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ABSTRACT

OBJECTIVE: To present an economic model and cost-effectiveness estimates for
lamotrigine in maintenance treatment of bipolar | disorder (BD-I) using outcomes
from the pivotal lamotrigine trials. The main comparator treatments in the pivotal
trials were lithium and “no maintenance” (acute-only) treatment. A comparison
with olanzapine was included as an indirect analysis following publication of data
during the course of our research.

METHODS: A Markov model was built around the 3 health states of euthymia,
mania, and depression. The base-case model simulates a cohort of 1,000
patients with BD-1 who have recently stabilized after resolution of a bipolar
mania episode. The cohort was modeled for a period of 18 months. Resource-use
estimates were derived from best available published data, treatment guidelines,
a physician survey, and published unit cost data. Outputs were measured in
terms of costs per acute mood episode avoided, costs per euthymic day gained,
and costs per quality-adjusted life-years (QALYs). Direct health care payer costs
are used in the analyses.

RESULTS: The base-case model for patients with a recent manic episode indicated
that lamotrigine is the most effective treatment for avoiding both acute depression
episodes and all types of acute episodes (depression and mania). It is also the
most effective treatment in terms of number of euthymic days achieved (309
days per patient per year). Olanzapine is most effective for avoiding acute mania
episodes. Total direct costs of treatment are lowest for the lithium treatment arm
($8,710 per patient for the 18-month period). All maintenance therapies were
cost effective compared with the no-maintenance (acute-only treatment) arm.

In the base case, lamotrigine had incremental cost-effectiveness ratios of $30
per euthymic day and $2,400 per acute episode avoided compared with lithium.
A QALY analysis indicated that lamotrigine is cost effective in patients with a
recent manic episode at $26,000 per QALY. The base-case model indicated that
lamotrigine dominates olanzapine, (that is, lamotrigine costs less and is more
effective than olanzapine) in patients with a recent manic episode. In a sensitivity
analysis using outcomes from the pivotal trial of recently depressed patients,
lamotrigine, in comparison with lithium, was not shown to be as cost effective as
in the recently manic patients, but it was still cost effective compared with no
maintenance treatment.

CONCLUSIONS: For a defined cohort of patients with BD-I, the pharmacoeconomic
model indicated that prevention of mood episodes with lithium and lamotrigine
is cost effective in patients with a recent manic, mixed, or hypomanic episode.
The conclusions with respect to the indirect comparison with olanzapine should
be validated if and when direct trial data become available. Cost-effectiveness
of maintenance treatments for patients with BD-I (recently depressed as well as
recently manic) are likely to improve in models with a broader costing perspective
and that take a longer time frame. Further research into the outcome implications
of health-related quality of life and other BD subgroups are recommended.
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ipolar disorder (BD) is a psychiatric disorder characterized
by recurrent mood episodes. In the most common
manifestation of the disease, bipolar I disorder (BD-I),
the patient’s mood alters between periods of euphoria, restless-
ness, poor judgment, and risk-taking behavior (manic
episodes); periods of depression, anxiety, and hopelessness
(depressive episodes); and periods of euthymia (normal mood).

Management of BD usually involves a combination of drug
treatment, psychotherapy, and social support. For patients
experiencing an acute mood event, the goal of treatment is to
normalize the patients mood and help the patient resume
normal functioning, while minimizing risk to the patient. The
goal of medication therapy of patients in the euthymic state is
to maintain euthymia for as long as possible and to reduce the
patient’s risk of experiencing another acute mood episode.
In maintenance treatment, lithium has been generally accepted
as a first-line therapy;' although the evidence base for its effective-
ness has until recently been incomplete. There is increasing
evidence that newer agents, in particular anticonvulsants and
atypical antipsychotics, have a potentially important role to play
in the management of BD.**

The U.S. prevalence of BD has been estimated at 2%, affecting
both men and women equally’ Relatively new epidemiologic
data expand the concept of BD to include subthreshold expressions
of mania, hypomania, brief hypomania, and cyclothymia. These
studies suggest a higher prevalence of up to 5% of BD.*!® The
burden of illness for BD in the United States has been estimated
at $45 billion," with a more recent estimate of $24 billion for
the lifetime costs for bipolar patients.'

Given the considerable resource burden of BD, it was
surprising that, at the time our work started, there was no
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Schematic Representation of the Quarterly Model Structure

Bowden" Calabrese' Tohen"'®
Randomized Yes Yes Yes
Blinded Double-blinded Double-blinded Double-blinded
Placebo-controlled Yes Yes Yes

Patient inclusion criteria Bipolar I patients aged =18 years.

Had a diagnosis of bipolar I disorder,
most recent episode manic or hypo-
manic as determined by DSM-1V, or
had a manic/hypomanic episode either
currently or within 60 days prior to
screening, and had at least 1 manic/
hypomanic episode and 1 depression
episode within the previous 3 years

Bipolar I patients aged =18 years

Had a diagnosis of bipolar I disorder,
most recent episode depressed, as
defined by DSM-1V criteria, either
currently or within 60 days prior to

Bipolar I patients aged =18 years

Index manic or mixed as determined
by DSM-1V and a Young mania rating
Score =20 and at least 2 manic or
mixed episodes in previous 6 years

the screening visit, and had at least
1 manic or hypomanic episode and
1 depression episode within the
previous 3 years

Primary outcome measure Time to intervention (addition of
pharmacotherapy or ECT) for any

mood episode

Time to symptomatic relapse to, or
hospitalization for, any mood episode

Time to intervention (addition of
pharmacotherapy or ECT) for any
mood episode

Study follow-up Up to 18 months

Up to 18 months Up to 48 weeks

DSM-IV=Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition;

ECT=electro-convulsive therapy.

evidence regarding the cost-effectiveness of bipolar maintenance
treatments. This article reports the results of a modeling exercise
designed primarily to derive estimates of the cost-effectiveness of
lamotrigine and lithium. The research was commissioned by
the manufacturers of lamotrigine, who wanted to explore the
cost-effectiveness of their product using outcomes results of
their pivotal trials."!*

These double-blind, placebo-controlled trials were conducted
to meet the requirements of the U.S. Food and Drug
Administration for approval of lamotrigine (Lamictal) as
maintenance treatment in BD-1. The studies were conducted to
assess the efficacy and tolerability of lamotrigine and lithium
compared with placebo for the prevention of relapse or
recurrence of mood episodes in recently (within 60 days of
screening) manic or hypomanic patients (Bowden et al.”®), and
in currently or recently depressed (Calabrese et al.') patients,
respectively. The primary outcome measure was time from
randomization to intervention (addition of pharmacotherapy or
electroconvulsive therapy) for any current or emerging mood
episode (depressive, manic, hypomanic, or mixed).

Although the original objective of this research was to assess
the cost-effectiveness of lamotrigine pivotal trial drugs alone,
new data regarding the effectiveness of olanzapine became
available during the course of our research.” This research has
recently been published." The olanzapine study used similar
patients and outcome measures to the Bowden trial (bipolar
patients with a recent manic episode). A summary of the trial
designs, patient inclusion criteria, and primary outcome
measures used in the 3 trials are summarized in Table 1. In light
of this development, we refocused the economic appraisal on to

Schematic Representation
of the Quarterly Model Structure

Euthymic on '
First-Line

Depressed
Treatment
A4
Euthymic, No
Depressed Maintenance
Treatment

the recently manic subpopulation from Bowden’s trial, which is
appended with an analysis using an indirect comparison with
olanzapine. In a sensitivity analysis, we investigated the effects
of substituting the outcomes data from Bowdens trial of recently
manic bipolar patients with those from Calabrese’s trial of
recently depressed patients.

Il Methods

The 3 treatment options originally included in our model were
those from the pivotal trials for lamotrigine, namely
1. lamotrigine monotherapy,
2. lithium monotherapy, and
3. acute treatment only (placebo) therapy.

As discussed above, a supplementary economic evaluation
of olanzapine monotherapy (using an average dose of 12.5 mg
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WIS Quarterly Transitional Probability Estimates

Quarterly Transitional Probability No Maintenance Treatment Lithium Lamotrigine Olanzapine
P (manic in a given quarter) 0.592 0.111 0.215 0.116
P (depressed in a given quarter) 0.408 0.143 0.071 0.168
P (remain euthymic) 0 0.561 0.655 0.617
P (adverse event or withdrew consent) - 0.185 0.059 0.099

Sources: Bowden et al.”’ and Tohen et al."”*°

LELY=1R K<Y Resource Use Assumptions and Sources

Unit
Resource Variable Resource/Cost Source
Maintenance treatment
Lamotrigine 200 mg daily $3.51 Red Book 2004
Lithium 900 mg daily $0.53 Red Book 2004
Olanzapine 12.5 mg daily $12.47 Red Book 2004
4 lithium tests per annum $49.92 Medicare C LAB*
Physician time per hour $170.63 Medicare

RBRVS 2004+

Average physician monitoring time

per month 11.25 minutes | Physician survey

Costs of acute bipolar mania

Average duration of bipolar manic

episode 30 days Physician survey
Antimanic drugs

( 750 mg valproate daily ) $3.27 Red Book 2004
% of manic patients hospitalized 44% Physician survey
Average days hospitalized (mania) 11.3 days 2002 H-CUP#
Average cost per inpatient bed day $934 2002 H-CUP

Average physician monitoring time

per month 72.5 minutes | Physician survey

Costs of acute bipolar depression

Average duration of bipolar depressive

episode 75 days Physician survey
Anti depression drugs

(30 mg paroxetine daily) $2.90 Red Book 2004
% of depressive patients hospitalized 18% Physician survey
Average days hospitalized (depression) 8.3 days 2002 H-CUP
Average cost per inpatient bed day $628 2002 H-CUP

Average physician monitoring time

per month 28.8 minutes

Physician survey

* CMS file CLAB2004. (Available at: http://www.cms.hhs.gov/providers/
pufdownload/default.asp#labfee. Accessed August 21, 2004.)

T CMS file PPRRVUO04.xls. (Available at: http://www.cms.hhs.gov/providers/
pufdownload/default.asp. Accessed August 21, 2004.)

¥ Healthcare Cost and Utilization Project. AHRQ. (Available at:
http://hcup.ahrq.gov/HCUPnet.asp. Accessed August 21, 2004.)

RBRVS=Resource-Based Relative Value System.

per day, derived from using outcome data from results presented
by Tohen'*), was added during the course of our research.

Model Structure

A schematic representation of the model structure is given in
Figure 1. Patients enter the model once their illness has been
stabilized and they are initially assigned to the euthymic health
state.

In subsequent time periods, the model assumes that patients
either remain euthymic or transition either to acute depression
or mania health states. Patients entering the acute health states
remain in that state for a period of time determined by the average
length of the acute episode.

Unlike the pivotal trials, where patients were usually with-
drawn once they had experienced an acute bipolar episode, our
model retains the patient in the health care system as per the
real world. One modeling simplification that we made was to
assume that patients experiencing an acute bipolar episode
transition back to the euthymic state before they experience a
second or subsequent acute episode. The trial data indicated
that some patients autonomously discontinue maintenance
treatment. Discontinuation is facilitated in the model structure
by allowing patients to switch from the maintenance treatment
arm into a “no-maintenance” (placebo) arm.

Markov models are frequently used to evaluate clinical
scenarios where patients can transition between defined health
states during any of the defined transition periods. The Markov
structure makes the assumption that the transition probabilities
remain constant for each of the transition periods. We thus
adopted a Markov model structure with a time span of 18
months, determined by the length of the lamotrigine trials, but
divided into 6 quarterly transition periods.

Populating the Model

We populated the base-case model with a theoretical cohort of
1,000 patients deemed to have stabilized following a
mixed/manic BD-I episode. That is, our base-case patients are
similar to the patients included in the Bowden trial.**

Transitional Probabilities
The trials recorded the time to intervention for the first event
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(manic, hypomanic, mixed, or depressive episode) and the
number of patients completing the 18 months free of intervention
for an actual or emerging mood episode (completers). These
event probabilities were used to derive the quarterly transitional
probabilities used in the model. The placebo outcomes were
used as a proxy for the no-maintenance treatment group in our
model. Data from patients who withdrew from the study due to
an adverse event or consent withdrawal were used to represent
patients who stop maintenance therapy and transition to the
no-maintenance therapy state.

In line with Markov modeling principles, the transitional
probabilities were assumed to be equal over the 6 quarterly time
periods of the model. For example, for a given treatment
option, if X% of patients completed after 18 months, then the
quarterly probability of being event free in a given quarter was
estimated as X(1/6) The residual probability was then assigned
across the other events in proportion to the size of the
18-month event risks.

We derived transitional probabilities for olanzapine using
Tohen'’s” reported outcomes and anchoring to Bowden out-
comes using the placebo results from these 2 trials. In brief, we
estimated the risks ratios of modeled events for patients receiving
olanzapine compared with the placebo group. In an attempt to
allow for differences in patient populations in the 2 trials, these
risk ratios were then multiplied by the absolute placebo rates
from Bowden. Because the placebo rate for completers was zero
in Bowden, we arbitrarily assumed that there was 1completer to
enable us to estimate a completer rate for olanzapine. The
resulting risk probabilities for olanzapine were then converted
to constant Markov quarterly transitional probabilities in the
same way as for lithium and lamotrigine. The resulting modeled
transitional probabilities are given in Table 2.

Resource-Use Estimates

The model takes a direct-payer costing perspective (year 2004
US$). Modeled resource-use items include drug costs for main-
tenance treatment, drug and hospitalization costs for the
treatment of acute manic and depressive episodes, and costs of
associated contacts with health care professionals for monitoring
and pathology tests. In brief, patients experiencing an acute
episode were assumed to remain on maintenance treatment in
addition to any newly added acute treatments (valproate for
mania and paroxetine for depression). A proportion of these
patients are assumed to require inpatient care.

All the resource-use assumptions, unit costs, and data
sources are presented in Table 3. Unit costs were obtained from
common sources such as drug prices from the Red Book.
The length of acute episodes, the proportion of patients hospi-
talized, and physician monitoring time were estimated using
responses from a physician survey. The objective of the survey
was to assess BD knowledge, attitudes, and practice patterns of
psychiatrists and primary care providers from a large, vertically

Baseline Direct Costs and Outcomes
for 18-Month Period of Model

Lamotrigine |  Lithium Placebo | Olanzapine
Mania episodes 1418 1,313 2,644 1,030
(PPPY) 0.95) (0.88) (1.76) 0.69)
Depression episodes 598 1,140 1,822 1,080
(PPPY) 0.4) 0.76) (1.21) 0.72)
Total acute episodes 2,016 2,453 4,466 2,110
(PPPY) 1349 1.64) (2.98) (1.41)
Direct total costs $9,755,052 | $8,709,608 | $16,083,654 | $11,092,542
(PPPY) ($6,503) ($5,806) ($10,722) ($7,395)
Days in euthymic state 463,789 429313 339,986 441,485
(PPPY ) (309) (286) @27 (2949
Days in manic state 42,549 39,386 79,320 30,900
(PPPY) (29 (26) (53) @D
Days in depression state 41,162 78,801 128,193 75,115
(PPPY) 7 (53) (85) (50)
QALYs 1,143 1,103 1,038 1,109
(PPPY ) (0.762) (0.735) (0.692) (0.739)

PPPY=per patient per year; QALY = quality-adjusted life-year:

integrated health system in the Midwest. In order to fill in some
of the data gaps for populating our model, we appended
some targeted questions to the psychiatrist survey. Other results
from the original survey are to be published shortly."” All of
these resource-use assumptions are tested in sensitivity analyses.

Health-State Utilities

Health-state utility values were estimated using a standard
algorithm,” and the 36-item short form (SF-36) values were
collated as part of the lamotrigine pivotal trials and supple-
mented with values from published literature.” Consequently,
our analysis assumed utility values of 0.8, 0.7, and 0.4 for
euthymic, manic, and depressive mood states, respectively. Key
outcomes estimated by the model for each treatment arm
included the number of acute episodes, the number of
euthymic days, direct health care costs, and QALYs.

Il Results

Table 4 presents the results of modeling the 3 baseline treatment
options and olanzapine monotherapy using effectiveness data
from pivotal trials including patients with a recent episode of
mania or hypomania. Over the 18-month period analyzed, and
for the 1,000 patient cohort, the model indicated that treatment
with lithium monotherapy was the least-costly treatment option
in terms of total direct costs. The no-maintenance treatment
option was the highest direct-cost option, due to more hospi-
talizations. In common with previously published burden of
disease analyses,”* our model indicated that the majority of BD
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direct costs are hospitalization costs. For patients with recent
manic episodes, the model indicated that lamotrigine may save
hospital resources compared with lithium, through reduced
admissions for depressive episodes.

Lamotrigine monotherapy resulted in the fewest depressive
episodes, achieved the most euthymic days, and gained the
most QALYs of all 4 treatment options. Olanzapine avoided the
most acute manic episodes in the model. All of the active treat-
ment regimes dominated the no-maintenance treatment option
for all 3 measures of effectiveness (Figure 2). That is, mainte-
nance treatments were less costly and more effective.

Lamotrigine also dominated olanzapine for all 3 measures of
effectiveness using this model. The incremental cost-effectiveness
of lamotrigine compared with lithium was $2,400 per episode
avoided, $30 per euthymic day gained, and $26,000 per QALY.
Compared with lithium, we estimated olanzapine incremental
cost-effectiveness ratios (ICERs) of $200 per euthymic day
gained, $7,000 per acute episode avoided, and $374,500 per
QALY.

Sensitivity Analysis

In order to test the sensitivity of our model outputs to the input
assumptions, we undertook a comprehensive set of sensitivity
analyses, including 1- and 2-way sensitivity analyses, threshold,
and scenario analyses.

Table 5 presents the proportional change in euthymic day
and cost outcome variables for lamotrigine as well as the
incremental cost per euthymic day (lamotrigine compared with
lithium), which results from having changed lamotrigine input
variables by 10%.

The model outputs were most responsive to the transitional
risk probabilities. A 10% increase in the lamotrigine mania
quarterly transitional probability produced a 66% increase
($30.30 to $50.00) in the value of the euthymic day ICER.
Although changing the price of lamotrigine itself had a relatively
small impact on direct cost outcomes, it had a proportionate
effect on the ICER. Other variables that had a greater relative
influence on direct costs (e.g., inpatient costs for mania) had a
relatively small effect on the ICER because lithium patients
experiencing mania also incurred these increased costs.

One-way sensitivity analyses to assess the sensitivity of the
lithium-lamotrigine QALY ICER to a 10% change (increase) in
the 3 health-state utility values, were also undertaken. The
results showed a relatively sensitive (16%) improvement in the
ICER from changing the euthymic utility in contrast to a
relatively insensitive (1.5%) improvement resulting from changing
the mania utility. There was a proportionate change in the ICER
resulting from the 10% change in the depression utility.

A threshold analysis that sought out a dominant solution for
lamotrigine over lithium required large changes in input
assumptions. For some variables, including those associated
with the use of a mania-related hospitalization resource, a
dominant solution was not possible. The most responsive
variable was the mania risk transitional probability for
lamotrigine. Lamotrigine dominated lithium if the value of the
mania risk transitional probability changed to a value of 0.172
from the base-case value of 0.215.

Our base-case model used effectiveness data from the
Bowden trial (bipolar patients with a recent bipolar mania
episode).”” We undertook a sensitivity analysis in which we
replaced the effectiveness data with that from the Calabrese trial
(bipolar patients with a recent depressive episode).'t
Olanzapine was excluded from this subanalysis because there
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was no direct or indirect data available with which to make an
appropriate comparison.

Over the 18-month period modeled in this sensitivity analysis,
treatment with lithium monotherapy was the least-costly
treatment option, at $2.7 million per annum, followed by the
no-maintenance treatment option ($3.8 million), and lamotrigine
monotherapy ($4.4 million). Lamotrigine monotherapy resulted in
the fewest depressive episodes (732) compared with 803 and
1,087 for lithium and no-maintenance treatment, respectively.
The modeled number of manic episodes was 174 for lithium,
288 for lamotrigine, and 364 for no-maintenance treatment.
Lamotrigine monotherapy achieved the most QALYs (1,142)
compared with 1,137 and 1,113 for lithium and no-mainte-
nance treatment, respectively.

Thus, Lamotrigine saves 0.24 depression episodes per
patient per year (33% reduction) compared with no-mainte-
nance treatment, and 0.05 (9%) episodes per patient compared
with lithium. Lamotrigine gains 18 (6%) euthymic days per
patient per year compared with no-maintenance treatment and
1.04 (0.32%) days compared with lithium. Lamotrigine is still
cost effective versus the no-maintenance treatment option with
ICERs of $20 per euthymic day, $1,300 per acute episode
avoided, and $19,400 per QALY. Compared with lithium, the
incremental cost-effectiveness in term of cost per euthymic day
gained is $1,043. Because lamotrigine is modeled only to gain
5 additional QALYs compared with lithium over the 18-month
period modeled, the incremental cost per QALY is $360,000.
Likely explanations for this less-optimistic cost-effectiveness
result for lamotrigine in the depression subpopulation analysis
are included in the discussion below.

Il Discussion

A model, by definition, is a simplification of the real world.
By describing BD-I as 3 discrete and mutually exclusive states
(euthymia, mania, and depression), our model deliberately
simplifies what is a complex disease process. We did this in the
foreknowledge that limited data were available to populate the
model and in order to maintain transparency. Interviewed clini-
cians broadly endorsed this simplified view as having relevance
in the description of some patients with BD. Analysis of U.K.
prescription data as part of a European modeling project found
a large number of prescriptions consistent with this simplified
structure: long periods of mood stabilizer use with short dura-
tion for antipsychotic and antidepressive drugs. The model has
been reviewed and validated by clinicians and by 2 senior
academic health economic modelers. We have undertaken both
internal and external validation of our model.

Our base-case model assumptions used transitional probabilities
generated from pivotal trial data in patients with a recent bipolar
manic episode. The modeled ICERs for lamotrigine compared
with lithium were estimated at $30 per euthymic day gained
and $2,400 per acute episode avoided. In a recent National

Sensitivity Analyses: 1-Way and 2-Way*

Incremental
% Change in| Cost per
% Change in| Euthymic Euthymic
Sensitivity Variable Direct Costs Days Day ($)T
Baseline 30.30
Daily cost of lamotrigine +1.4 34
P (depressed in any quarter)¥ +0.11 -0.44 33
Average days of depressive episode +0.2 -0.76 27
Antidepressant costs +0.12 30
% depression hospitalized +0.57 29
Inpatient LOS, depression +0.57 29
Inpatient daily cost, depression +0.57 29
P (manic in any quarter)§ +5.36 -0.68 50
Average days of manic episode +0.44 -0.92 31
Antimanic drug costs +0.14 30
% mania hospitalized +6.75 32
Inpatient LOS, mania +6.75 32
Inpatient paid cost, mania +6.75 32

* Input variable changed by 10%.

 Incremental cost per euthymic day for lamotrigine relative to lithium.

# To compensate for the increased likelihood of patients becoming depressed,
a compensatory reduction in the probability of remaining euthymic was
assumed.

§ To compensate for the increased likelihood of patients becoming manic, a
compensatory reduction in the probability of remaining euthymic was
assumed.

LOS=length of stay.

Institute for Health and Clinical Excellence (NICE) appraisal in
the United Kingdom, an ICER for valproate compared with
olanzapine was estimated at between £300 and £500 (approxi-
mately $500-$900) per remission day gained. Likewise, a
base-case analysis for olanzapine compared with haloperidol
estimated an ICER of £7,200 (approximately $12,500) per
treatment responder. Although not directly comparable, our
lamotrigine cost-effectiveness estimates look relatively favorable
in comparison. On the basis of the above U.K. results, NICE
gave positive guidance by recommending that both olanzapine
and valproate be prescribed to NHS patients.”’

The assertion that lamotrigine is cost effective in patients
with a recent bipolar manic episode, as inferred by our model,
is also supported by the QALY analysis. In the United Kingdom,
willingness-to-pay thresholds of £20,000 to £30,000 per QALY
are used by NICE and the Scottish Medicines Consortium
(SMC).** Our modeled estimate of $26,000 per QALY for
lamotrigine compared with lithium is a value therefore likely to
be acceptable to U.S. payers.

While our model indicates that olanzapine is cost effective
compared with no-maintenance treatment and lithium in
patients with a recent manic episode, it also indicates that
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lamotrigine costs less and is more effective than olanzapine.

These findings are the result of an indirect comparison using

outcomes from the Bowden® and the Tohen®' trials. In the

absence of head-to-head trial data, it is legitimate practice in
economic evaluations to use modeling techniques to make
indirect comparisons (as frequently demonstrated by NICE and
the SMC in the United Kingdom). However, the validity of our
findings is dependent on the validity of our indirect compari-
son. We believe that the similarity of the Bowden and the Tohen

study designs, and their patient inclusion criteria (Table 1),

support our decision to add olanzapine to our-base case analysis.

Sensitivity analyses indicated that key results were insensitive to
variables that can be described as having a right-skewed distri-
bution, including length of acute episode and length of hospital
stay. The modeled ICERs were, however, sensitive to input
variables that independently affect outcomes for individual
treatment options such as the cost of maintenance treatments.
The ICERs were most sensitive to inputs that increased the
numerator (incremental costs) and simultaneously decreased
the denominator (incremental effectiveness), or vice versa.
As such, the ICERs were relatively sensitive to changes in tran-
sitional probability values.

With this in mind, it should be noted that the Markov
transitional probabilities for lamotrigine, lithium, and the
no-maintenance treatment arms were estimated using
the 18-month event rates in the 2 lamotrigine pivotal trials.
The event rates were assumed to decline exponentially from
time zero to 18 months. In fact, the Kaplan-Meier curves
indicate that avoidance of events was relatively good up to 12
months but declined between 12 and 18 months. As such, our
exponential decline assumption may underestimate the
12-month survival rates for lithium and lamotrigine, and
particulary so for the no-maintenance treatment arm in the
base-case model, since no placebo patients in the Bowden trial
survived to 18 months. Furthermore, the olanzapine trial only
had a 12-month follow-up period, so the transitional probabilities
for olanzapine were estimated from the 12-month “survival”
data reported by Tohen et al. It may be that our analysis is there-
fore biased against lamotrigine and lithium.

Replacing the effectiveness data from the Bowden trial
(recently manic patients) with that from the Calabrese trial
(recently depressed patients)'* produced less-optimistic economic
messages for lamotrigine. This may seem counterintuitive, given
lamotrigine’s efficacy against bipolar depression, but it can be
explained by the following:

e patients with a recent manic episode have a greater tendency
to relapse to the manic pole, while patients recently
depressed tend to relapse to the depressive pole?*;

* the pivotal trial data also indicate that patients in the recently
manic trial experienced more acute episodes than patients in
the recently depressed trial;

 the average cost of a manic episode is greater than that of a
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depressive episode primarily because a greater proportion of

patients are hospitalized during a manic episode; and
e manic episodes are, on average, shorter than depression

episodes.

The combined effect of the above in our 18-month model is
that there is reduced opportunity for avoidance of acute events
in patients with a recent depression episode, with poorer health
and cost consequences for this patient subgroup compared with
that available to patients with recent mania as presented in the
base-case model.

In order to undertake a QALY analysis, we needed to make
assumptions about the health utility values for patients experi-
encing euthymic, depression, and mania health states. Because
of the potential difficulties of eliciting utility values for patients
experiencing mania,” further research in this area of health-
state valuation would be helpful to inform future cost-utility
(QALY) analysis.*®

Limitations

The limitations of our study are determined largely by the
simplifying assumptions that were made in constructing and
populating the model. The validity of model results is restricted
to the subgroup of patients with BD included in the pivotal
clinical trials. The results should not be interpreted as being
relevant to patients excluded from the trials, for example, rapid
cyclers.

We believe the indirect comparison with olanzapine is a
valid one both methodologically and because of the similarities
between the Bowden and the Tohen trials. Having said this, we
acknowledge that the ideal would be a well-designed randomized
head-to-head trial of competing maintenance treatments. The
outcomes of such a trial could then be used to derive transi-
tional probabilities, which could be fed into our model in order
to test the robustness of our current findings. Until such time,
we argue that our model outcomes can be supported as
currently best available evidence.

The 18-month time frame of our model was driven by the
18-month time frame of the pivotal clinical trials. However, BD
is a chronic disease with a relatively young age of onset. We
alluded to the fact that a longer time frame model may be
necessary in order to demonstrate the economic advantages of
maintenance treatments in patients with a recent bipolar
depression episode. Also, the current model does not consider
the disutility and costs of long-term adverse medication events.
The well-tolerated side-effect profile of maintenance treatments,
such as lamotrigine, may well mean that inclusion of such
events in a longer time frame model will favor some mainte-
nance treatments in comparison to lithium.

As discussed above, our model takes a direct-payer costing
perspective. Broadening the costing perspective to include
patient and caregiver costs, indirect costs to the economy
through time lost from work, and the cost implications for the
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criminal justice system and substance abuse services is likely
further to improve the pharmacoeconomics of maintenance
therapies that avoid acute episodes of bipolar depression and
mania.

Il Conclusions

ICERs are an appropriate outcome variable for efficiency
decision making in health economic evaluation.”* To date, few
economic studies in BD have presented ICERs.***'* In light of
this, we constructed an economic model that generated ICERs
for lamotrigine, lithium, and no-maintenance treatment using
pivotal trial data, and have made an indirect comparison with
olanzapine. Our model indicates that lithium and lamotrigine
are cost effective in patients with a recent episode of mania.

We have presented the assumptions that were used to structure
and populate our model and have indicated where the outputs
are sensitive to such assumptions. We also highlighted potential
limitations of our approach and acknowledge their significance.
Despite the limitations, we feel this study has resulted in useful
and informative economic data in an under-researched area.

We believe that our economic model of maintenance
treatments for BD-I provides a good baseline on which future
models can be developed. We recommend that future models
should consider inclusion of a longer time perspective and a
broader costing perspective. We believe that such models are
likely to provide even more optimistic cost-effectiveness out-
puts for maintenance treatments in BD.
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