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Study Objective: To assess the cost-effectiveness of treatment with
eszopiclone for chronic primary insomnia in adults.

Methods: A model using patient-level data from a 6-month, double-
blind, placebo-controlled, clinical trial (n = 824), combined with data
from a claims database and published literature, was used to assess
the quality-adjusted life years (QALYs) gained and costs associated
with eszopiclone versus placebo in adults with primary insomnia. Qual-
ity of life data were collected during the trial via the SF-36, from which
preference-based utility scores were derived using published algo-
rithms. Medical and absenteeism costs, estimated via a retrospective
analysis of a claims and absenteeism database, were assigned to pa-
tients based on the degree of severity of their insomnia, assessed via
the Insomnia Severity Index collected in the clinical trial. Presenteeism
costs (lost productivity while at work) were estimated from responses to
the Work Limitation Questionnaire collected during the trial. Six-month
gains in QALYs and costs for each treatment group were calculated to
derive cost-effectiveness ratios. Uncertainty was addressed via univari-
ate and multivariate sensitivity analyses.

Results: Over the 6-month period, eszopiclone use resulted in a net
gain of 0.0137 QALYs over placebo at an additional cost of $67, re-
sulting in an incremental cost per QALY gained of slightly less than
$5,000. When absenteeism and presenteeism costs were excluded,
the cost-effectiveness ratio increased to approximately $33,000 per
QALY gained, which is below the commonly used threshold of $50,000
used to define cost-effectiveness. Extensive sensitivity analyses indi-
cate the results are generally robust.

Conclusion: Our model, based on efficacy data from a clinical trial,
demonstrated eszopiclone was cost-effective for the treatment of pri-
mary insomnia in adults, especially when lost productivity costs were
included.
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INSOMNIA IS ASSOCIATED WITH REDUCTIONS IN PRO-
DUCTIVITY, PHYSICAL AND SOCIAL FUNCTIONING,
AND HEALTH-RELATED QUALITY OF LIFE (HRQoL),
as well as increased health care costs and risk of occupational
and vehicular accidents.'”® Direct medical costs of insomnia in
the United States have been estimated to be as high as $13.9
billion annually (in 1995), and indirect costs are estimated to
range from $77 to $92 billion annually (in 1990).° In the com-
ing decade, health care spending is projected to increase from
16% of the gross domestic product (GDP) in 2006 to 19.5% of
GDP by 2017.!° For the same period, prescription drug spend-
ing growth is projected to accelerate as well.

In this context, it has been argued that drug coverage deci-
sions should be made on both clinical evidence and cost-effec-
tiveness criteria (i.e., does an effective drug therapy produce
sufficient benefits given its costs?).!! Therefore, coverage and
formulary decisions would be guided by information about a
drug’s overall value,'> which can be measured in a number of
ways. The most universally accepted, recommended, and, in
some countries, mandated method to assess value is the cost
utility analysis, a form of cost-effectiveness analysis in which
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health effects (the effectiveness) are measured in terms of qual-
ity-adjusted life years (QALYs) gained.'*"

In order to make coverage decisions based on value, payers
and policy makers must have access to reliable cost-effective-
ness information. However, as highlighted by Neumann et al.
(2006), there is a paucity of published cost-utility data available
to formulary committees.'? This lack of information is particu-
larly striking in the field of insomnia treatment. Despite numer-
ous publications over the past decade on the economic*¢71419
and humanistic!3>%1420-23 hurden of insomnia, almost no infor-
mation is available on the cost utility of insomnia therapies. In
the United Kingdom, the National Institute for Clinical Excel-
lence (NICE) Assessment Group, which advises the National
Heath System on the economic value of medical interventions
and drugs, was unable to identify any comparative evaluations
of insomnia drugs in the health economics literature.** The
2005 National Institutes of Health State of the Science Confer-
ence Statement® also recognized this fact and pointed out that
the societal and economic benefits of managing insomnia have
not been fully estimated. Thus, historically, coverage decisions
in the area of insomnia treatment have been made largely on the
basis of efficacy, rather than value arguments.

To the best of our knowledge, only one cost-utility analy-
sis of insomnia pharmacotherapy has been published to date.*
While that analysis, based on an initial clinical trial of eszopi-
clone in adult patients with chronic primary insomnia,” pro-
vided evidence that the pharmacologic treatment of insomnia
with eszopiclone for 6 months was cost-effective, it suffered
from a number of methodological limitations: (1) there was no
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direct validated measure of the severity of insomnia collected
in the study; (2) there was no direct measure of quality of life
collected in the study; (3) there was no direct measure of work
productivity collected; and (4) the assessment of uncertainty
surrounding the study results was limited. Thus, this initial
analysis relied on a number of limiting assumptions based on
the efficacy results of the Krystal et al.”’ clinical trial and the
existing literature.

Since that publication, a second, 6-month eszopiclone study®®
was published. This second trial provided an opportunity to
confirm the validity of the original model results and further
refine the economic evaluation of insomnia pharmacotherapy.
In particular, this study included an assessment of the impact
of therapy on insomnia severity, quality of life, resource use,
and work limitations. Therefore, rather than using assumptions
about the effect of therapy on some of the key outcomes, as was
done in the first economic analysis,? this trial allowed for a sig-
nificantly more definitive economic analysis based on patient-
level data, including an extensive assessment of the degree of
uncertainty associated with the results. It is hoped that the re-
sults from this new analysis can in turn be used to help make
more informed coverage decisions.

METHODS
Overview

The cost utility of eszopiclone treatment was estimated via
an economic model developed using patient-level data from a
6-month clinical trial® and supplemented with cost data ob-
tained from analyses of nationally representative medical and
absenteeism claims databases.

The clinical trial used in the present economic analysis has
been described previously.” In brief, 830 adult subjects, rang-
ing from 21 to 64 years, meeting Diagnostic and Statistical
Manual of Mental Disorders (DSM)-1V criteria for chronic pri-
mary insomnia, and reported sleep onset > 30 minutes and/or
total sleep time < 6.5 hours, were randomized to receive eszopi-
clone 3 mg (n=550) or placebo (n =280) nightly for 5 months.
Exclusion criteria included unstable medical conditions; DSM-
IV Axis I or personality disorder diagnosis; insomnia associ-
ated with known medical diagnosis or any condition that could
affect sleep (e.g., sleep apnea, restless leg syndrome, chronic
pain, benign prostatic hyperplasia); history of substance abuse
or dependence; and women who were pregnant, lactating, or
less than 6 months postpartum. Six subjects were excluded
from the economic analysis due to missing baseline data. Sleep-
related measures were collected at baseline and months 1, 3,
and 6 using the Insomnia Severity Index (ISI),* which assesses
the severity and impact of insomnia symptoms. Health-related
quality of life was measured at baseline and months 1, 3, and
6 via the Medical Outcomes Study Short-Form Health Sur-
vey (SF-36).>° The Work Limitations Questionnaire (WLQ),*!
which provides a measure of the percentage of lost productiv-
ity while at work (i.e., presenteeism), was also administered at
baseline and months 1, 3, and 6 to capture the degree to which
insomnia symptoms interfere with ability to perform job roles
and to calculate the monetary value of this loss irrespective of
whether this loss is borne by the responder or society. Finally,
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non-protocol health care used by patients after each visit was
assessed using the Health Utilization Questionnaire. Assess-
ments included the number of times the patient visited a physi-
cian, a mental health professional, an emergency room, etc.

The economic analysis was developed from a United States
societal perspective and included direct medical and indirect
(productivity) costs incurred (or avoided) by the patients, in
addition to quality of life measures (i.e., QALYs, the measure
of effectiveness used in cost-utility evaluations, derived from
the SF-36 using standard algorithms). Productivity measures
included absenteeism and presenteeism costs, which were as-
sessed separately using the WLQ. Because there is a debate
among health economists as to whether productivity costs
should be included along with utility, we examined the impact
of their exclusion in an alternate analysis.

Other types of costs not considered for this analysis included:
direct costs not covered by a third-party payer, such as over-the-
counter medication/sleep aids, herbal supplements, alternative
medicines, and prescription co-pays. Finally, the impact of in-
somnia and its treatment on family members, significant others,
and/or caregivers of the patients were also not considered. All
costs in the analysis were adjusted to 2006 US dollars using the
medical care component of the Consumer Price Index.

Economic Analysis

The economic analysis estimates the average total cost of
treatment with eszopiclone (C) and placebo (Cp), based on
published data sources, and average QALY's gained for eszopi-
clone (E,) and placebo (Ep), based on the clinical trial data using
the ISI, the SF-36, and the WLQ. Next, an incremental cost-
utility ratio (ICUR) was calculated to estimate the additional
costs (over placebo) associated with the use of eszopiclone to
achieve a gain of one additional QALY (over placebo).

This ICUR was given by the following formula:

c-C

= ¢ p
ICUR,,= 5 £

Eq. (1)

Whether eszopiclone is cost-effective compared to placebo
depends on whether its ICUR exceeds or remains below the so-
cietal maximum willingness to pay (WTP). That is, eszopiclone
was considered cost-effective relative to placebo if:

__e»p
ICUR, = E-E, <WIP

In the US, a given therapy is usually considered cost-effec-
tive if its ICUR is < $50,000 (i.e., WTP = $50,000), a somewhat
arbitrary, but generally accepted threshold.?**

Estimating the QALY and costs of each treatment was ac-
complished by using the actual recorded outcomes of each in-
dividual patient, , in the trial (where i = 1, 2, ... , 824). As its
name suggests, a QALY can be decomposed into 2 components:
survival time and the quality of life during that survival (i.e., the
“utility” component). A utility score theoretically ranges from
zero, representing death, to one, representing perfect health.
Thus, a patient who lives one year in a health state with a utility
of 0.50 accumulates only 0.50 QALYs (i.e., 1 year x 0.50 util-
ity). A therapy that improves that patient utility for the whole
year from 0.50 to 0.75 would increase QALYs by 0.25 units

Eq. 2)
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(i.e., 1 year x (0.75-0.50 utility)). The total QALY's associated
with each individual in the analysis is therefore a function of
these 2 components and can be expressed as the sum of the
utilities for each model month divided by 12:
s Utilityivmomh
E=2% —1 Eq. 3)

Next, each trial patient’s drug, direct medical, and indirect
(productivity) costs were estimated. Productivity costs included
presenteeism (lost productivity while at work) and absenteeism
(lost productivity due to work missed altogether) costs. Thus,
the total cost, C, of therapy can be expressed as follows:

C. = Drug, + Direct, + Presenteeism, + Absenteeism, Eq. (4)

Using the QALY and cost estimates for each trial subject, we
then calculated the average QALY's and average costs for each
treatment group as a whole. Using these averages, the ICUR
was calculated as described in Eq. (1).

Utility

Items and/or scores based on patient assessments of the SF-
36 recorded at baseline and months 1, 3, and 6 were transformed
into a utility score using published algorithms. A simple linear
interpolation was used to estimate the utility of each patient for
each model month. Specifically, the average utility during the
Ist month was the average of the baseline and month 1 utility
estimates, the utility of the 2nd and 3rd months were the aver-
age of the month 1 and month 3 utility estimates, and so on. The
QALY were then calculated as shown in Eq. (3).

The base case analysis relied on the transformation method
of Franks et al.,** which maps a 13,000 US-patient sample of
the National Medical Expenditure Survey (MEPS) to the EQ-
5D health-related quality of life measure (which is a measure of
utility) and to the SF-12, which is a subset of the SF-36 instru-
ment. Because there are a number of transformation methods of
the SF-36 into utility formats to choose from, a sensitivity anal-
ysis (see electronic Appendix A at www.journalsleep.org) was
conducted in which these alternate transformations methods
were tested. For each treatment group, the difference between
the QALY as calculated by Eq. (3) and the QALY's estimated
on the basis of the baseline utility, represents the QALY's gained
as a result of the placebo or eszopiclone treatment.

Direct Health Care Costs

Numerous studies have shown a correlation between in-
patient and outpatient utilization and the presence of in-
somnia ®*1415:193537 Because of its demonstrated efficacy in
treating insomnia, eszopiclone would be expected to reduce
health care costs in the clinical trial population. To attempt to
quantify this reduction, medical resource utilization data were
collected from all trial participants using the Health Utiliza-
tion Questionnaire. However, no difference in resource utili-
zation between the 2 treatment groups was observed during
the trial, and utilization was generally low overall. These low
utilization patterns may not be surprising given the controlled
nature of the clinical study. Per the study protocol, physician
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visits occurred at regular monthly intervals during the trial pe-
riod, and as such patients would have been expected to utilize
few, if any, additional physician visits.

To impute the physician visit utilization that would have
likely occurred in a non-experimental clinical setting, each
study subject was categorized according to whether s/he had
sustained remission from insomnia during the trial (defined
as no clinically significant insomnia, ISI < 7, at 1, 3, and 6
months). Patients with remission were assumed to experience
fewer physician visit costs than patients who did not achieve
remission. The assumed excess physician visit costs of non-
remitters were derived from a retrospective claims database
analysis of over 5 million patients comparing the cost of care
during a 6-month period prior to a diagnosis of insomnia or
a prescription for insomnia compared with a control group."
Based on this analysis, the additional cost of not achieving re-
mission of insomnia was $542.00 over a 6-month period. This
cost was added to the total costs for each patient having at least
one ISI score > 7.

Absenteeism Costs

Absenteeism (i.e., time missed from work) information was
not collected during the clinical trial. Therefore, the same pro-
cedures described for the physician visit cost estimation were
used to assign absenteeism costs to subjects who remitted or
not from insomnia. Specifically, the excess cost of absenteeism
($231.20 for 6 months) in non-remitters was obtained similarly
by retrospectively analyzing actual days of absences, short-
term disability, and workers’ compensation among patients in
the MarketScan Health and Productivity Management Database
(Thomson Medstat Inc, Ann Arbor, MI).

Presenteeism Costs

The method used to estimate utilities was again used to esti-
mate the percentage of lost productivity while at work (i.e., pre-
senteeism). WLQ values were observed at baseline and months
1, 3, and 6 for each patient enrolled in the trial. The percent-
age of work loss (or gain) for each patient was calculated as
the 6-month average lost productivity minus the baseline lost
productivity. By subtracting each patient’s baseline value, the
change in productivity directly attributable to the interventions
in the clinical trial can be estimated.

Each subject’s percentage of total work loss was multiplied
by the average hourly wage of US workers ($26.86, total com-
pensation per hour worked*®), the average number of hours
worked per week (33.9 hours®), and finally the percent of pa-
tients expected to be employed (78.72% of those between 18-
65 years of age).*

Eszopiclone-Related Costs

The cost of eszopiclone was based on the average whole-
sale price as of January 1, 2006 ($403.81 per 100-day supply),*!
reduced by 18.3% to reflect the over-estimate of actual phar-
macy acquisition costs of brand name drugs** plus a monthly
dispensing fee of $1.98.% It was conservatively assumed that
all patients would receive one 10-minute physician visit for an
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Table 1-—Medical Cost Parameter Values and Ranges Used in Sensitivity Analyses
Parameter Value
Cost per physician visit $60.18
Difference in 6-month physician visits expenditure $542.00
between having and not having remitted from insomnia

Difference in 6-month absenteeism cost between $231.20
patients having and not having remitted from insomnia

Pharmacy dispensing fee per 30-day supply $1.98
Drug acquisition discount 18.3%
Percent of subjects working 78.72%
Average hours/week worked 339
Average hourly wage $26.86

Source
Ingenix 2006 CPT Codebook*

Range/Distribution

Triangular distribution,
Min: $51.02, Max: $69.34

Triangular distribution, Medstat Marketscan Database

Min: $271.00, Max: $813.00

Medstat Health & Productivity
Management Database

Triangular distribution,
Min: $87.20, Max: $374.91

Triangular distribution, Novartis*

Min: $1.49, Max: $2.48

Office of the Inspector General
Medicaid Pharmacy*

Triangular distribution,
Min: 13.73%, Max: 22.88%

Triangular distribution, Bureau of Labor Statistics*

Min: 59.04%, Max: 98.40%

Triangular distribution, Bureau of Labor Statistics®

Min: 25.43, Max: 42.38

Triangular distribution, Hirth RA, et al.?®

Min: $10.15, Max: $33.58

established patient ($60.18*) and that those patients still using
eszopiclone at month 3 would require one additional visit.

Handling of Missing Data

The economic analysis estimates the costs and QALY's on
the basis of the observed outcomes of each individual patient
enrolled in the trial. However, some patients enrolled in the trial
had either missing observations at some time points or discon-
tinued from the trial prematurely, which meant that their out-
comes were not observed from the time of discontinuation to
the end of the trial. Therefore, it was necessary to impute some
of these missing observations using a variety of standard proce-
dures described in the electronic Appendix B.

Sensitivity Analyses

Because economic analysis requires the reliance on assump-
tions, it is important to test their effects by using alternate sce-
nario analyses and univariate sensitivity analyses. (The term
univariate refers to the fact that only one of the key parameters
is varied at a time, holding constant the values of all other pa-
rameters.) The range of values of the key parameters tested in
these sensitivity analyses are presented in Table 1.

In addition to univariate sensitivity analyses, modern cost-
effectiveness evaluations also incorporate some measure of
uncertainty surrounding the results when all the parameters
are varied simultaneously using multivariate sensitivity analy-
sis. To test the variability and uncertainty of the clinical trial
data on the results, an additional technique called bootstrap-
ping was used. Bootstrapping involves simulating the clinical
trial 5,000 times by randomly selecting a new population of the
same size—with replacement—from the original population.
Multivariate sensitivity analysis combined with bootstrapping
provides an indication of degree of confidence associated with
the results (e.g., one can estimate the percentage of the 5,000
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simulations in which eszopiclone treatment saves costs com-
pared to placebo) (see electronic Appendix C for more detail of
these methods).

All model calculations were performed using Microsoft Ex-
cel (Microsoft Co., Redmond, WA) and sensitivity analyses
were performed using @RISK (Palisade Co, Ithaca, NY).

RESULTS
Base Case Analysis

The analysis shows that the use of eszopiclone treatment re-
sulted in an average QALY gain over baseline of 0.0105 for the
eszopiclone group compared to a reduction in average QALY
0.0032 for the placebo group (Table 2). Thus, after 6 months,
patients using eszopiclone gained an average 0.0137 QALYs
over placebo.

The corresponding estimated average 6-month costs for the
eszopiclone and placebo groups were $495 and $428, respec-
tively, resulting in a net additional cost of $67 with eszopiclone
(Table 3). These included the cost of drugs, excess physician
visits, and absenteeism for non-remitters, and the monetary
value of productivity loss measured by the WLQ. The excess
absenteeism costs of remitters versus non-remitters were higher
in the placebo group than in the eszopiclone group because of
the lower proportion of sustained remitters. The improvement
in presenteeism measured by WLQ in the eszopiclone group
was nearly twice that of the placebo group (1.00% vs. 0.57%
over baseline, respectively). The estimated cost savings due to
this increased productivity at work is $689 for the eszopiclone
group vs. $333 for the placebo group.

Thus, eszopiclone resulted in a cost per QALY gained of
$4,919:

C-C, ~ $495-$428  $67
E-E, 0.0105-(-0.0032) 0.0137

ICUR, = =$4.919 Eq. (5)
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Table 2—Baseline and 6-Month QALY in the Base Case
Analysis

Eszopiclone Placebo Difference

Baseline utility* 0.4020 0.4023

Average 6-month utility 0.4125 0.3991

Net QALY gain (loss) 0.0105 (0.0032)  0.0137
Net 6-month cost $495 $428 $67
ICUR $4,919

*For reference, the QALY's of 6 months of perfect health are 0.5.

Alternate Scenario Analyses

When all productivity costs or outpatient visit costs were
excluded (separately or simultaneously), the ICURs remained
below the generally accepted cost-effectiveness threshold of
$50,000 (Table 4).

Sensitivity Analyses

The results of univariate sensitivity analyses on model pa-
rameters listed in Table 1 show that the model is most sensitive
to assumptions regarding productivity (i.e., percent labor force
participation, hours worked/week, average wage) and excess
physician service costs (Figure 1).

To test the uncertainty associated with both the underlying
trial data and the parameter uncertainty, a set of analyses was
conducted in which both the bootstrap and the multivariate sen-
sitivity analysis were carried out simultaneously, whereby each
random draw from the parameter distributions was linked to a
different bootstrap trial simulation. In these analyses, 50% of
the 5,000 model replications resulted in an ICUR of $5,418 or
less. In 95% of these replications, the ICUR was $34,935 or
less.

DISCUSSION

The present analysis was designed to assess the cost-effec-
tiveness of eszopiclone in the management of chronic primary
insomnia. The analysis combined data from the literature, retro-
spective database analyses, and patient-level data from a clini-
cal trial to estimate the quality-adjusted life years gained and
costs associated with treatments over a period of 6 months.

The base-case estimates of the cost per QALY gained with
eszopiclone were $4,919 (including productivity costs) and
$33,026 (excluding productivity costs). These cost-utility ra-
tios compare favorably with those of other generally accepted
medical interventions, and are below the commonly used (yet
somewhat arbitrary) US threshold of $50,000 that designates
the level below which society is willing to pay for an addition-
al QALY. These results are also comparable to the cost utility
of treatments for other generally non-life threatening condi-
tions.*>3

The present analysis confirmed the preliminary, exploratory
results obtained previously by Botteman et al.,” who used a
cruder methodology applied to a similar patient population from
a different clinical trial. The previous analysis reported that 6
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Figure 1—Univariate sensitivity analysis of selected model pa-
rameters. [ICUR = incremental cost-utility ratio.

months of eszopiclone treatment of primary insomnia in non-
elderly adults costs between $9,900 per QALY (including the
impact of insomnia on productivity) and $36,900 per QALY
(excluding the impact of insomnia on productivity). The current
analysis is more reliable, however, because patient-level data
were used to directly measure quality of life, work limitations,
and remission of insomnia. The inclusion of the SF-36 allowed
for the generation of utilities directly from a generic measure of
HRQL. Additionally, the ability to use patient-level data allowed
us to account for any within-trial uncertainty and to evaluate the
degree of robustness of the estimated cost utility ratio.

Productivity costs were included in the model to capture the
impairment insomnia has on daytime functioning. These pro-
ductivity costs were measured directly (i.e., for presenteeism)
via the WLQ and indirectly (i.e., for absenteeism, via impu-
tation of the absenteeism costs of remitted and non-remitted
insomnia). Because the inclusion of these costs together with
estimates of quality of life/utilities into an analysis is somewhat
controversial,’'? we excluded these costs in sensitivity analy-
ses and found that eszopiclone remained cost-effective even
without considering productivity costs.

Limitations

Despite its methodological strengths, the current analysis
also has a number of limitations.

The study of Walsh et al., on which this analysis is based,
collected medical care resource use via the Health Utilization
Questionnaire. However, no significant difference in resource
use was found between the eszopiclone and placebo groups,
and the overall level of resources was low. In the absence of a
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Table 3—Distribution of Per Patient Costs with Eszopiclone or Placebo Treatment

Eszopiclone Placebo Difference

(Eszopiclone minus Placebo)

Total drug-therapy related costs $603 $60 +8$543
Mean eszopiclone treatment cost $499 $0 +8499
Physician visits associated with seeking therapy for insomnia $104 $60 +$44
Mean medical cost (outpatient physician visits for remitters and non-remitters) $435 $525 -$90
Absenteeism costs* $146 $176 -$30
Change in presenteeism costs from baseline* -$689 -$333 -$356
Average total cost per patient $495 $428 +$67

*The absenteeism costs were estimated as a positive number corresponding to the total costs from baseline to 6 month in absence from work.
The interpretation of this outcome is that lower absenteeism costs are more desirable. In contrast to the absenteeism costs, the presenteeism
costs were estimated in terms of reduced productivity while at work with poor health compared to baseline levels. Thus, this outcome could
be negative or positive (depending on whether the costs were reduced or increased compared to baseline, respectively). The interpretation of
this outcome is similar to the absenteeism costs, i.e., the lower the reduction, the greater the savings in presenteeism costs.

measured difference, one might argue that no such difference
should be accounted for in the analysis. Several reasons dis-
cussed above justify the inclusion of at least some of these costs
in the base case analysis. First, previous economic studies have
demonstrated increased inpatient and outpatient utilization due
to insomnia.'®> Second, as patients in the trial were receiv-
ing protocol-driven care (including physician visits at monthly
intervals as part of the study), it was not surprising to observe
a low rate of physician visits in each treatment group. Another
possible reason for the low rate of health care utilization in the
trial may be that the trial populations were healthier than the
general insomnia population due to the multitude of exclusion
criteria common in clinical trials. In order to be conservative,
the current analysis assumed no difference in medical costs for
remitters and non-remitters, except for the portion attributable
to physician visits. Nevertheless, even when excess physi-
cian costs were excluded in sensitivity analysis, the cost util-
ity ratio remained below the $50,000 threshold when including
($11,422) and excluding ($39,529) productivity.

One of the advantages of the current analysis is the inclusion of
the WLQ as a direct measure of productivity. However, the ques-
tionnaire was designed for employed people, and employment
status was not captured in the study. We observed a high amount
of missing WLQ data (10% of patients had no WLQ value for
any visit, and 19% of all visits with ISI values had missing WLQ
scores), and it is possible that unemployed patients completed the
questionnaire, which may have affected the WLQ results.

Similarly, because we were not aware of the proportion of
employed individuals in the trial population, we estimated this
value to be equal to the percent employed in the general US
population. This may be an overestimation of the actual percent
employment because insomnia is known to interfere with work
activities, perhaps indicating that an insomnia population would
have a lower level of employment than the general population.
On the other hand, insomnia may be perceived as a more sig-
nificant economic problem in working populations. If workers
are more likely to seek treatment for their insomnia, the results
may underestimate the benefits of therapy. These limitations
may be of particular concern because the gain in productivity
constituted a large amount of the cost savings associated with
eszopiclone treatment.
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Table 4—Scenario Analyses

Incremental ICUR

Scenario QALY  Cost
Base case 0.0137 $67 $4,919
Alternate assumptions
Excluding productivity 0.0137  $453  $33,026
Excluding excess

physician visit costs 0.0137  $157  $11,422
Excluding productivity and

excess physician visit costs 0.0137  $542  $39,529

Despite these limitations, the results may be particularly rel-
evant to employers in whom therapy may actually lead to net cost
savings. That is, as the cost of an hour of work loss increases, the
economic value of reducing the burden of insomnia increases. For
instance, in the present analysis, if the cost of an hour of work loss
costs $24.66 or more, then therapy with eszopiclone becomes cost
saving in those subjects participating in the labor force.

Finally, the present cost utility findings reflect the experience
of patients enrolled in a clinical efficacy trial, although some
assumptions and modeling of external data were also required.
As such, the results may have a high degree of internal valid-
ity, but a lower degree of external validity. Therefore, caution
should be used in extrapolating these results to a non-clinical
trial setting of day-to-day clinical practice. For instance, only
one dose (3 mg) of eszopiclone was used in this trial, and the
effectiveness of lower doses was not evaluated (although ap-
proximately 66% percent of prescriptions for adults are for 3
mg). In addition, there was no attempt in this analysis to model
behaviors such as treatment holidays in which a patient stops
taking treatment for some time (treatment switches, non-adher-
ence, etc). In particular, physicians in non-experimental clinical
setting might consider terminating or switching therapy in non-
responders, or discontinuing therapy after a few months in re-
mitted patients. This could have important implications for the
economic evaluation and warrant additional research and anal-
ysis. Thus, it would be most appropriate to interpret the findings
of this analysis within the context of a placebo-controlled study,
a limitation also shared by many similar economic analyses.
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Conclusions

For decades, private and public policy decision makers have
had to rely only on efficacy and safety data to determine the
intrinsic worth of insomnia therapies with relatively limited
evidence of the direct and indirect economic burden of the con-
dition. The value of our analysis to decision makers is that it pro-
vides evidence that pharmacotherapy (here with eszopiclone)
for the management of primary insomnia is cost-effective.
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SUPPLEMENTAL DATA
Electronic Appendix A

Eight algorithms were initially considered to transform the
SF-36 data collected at baseline and months 1, 3, and 6 into
utility formats. Four of these were excluded because they (a)
excluded the SF-36 vitality domain, previously determined to
be clinically relevant to insomnia,** (b) were not considered
to be a “generic algorithm” representing societal preferences
because they were age- and/or sex-dependent,>>¢ or (c) were
based on visual analog scores, which are not considered to be a
preference-based measure.”’

In addition the algorithm used in the base case analysis, the
use of the other 3 algorithms was tested in scenario analysis, in-
cluding another mapping MEPS data to the EQ-5D (Lawrence
and Fleishman),*® one using a much smaller US sample (Franks
et al., 2003)* and an algorithm based on a UK patient sample
mapping to the standard gamble utility (Brazier and Roberts).%
The Brazier and Roberts algorithm may not be ideal for US
decision makers because of its UK population basis, but it was
included because of its methodological merit of using a direct,
preference-based utility measure.

Using these alternate utility algorithms relying on US popu-
lation estimates resulted in relatively constant estimates of cost
per QALY (Lawrence and Fleishman: $5,420; Franks et al.
2004: $4,889).**5 The Brazier and Roberts algorithm, based on
a UK population sample and the standard gamble utility, gener-
ated a higher mean ICUR of $10,089.

Table A1—Cost-Effectiveness Using Alternative SF-36 to Utility
Transformation Methods
Incremental ICUR

Scenario QALY  Cost
Base case 0.0137 $67 $4,919
Alternate assumptions

Alternate utility algorithm

— Lawrence and Fleishman®® 0.0124 $67 $5,420

Alternate utility algorithm

— Franks et al.** 0.0138 $67 $4,889

Alternate utility algorithm

— Brazier and Roberts® 0.0067 $67  $10,089

Electronic Appendix B

The economic analysis estimates the costs and QALY's on the
basis of the observed ISI (to estimate medical costs and absentee-
ism) and utilities (estimated by transformation of SF-36 scores)
of each individual patient enrolled in the trial. However, some pa-
tients enrolled in the trial had either missing observations at some
time points or discontinued prematurely. Therefore, it was neces-
sary to impute some of these missing observations as follows.

Missing ISI observations for subjects who did not discon-
tinue the trial (i.e., ISI data missing between 2 non-missing time
points) were imputed using the method of last observation car-
ried forward. More patients in the placebo group did not com-
plete the trial than in the eszopiclone group (52.1% vs. 36.9%,
respectively). Missing ISI values following trial discontinua-
tion were imputed with the average post-treatment ISI value
stratified by treatment group and remission status at discontinu-
ation. For example, remitters at the time of discontinuation in
the placebo group were assigned the average post-treatment ST
value for all placebo patients who were observed as being in
remission at month 6. Similarly, placebo subjects who were not
in remission at discontinuation were assigned the average post-
treatment ISI for placebo patients who were non-remitters at
month 6. Given the available data, this method of relating the
last observed value to the first observed value after a period
of no active treatment is a reasonable approximation, although
there may be some level of inaccuracy in this prediction because
discontinuation to blinded placebo treatment and discontinua-
tion to no treatment would not necessarily generate equivalent
results due to the possibility of a placebo effect.

The productivity loss given by the WLQ responses was as-
sessed at baseline and months 1, 3, and 6. WLQ values missing
for any reason were imputed using a two-step regression model
(Table B1). The first step used a Probit model with random ef-
fects to examine the probability that any work loss has occurred
(WLQ > 0) based on the patients’ age, ISI, and time-invariant
patient-specific random effect at the corresponding visit. This
probability was multiplied by the expected WLQ determined
by a generalized linear model based on the visit ISI (either ob-
served or imputed) and a random effect term.

Missing utility values were also imputed using a generalized
linear regression model with random effects relating the expect-
ed ISI value at the missing visit and age to the expected utility
generated from the utility algorithm (Table B1).

Regression to estimate
missing utility values®

Mean (SE)*
Constant —2.683 (0.086)
ISI 0.041 (0.002)
Age 0.005 (0.002)
Random Effect** 0.285 (0.016)

**Not included in probabilistic sensitivity analysis

Table B1—Model UTILITY and WLQ Parameter Values and Ranges Used in Sensitivity Analysis

*In the PSA, all parameters were assumed to have a normal distribution with standard deviation equal to the SE of the estimate.

Regression coefficients to estimate
missing WLQ values
Part 1: Probability Part 2: Estimation of

of non-zero WLQ WLQ given WLQ > 0
Mean (SE)* Mean (SE)*
1.571 (0.305) 1.051 (0.114)
0.038 (0.006) 0.053 (0.003)

~0.021 (0.006)

2.001 (0.226) 0.289 (0.027)
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Electronic Appendix C

The bootstrapping method of uncertainty analysis entails
simulating the trial population (by treatment group) a large
number of times (e.g., 5,000 times) by randomly selecting a
new population of the same size—with replacement—from the
original trial population. Each of these “new” trials is then sim-
ulated and each leads to new outcomes. Characterizations of the
distribution of the bootstrapped outcomes illustrate the amount
of uncertainty contained within the clinical trial data.

Univariate and multivariate sensitivity analysis is conducted
by creating new simulations by replacing the model parameters
with random draws from specified probability distributions
(e.g., normal, uniform, or other) reflecting the uncertainty about
each parameter (Table 1 and Table B1 in Appendix B). For ev-
ery combination of random draws, a new outcome results is
estimated. A large number of these simulations are run to gener-
ate a distribution of outcomes, again providing an indication of
the level of uncertainty associated with key model parameters.
Used together, bootstrapping and multivariate sensitivity analy-
sis offers a means to test the joint uncertainty associated with
the underlying trial data and the model parameters.
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