients are mana-
ged as inpatients. Given the severity and complexity of
treating patients experiencing mixed episodes, the major-
ity are likely to be managed within a hospital setting.

Probabilistic sensitivity analysis results were encoura-
ging because, although they reflect the statistical

Figure 4. PSA scatterplot on cost-effectiveness plane for asenapine vs olanzapine.
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uncertainty inherent in the post-hoc analysis of the ARES
data, they also demonstrate that ASE has a high probabil-
ity of being the optimal therapy option in BD-I mixed
patients. In up to 65% of model iterations ASE was
expected to be either dominant or cost-effective at estab-
lished willingness to pay thresholds.

Several limitations are worthy of consideration—the
foremost of which relates to the absence of a contiguous
set of data to model outcomes and costs for mixed episode
BD-I patients. We made extensive use of post-hoc analyses
of the ARES trial data to identify, wherever possible,
statistics specifically relevant to the sub-population
of BD-I patients who had entered treatment with a
mixed episode. Whilst important basic values, such as
efficacy and safety of OLA and ASE, were available
from these post-hoc analyses, evidence for other important
parameters—short-term efficacy of adjunctive therapies,
longer-term efficacy of AAPs in relapse prevention and
healthcare resource use—was not available for a distinct
sub-group of patients with mixed episodes. As other
authors have already highlighted14, the revision of
the DSM-5 to capture sub-threshold non-overlapping
symptoms of the opposite pole using a ‘mixed features’
specifier will have a substantial effect across several
fields, including epidemiology, diagnosis, treatment, and
research. Future clinical trials that prospectively evaluate
the comparative efficacy of treatments according to the
presence or absence of mixed features will help to fill in
these important gaps in the model’s data set.

In the absence of such sub-group evidence at present,
assumptions were made, based on data in which mixed and
manic episodes were conflated, and then tested in sensitiv-
ity analysis. Given what we know about the additional
burden of mixed episodes, for example in terms of hospi-
talization11,12, this may have led us to report more conser-
vative results. Consequently the model results provide a
valuable insight into the kinds of savings and potential
health benefits that might be possible if the trends
observed in post-hoc analysis18 hold in clinical practice.

Conclusion

Asenapine represents a highly cost-effective alternative to
olanzapine in the management of mixed episode BD-I
patients in the UK setting, and may have specific advan-
tages in this population which could lead to substantial
healthcare sector savings and better clinical outcomes.
Future research in this area could focus on designing an
adequately-powered study investigating the real-life effi-
cacy of asenapine vs standard AAPs in mixed episode
patients as well as measuring levels of healthcare resource
consumption in both acute management settings and
longer term maintenance.
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