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Abstract

Objective To evaluate the cost effectiveness of genetic

screening for the apolipoprotein (APOE) e4 allele in

combination with preventive donepezil treatment in com-

parison with the standard of care for amnestic mild cog-

nitive impairment (AMCI) patients in Canada.

Methods We performed a cost-effectiveness analysis

using a Markov model with a societal perspective and a

time horizon of 30 years. For each strategy, we calculated

quality-adjusted life-years (QALYs), using utilities from

the literature. Costs were also based on the literature and,

when appropriate, Ontario sources. One-way and probabi-

listic sensitivity analyses were performed. Expected value

of perfect information (EVPI) analysis was conducted to

explore the value of future research.

Results The base case results in our exploratory study

suggest that the combination of genetic testing and pre-

ventive donepezil treatment resulted in a gain of 0.027

QALYs and an incremental cost of $1,015 (in 2009

Canadian dollars [Can$]), compared with the standard of

care. The incremental cost-effectiveness ratio (ICER) for

the base case was Can$38,016 per QALY. The ICER was

sensitive to the effectiveness of donepezil in slowing the

rate of progression to Alzheimer’s disease (AD), utility in

AMCI patients, and AD and donepezil treatment costs.

EVPI analysis showed that additional information on these

parameters would be of value.

Conclusion Using presently available clinical evidence,

this exploratory study illustrates that genetic testing com-

bined with preventive donepezil treatment for AMCI

patients may be economically attractive. Since our results

were based on a secondary post hoc analysis, our study

alone is insufficient to warrant recommending APOE

genotyping in AMCI patients. Future research on the

effectiveness of preventive donepezil as a targeted therapy

is recommended.

1 Introduction

Alzheimer’s disease (AD) is a degenerative brain disease

that impairs cognitive function, memory, and activities of

daily living [1]. According to estimates for the year 2008,

management of AD in Canada cost $15 billion (in Cana-

dian dollars [Can$]) in direct, indirect, and unpaid care-

giver opportunity costs, and required 231 million hours of

informal care time [2]. There has been limited success in

treating AD, which motivates scientists to find solutions to

delay the onset of AD at an earlier stage. Mild cognitive

impairment (MCI) represents a transitional state between
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the cognitive abilities of normal aging and early-stage AD

[3]. Therefore, there is a national and global imperative to

prevent the progression of MCI to AD. Amnestic mild

cognitive impairment (AMCI) is a subtype of MCI

involving impaired memory but otherwise intact cognitive

function, and patients with this condition are at increased

risk of developing AD [4]. Progression to AD may also

accelerate in the presence of one or more apolipoprotein

(APOE) e4 alleles [5–7]. Approximately 24% of the AMCI

population in Canada carry the e4/e4 APOE genotype [8],

and AMCI patients who carry two APOE e4 alleles have a

94% chance of developing AD by the age of 80 years [9].

Genetic testing for the presence of APOE e4 alleles may be

an efficient way to target a therapy to a group that has a

higher risk of progressing to AD and is likely to benefit

from the health intervention.

Scientists have been investigating different ways to

delay and prevent AD. One method includes the use of

therapeutics such as cholinesterase inhibitors (donepezil,

rivastigmine, galantamine, memantine) to slow cognitive

decline; these treatments are currently used for mild to

moderate AD. Although the current standard of care in the

treatment of MCI does not include these medications [10],

there may be some clinical benefit from using pharmaco-

therapy at an earlier stage as preventive treatment. A sys-

tematic search of the literature in Medline retrieved only

two randomized controlled trials (RCTs) that investigated

the effect of the drug donepezil in AMCI patients. In the

first study, 132 AMCI patients who received donepezil

treatment for 24 weeks did not show significant improve-

ment in primary efficacy measures but did show improve-

ment in secondary ones [11]. The second study compared the

effectiveness of donepezil treatment with a placebo in

delaying the onset of AD among AMCI patients [4].

Although the study found that donepezil delayed the onset of

AD during the first 12 months of treatment, the difference in

the progression rate did not persist after 3 years. In a sec-

ondary post hoc analysis, however, the benefit of donepezil

was evident among carriers of one or more APOE e4 alleles

throughout the 3-year follow-up period.

The second study showed the potential of identifying

APOE e4 allele carriers through genetic testing as a more

effective way of screening for AMCI patients who are most

likely to benefit from targeted therapeutics. Although several

studies have assessed the cost effectiveness of donepezil in

AD and MCI patients [12–15], there has been no economic

evaluation of APOE e4 genetic testing in combination with

preventive donepezil therapy in patients with AMCI. Those

studies focused only on the economic evaluation of donepezil

treatment and did not consider the association between gene

polymorphisms and potential outcomes.

Since personalized medicine and pharmacogenomics are

relatively new areas of research, the benefits of new genetic

tests and their impact on the cost effectiveness of treatment

remain uncertain. The RCT mentioned earlier, which

evaluated genetic testing in AMCI patients, could not make

a strong recommendation, because of insufficient data.

Specifically, it only examined treatment effects in separate

groups of APOE e4 carriers and non-carriers in a secondary

post hoc analysis [4]. Despite this shortcoming, an effort to

model the combination of genetic testing and preventive

donepezil treatment for AMCI patients can still prove

useful because it can generate the framework necessary to

analyze different treatment scenarios in anticipation of the

influx of more robust clinical evidence.

The primary objective of this study, therefore, was to

evaluate the potential cost effectiveness of APOE e4 test-

ing in combination with preventive donepezil treatment

(the ‘‘targeted therapy’’ strategy). We compared the pro-

posed strategy with the standard of care for AMCI patients

in Canada: specifically, routine monitoring until progres-

sion to AD without genetic testing and preventive treat-

ment (the ‘‘standard of care’’ strategy). Because of the

uncertainty in the available data, this type of study is

exploratory and relies on secondary post hoc analysis.

Consequently, another objective of the study was to

understand the impact of these uncertainties on the esti-

mates of the cost effectiveness of the aforementioned test

and treatment strategy.

Definitive conclusions drawn from the results of eco-

nomic evaluations should be met with some caution.

Because of its exploratory nature, by itself this study may

not be useful for decision makers who decide on funding.

Rather, this study, while providing significant insight into a

proposed health intervention, more importantly can inform

future clinical research as well as form the basis of further

economic research when more clinical evidence is avail-

able. A study of genetic testing in combination with pre-

ventive treatment for AMCI patients has not been

conducted before and, additionally, resource use for AMCI

patients has never been investigated in a North American

setting.

2 Methods

2.1 Outline of the Model

A Markov model was designed to simulate the natural

history of AMCI over a 30-year time horizon (reflecting the

life expectancy of the cohort). Health effects were

expressed as quality-adjusted life-years (QALYs), which

weigh length-of-life with quality-of-life data—specifically,

health-state utilities. The model simulates a hypothetical

cohort of 70-year-old AMCI patients with problems in

the memory domain (a Mini-Mental State Examination
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[MMSE] score in the range of 27–30), subdivided into

APOE e4 carriers and non-carriers. Each year, patients can

either progress to AD or die from other causes (Fig. 1).

Transition probabilities define the movement between

health states and were estimated using data from published

literature (Table 1). Patients accrue costs and QALYs on

the basis of the amount of time spent in each health state,

which are assigned unique cost and utility estimates. This

analysis was conducted from a societal perspective in a

Canadian setting. A 1-year cycle length was used, and both

costs and effects were discounted by 5% per year.

In the targeted therapy strategy, the model begins with

the hypothetical cohort receiving an APOE genetic test

during a visit to a memory clinic or a neurologist. If the test

identifies a patient as a carrier of one or more APOE e4

alleles, the patient receives donepezil as a preventive

treatment to delay the onset of AD. Non-carriers are

monitored until they develop AD. Since the genetic test

works on any good-quality DNA, and the procedure itself

and interpretation of the result are straightforward and

transparent (0.01% attributable to human error), we

assumed the APOE e4 allele genetic test specificity and

sensitivity to be 100%. In the standard of care strategy,

patients receive neither APOE genetic testing nor pre-

ventive treatment and are only monitored until progression

to AD. In both scenarios, once patients progress to AD, we

assumed they receive a drug of similar cost and effec-

tiveness to donepezil until they die.

Using guidelines [16], we conducted a systematic

review in Medline for every model parameter, including

the prevalence of APOE e4 allele in AMCI patients and the

mortality risk, health-state utilities, and costs of both

AMCI and AD patients. To conduct a systematic review of

the effectiveness of preventive donepezil treatment among

APOE e4 carriers and non-carriers, we searched Medline

and Cochrane Reviews databases. We used Grading of

Recommendations Assessment, Development and Evalua-

tion (GRADE) quality assessment methods [17] to appraise

estimates for clinical parameters.

2.2 Prevalence of the Apolipoprotein e4 Allele Among

Patients with Amnestic Mild Cognitive Impairment

We obtained the prevalence of the APOE e4 allele among

AMCI patients in Canada (24%) from the Canadian Study

of Health and Aging (CSHA), which investigated the epi-

demiology of dementia in Canada [8]. The CSHA study

uses a definition termed ‘‘cognitive impairment and no

dementia’’ (CIND), which has clinical characteristics

similar to those of AMCI [18]. One European study of

APOE e4 prevalence in cognitively impaired individuals

attending memory clinics reported statistics of 15% in

controls and 36% in patients with AMCI [19]. Another

memory clinic sample replicated a tendency for a North–

South gradient in APOE e4 prevalence in Europe, which

had been noted previously in population studies. It cited

31.5% prevalence in Southern Europe and up to 62.7%

prevalence in patients with MCI or subjective complaints

[20]. We explored the effect of prevalence in a sensitivity

analysis to assess the generalizability of our results to a

higher-prevalence setting.

2.3 Transition Probabilities

We obtained the annual risk of death of the general pop-

ulation in Canada from Canadian life tables [21]. We

assumed that the mortality rate from AMCI is the same as

that of the general population. The annual mortality risk of

patients with AD was calculated using the relative risk

from age-matched annual mortality rates for AD patients

from the US Monongahela Valley Independent Elders

Survey (MoVIES) [23], which suggested that AD patients

have a higher mortality risk than MCI patients. In a sen-

sitivity analysis, we ran a scenario where the mortality risk

of AD patients was the same as that of AMCI patients. We

also assumed that the mortality risk is independent of

APOE carrier status.

We obtained the rates of progression from AMCI to AD

for the first 3 years and the effectiveness of preventive

donepezil treatment in delaying the onset of AD from a

multicenter RCT investigating the effectiveness of pre-

ventive donepezil treatment in North American AMCI

patients [4]. The trial used the onset of AD as the primary

outcome and defined AD according to the clinical criteria

AMCI

AMCI without
APOE ε4 

AMCI with
APOE ε4 

DeathMild AD

Moderate AD

Severe AD

Fig. 1 Markov process of genetic testing and preventive treatment

for patients with amnestic mild cognitive impairment (AMCI).

AD Alzheimer’s disease, APOE apolipoprotein
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of the National Institute of Neurological and Communi-

cative Diseases and Stroke and the Alzheimer’s Disease

and Related Disorders Association [4]. The trial compared

the progression from AMCI to AD between those who

received 10 mg of donepezil daily as preventive treatment

(the donepezil group) and those who received no pre-

ventive treatment (the placebo group) every 6 months over

3 years. A secondary post hoc analysis from the RCT

showed that donepezil had a treatment benefit in APOE e4

carriers over the 3-year period but had a limited effect on

non-carriers. We estimated the transition probabilities from

the conditional probabilities of developing AD (using

Kaplan-Meier estimates of the rate of progression from

MCI to AD as shown in Fig. 1 in the original trial publi-

cation) [4]. In the primary analysis, which combined APOE

e4 carriers and non-carriers, the donepezil group had a

lower rate of progression to AD than the placebo group in

the first year, but their progression rate increased in sub-

sequent years and converged with that of the placebo group

after 3 years. We recognize that there is some uncertainty

Table 1 Variables used in the

model, showing base case

values, ranges, and data sources

AD Alzheimer’s disease, AMCI
amnestic mild cognitive

impairment, APOE
apolipoprotein, Can$ 2009

Canadian dollars
a The values shown in these

sections are transitional

probabilities for the respective

strategies

Variable Base case

value

Low

value

High

value

Distribution References

Probabilities

Prevalence of APOE e4 allele 0.24 0.15 0.36 Beta [8, 19]

Adverse events associated with donepezil 0.17 0.10 0.24 – [4]

Rates of progression to AD

Targeted therapy strategy: APOE e4 carriers receiving donepezila

1 year 0.080 0.064 0.096 Beta [4]

2 years 0.185 0.148 0.222 Beta [4]

3 years 0.320 0.256 0.384 Beta [4]

4 years 0.189 0.151 0.227 Beta [4]

5 years and above 0.081 0.065 0.097 Beta [24]

Standard of care strategy: APOE e4 carriers not receiving donepezila

1 year 0.230 0.184 0.276 Beta [4]

2 years 0.234 0.187 0.281 Beta [4]

3 years 0.237 0.190 0.285 Beta [4]

4 years and above 0.081 0.065 0.097 Beta [24]

APOE e4 non-carriers

1 year 0.130 0.104 0.156 Beta [4]

2 years 0.057 0.046 0.069 Beta [4]

3 years 0.061 0.049 0.073 Beta [4]

4 years and above 0.081 0.065 0.097 Beta [24]

Patients who have progressed to AD

Mild to moderate AD 0.322 0.26 0.39 Beta [12]

Mild to severe AD 0.042 0.03 0.05 Beta [12]

Moderate to mild AD 0.043 0.03 0.05 Beta [12]

Moderate to severe AD 0.339 0.27 0.41 Beta [12]

Utilities

AMCI 0.73 0.58 0.88 Beta [25, 26]

Mild AD 0.68 0.54 0.82 Beta [25–27]

Moderate AD 0.54 0.43 0.65 Beta [25–27]

Severe AD 0.37 0.30 0.44 Beta [25–27]

Costs (Can$)

Annual cost of donepezil 1,916 1,341 2,491 Gamma [29]

Annual cost of AMCI surveillance 8,262 5,783 10,740 Gamma [30, 31, 48]

APOE e4 genetic test cost per sample 325 150 1,625 Gamma [32, 33]

Annual cost of mild AD 13,028 9,120 16,937 Gamma [35, 36]

Annual cost of moderate AD 35,461 24,823 46,099 Gamma [35, 36]

Annual cost of severe AD 50,721 35,505 65,937 Gamma [35, 36]

Adverse event cost for donepezil 100 70 130 Gamma [34]
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in generalizing the results from the secondary post hoc

analysis to the AMCI population in the Canadian setting,

and thus we also conducted extensive sensitivity and sce-

nario analyses on the slowing of the rate of progression to

AD and the effectiveness of donepezil. We did not adjust the

effectiveness estimates for dropouts, because the trial esti-

mates we used were analyzed with an intention-to-treat prin-

ciple, which takes into account the effect of dropouts.

Since there is little evidence on the effectiveness of

donepezil beyond 3 years, we assumed that after year 3,

donepezil does not delay cognitive decline. To be conser-

vative, we assumed that those who receive donepezil have

a higher rate of progression to AD in the fourth year

(18.9% per year) than those who do not receive donepezil

(8.1% per year), and so they have an equivalent cumulative

probability of developing AD by the end of year 4. In

subsequent years, all groups have the same annual proba-

bility of developing AD (8.1%), estimated from a meta-

analysis of rates of progression from MCI to AD, which

included 29 robust inception cohort studies [24].

2.4 Quality of Life

We obtained health-state utilities for AMCI and AD

(Table 1) from a study that elicited quality-of-life estimates

from 679 North American patients at various stages of AD

(from ‘‘questionable AD’’ to terminal AD), using the

Health Utilities Index 2 (HUI2) method [25–27]. The study

categorized patients by using the Clinical Dementia Rating

(CDR) scale [28]. We estimated the health-state utility

score of AMCI from the mean score of 52 patients with

questionable AD (CDR score 0.5), and we used utility

values from the mild, moderate, and severe categories for

the AD health states [28].

2.5 Resource Use and Costs

We estimated the costs from standard costing sources in

Ontario, Canada, and published literature [29–31]. Cur-

rently, the APOE e4 genetic test is not publicly available in

Canada, and we had to use several sources to generate an

estimate. In our base case, we assumed that each genetic

test costs Can$325. This estimate is the average of the

service fee from a medical laboratory services company in

the US [32] and the genetic test cost retrieved from a recent

Ontario report [33]. We conducted a sensitivity analysis

using a higher cost estimate for genetic testing. For the

targeted therapy strategy, we assumed that APOE e4 car-

riers receive 10 mg of donepezil daily as a preventive

treatment. Gastrointestinal side effects such as diarrhea and

nausea are the most common adverse events associated

with donepezil; we assumed that 10% of those receiving

donepezil would experience gastrointestinal adverse events

per year [4] and that management would require three visits

to a general physician, with visit costs being estimated

using the Ontario physician fee schedule [34].

Our systematic search found one study on the cost

associated with MCI from a German societal perspective,

which was inflated and converted to Can$ [48]. For the

genetic screening strategy, we assumed that patients iden-

tified as APOE e4 carriers would have several extra phy-

sician visits for surveillance compared with non-carriers,

because they are at higher risk of developing AD. The

annual cost of AD includes the costs of nursing home care,

medication, community support services, and caregivers’

productivity loss. We abstracted the costs associated with

different stages of AD from an earlier Canadian costing

study that focused on AD [35]. We expressed all costs in

2009 Can$, inflated using the medical component of the

Canadian Consumer Price Index, when necessary [37].

2.6 Sensitivity Analysis

We conducted deterministic and probabilistic sensitivity

analyses to assess the uncertainty of all parameters. We

varied all parameters separately in one-way sensitivity

analyses (ranges shown in Table 1). For the probabilistic

sensitivity analyses, we used gamma distributions to rep-

resent uncertainty in the cost parameters because cost data

are skewed and cannot be negative. We used beta distri-

butions for the probabilities and utilities because these

estimates are confined to a 0–1 range (Table 1). All

parameters were randomly sampled from their assigned

distributions, and 1,000 simulations were performed. We

estimated the likelihood of each treatment strategy being

the more favorable across a range of willingness-to-pay

(WTP) thresholds. To assess the value of additional

information, we calculated the expected value of perfect

information (EVPI) with a 20-year lifespan of the testing

technology and a partial EVPI (EVPPI) for the input

parameters at various WTP thresholds [38]. From the 24%

prevalence of AMCI and population estimates in Canada,

we estimated the number of AMCI patients aged 70 years

and older in Canada to be 275,000. Using this population

estimate, we estimated the population EVPI at different

WTP thresholds.

3 Results

3.1 Base Case

In AMCI patients, genetic testing in combination with

preventive donepezil treatment for APOE e4 carriers was

more effective (0.027 QALY gained) and more costly (an

additional Can$1,015) than the standard of care strategy.
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The incremental cost-effectiveness ratio (ICER) of the

genetic test strategy was Can$38,016 per QALY gained

(Table 2). Over the course of the model, 68% of the cohort

developed AD.

3.2 Sensitivity Analysis

One-way sensitivity analysis revealed that the results were

most sensitive to the effectiveness of donepezil in slowing

the rate of progression to AD, utility in AMCI patients, and

AD and donepezil treatment costs (Fig. 2). The effects of

changes in other parameters, such as utility values in AD,

the prevalence of the APOE e4 allele, discount rates, and

genetic test and AMCI surveillance costs, were less

pronounced.

We explored a scenario where the progression rate dif-

fers only on the basis of treatment and not APOE e4 carrier

status, using the rates of progression to AD observed in the

RCT among placebo- and donepezil-treated groups without

APOE carrier status stratification. In this scenario, the

ICER increased to Can$113,647 per QALY gained. In

another scenario where we limited the time horizon of the

analysis to 3 years, the ICER decreased slightly to

Can$36,229 per QALY gained. One study found that

individuals with MCI were 1.74 times more likely to die

than those without cognitive impairment [22]. If the annual

mortality risk of patients with AMCI was 1.74 times higher

than that of the general population, the ICER decreased to

Can$25,876 per QALY gained. In a scenario with no dif-

ferential mortality between AMCI and AD patients, the

ICER was Can$1,714 per QALY gained. When we

increased the genetic test cost by a factor of 3, assuming a

combination of new genes and other yet to be discovered

AD risk factors, the ICER using the more expensive

genetic test increased to Can$62,366 per QALY gained.

Changing the analytical perspective to the health system

payer changed the ICER to Can$50,182 per QALY gained.

Probabilistic sensitivity analysis revealed that most of

the 1,000 simulated ICERs were located mainly in the

northeast quadrant and some in the southwest quadrant,

with a center close to the origin of the cost-effectiveness

plane (Fig. 3). If one QALY gained is valued at

Can$50,000, then 55% of the simulated ICERs were

considered cost effective (Figs. 3, 4). The genetic testing

strategy had a higher chance of being cost effective (66%)

if the WTP was Can$100,000 per QALY (Fig. 4).

3.3 Expected Value of Perfect Information

The overall EVPIs were Can$667, Can$856, and Can$900

per patient at WTP thresholds of Can$20,000,

Can$50,000, and Can$100,000 per QALY, respectively

(Fig. 5). The EVPI for a target population size of

275,000 is considerable at Can$255 million if the WTP

threshold is Can$35,000, and also steadily increases

above Can$65,000, as shown in Fig. 6. The partial EVPI

for parameters varied with WTP thresholds (Fig. 5). At a

WTP threshold of Can$50,000 per QALY, additional

information on the natural progression to AD, efficacy of

preventive treatment, donepezil treatment costs and post-

progression AD treatments costs would be valuable.

Although there is little uncertainty around the unit cost of

donepezil, there are uncertainties around the dose, fre-

quency, and duration of preventive treatment. With corre-

sponding partial EVPIs being quite low, conducting

additional research on quality-of-life estimates, surveil-

lance costs, and adverse event costs would be of little

value.

4 Discussion

In our model, APOE e4 genetic testing with preventive

donepezil treatment was more costly and more effective

than the standard of care strategy. The benefit of the tar-

geted therapy strategy, conferred through a reduction in

progression to AD among APOE e4 allele carriers during

the first 3 years, translated into an average gain equivalent

to 10 days of quality-adjusted life per patient. Although the

effect size may appear small, it is comparable to QALYs

gained in studies for other recognized health interventions,

such as pharmacogenetic testing in the clinical manage-

ment of schizophrenia (4 days) [39] or adjuvant treatment

in postmenopausal women with breast cancer (25 days)

[40]. The additional cost of Can$1,015 per patient com-

bined with the effectiveness estimate results in an ICER of

Can$38,016 per QALY gained. This suggests that the tar-

geted therapy strategy could be a cost-effective interven-

tion if the WTP exceeds Can$39,000 per QALY gained.

Our sensitivity analysis results suggest that the ICER

varies somewhat with changes in parameters that may be

specific to jurisdictions, such as the prevalence of APOE e4

alleles in the AMCI population and costs. Our estimates of

the prevalence of APOE e4 alleles in AMCI and of the cost

of AD are lower than published estimates from other

countries [19, 41, 42]. Overall, this implies that our results

Table 2 Incremental cost effectiveness of a genetic test for the

apolipoprotein e4 allele in combination with preventive donepezil

treatment in patients with amnestic mild cognitive impairment

Strategy Cost (Can$) QALYs D Can$/D QALYs

Targeted therapy 132,105 4.980 –

Standard of care 131,090 4.953 –

Difference 1,015 0.027 38,016

Can$ 2009 Canadian dollars, QALYs quality-adjusted life-years
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are likely to be generalizable to other jurisdictions as long

as the country-specific values are within the ranges tested

in our sensitivity analysis; if the estimates of the prevalence

of APOE e4 alleles in AMCI and of the cost of AD were

higher in other jurisdictions, the ICER would likely be

lower.

The comparative benefit of the targeted therapy strategy

versus the standard of care strategy in AMCI patients is

based on two important clinical parameters: (i) an elevated

risk of developing AD among carriers of APOE e4 alleles

compared with non-carriers; and (ii) delayed progression

to AD with preventive donepezil treatment specifically

among APOE e4 allele carriers. Studies have found an

association between APOE e4 carriage and development of

AD [6, 43–45]. However, the accuracy of APOE e4

genotyping in predicting progression of MCI to AD is not

high enough on its own to warrant its use in clinical

practice, because not all e4 carriers will develop AD, and

many non-carriers may develop AD. Although we obtained

our effectiveness estimates from a large, multicenter RCT

[4], the estimates were from a secondary post hoc analysis,

and the authors did not feel that their results were statis-

tically powered to make a policy recommendation around

the targeted therapy strategy. Also, the effectiveness of

Rate of progression to AD in patients with APOE ε4
receiving donepezil (treatment effectiveness)

Utility in AD

Utility in AMCI patients

Donepezil treatment cost

AD treatment cost

Genetic testing cost

AMCI surveillance cost

Prevalence of APOE ε4 in AMCI patients

Discount rate

Rate of progression of AD patients to a more severe state

0 20,000 40,000 60,000 80,000

Cost-effectiveness ratio (Can$)

Fig. 2 One-way sensitivity

analysis tornado diagram

(longer bars indicate variables

that affect the cost-effectiveness

ratio greatly). AD Alzheimer’s

disease, AMCI amnestic mild

cognitive impairment, APOE
apolipoprotein, Can$ 2009

Canadian dollars

15,000

−15,000

Effect difference (QALYs)

C
os

t d
iff

er
en

ce
 (

C
an

$)

10,000

−10,000

5,000
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0

Fig. 3 Monte Carlo simulation

results on the cost-effectiveness

plane. Can$ 2009 Canadian

dollars, QALYs quality-adjusted

life-years
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donepezil treatment among APOE e4 carriers is still

debatable, especially considering that a separate RCT that

investigated the effectiveness of another cholinesterase

inhibitor among APOE e4 carriers [46] did not publish its

findings. Our EVPI analysis suggests that additional

research on the effectiveness estimate would be valuable to

reduce this uncertainty.

The weighted annual baseline rate of progression (12%)

in our study, combining APOE e4 carriers and non-carriers,

was based on the RCT [4]. This rate is similar to the rate

(13%) reported in a recent study among patients seen in a

memory disorder clinic [47]. The same study also reported

a 3% progression rate among a community-based sample.

Although our baseline rate is higher than the rate in the

community setting, we are modeling a scenario of offering

APOE genetic testing to patients at a memory disorder

clinic, which justifies the appropriateness of this higher

rate.

To date, this is the first economic evaluation of genetic

testing in combination with preventive donepezil treatment

in AMCI patients. It would not be appropriate to compare

our results with the results from other economic evalua-

tions of donepezil treatment in AD patients; in our study,

the incremental benefit from the new intervention for

APOE e4 carriers was gained in the ‘‘pre-dementia’’ MCI

state before progression to AD. The only previously pub-

lished economic evaluation of donepezil treatment in MCI

patients did not stratify patients by their APOE e4 carrier

status and only used hypothetical efficacy and utility values

instead of estimates from the published literature [15]. The

results of that evaluation also suggested that preventive

donepezil treatment is less attractive in the absence of a

mechanism to identify and direct therapy to high-risk

individuals.

Our study had several limitations. First, there is limited

evidence on the effectiveness of donepezil treatment in

delaying progression from AMCI to AD among APOE e4

carriers. However, our study showed the framework of

evaluating a targeted therapy in preventing the onset of AD

from MCI, and may be useful when more evidence on

effective targeted therapies in this area appears. Second, we

used surveillance costs for AMCI patients from a German

study of costs associated with MCI in primary care [48].

That study was undertaken using an older patient popula-

tion (average age 81 years) than our starting cohort, and it

was conducted in a different health care system, which

means that certain cost components could potentially have
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differed. However, the impact of any such differences

would be small, since surveillance costs were not a key

driver in the model. Third, we did not model a higher

mortality rate among AD patients who carry APOE e4

alleles, as was observed in one study, because that study

may have had selection biases that limited the generaliz-

ability of the results [49]. However, if a higher mortality

rate does exist for APOE e4 patients with AD, slowing the

progression of AD with testing and early treatment among

this subgroup may be even more favorable than we esti-

mated. Finally, widely accepted and validated criteria for

diagnosing MCI are unavailable. The differences between

this term and other clinical definitions suggested for cog-

nitive dysfunction associated with aging, such as ‘‘cogni-

tive impairment no dementia’’, ‘‘mild cognitive decline’’,

and ‘‘age-associated cognitive decline’’, are not clear [50].

In addition, flexibility in the interpretation of AMCI, in

combination with differences in the mean age of samples

and variability in the diagnostic criteria and method of

recruitment, have resulted in prevalence estimates ranging

from 1% to 26% among elderly participants in epidemi-

ologic studies [51]. Incorrect AMCI diagnoses were not

considered in the model, but a substantial rate of incorrect

diagnoses would increase direct medical costs for testing,

resulting in an increased ICER. We also would not capture

those who are not seen and diagnosed with AMCI before

development of AD, and thus this strategy would not

benefit such patients. More effort may be required in

implementing standard diagnostic criteria and estimating

the frequency of AMCI diagnosis in the elderly population.

In the future, APOE genotypes may be useful in com-

bination with other clinical measures or genetic variations.

Notably, recent genome-wide association studies under-

taken by large genetics consortia reported nine novel AD

loci [52], each of which adds to the risk of dementia later in

life; however, the largest effect on the risk of late-onset AD

is observed for the APOE e4 allele. This information pro-

vides great insight into the cause of AD, since the gene

discovery will contribute to predicting who will develop

AD, which will be important when preventive measures

become available. In addition, recent pharmacogenomic

studies have shown that carriers of some genotypes have

worse responses to conventional anti-dementia drugs [53],

highlighting the potential of targeted therapy in preventing

and treating AD. Although our study is exploratory in

nature, it is the first economic evaluation of pharmacoge-

nomics in delaying the onset of AD, which may offer

insights for future studies evaluating technologies for use

in a similar disease area in light of more evidence of

effective target therapies.

5 Conclusion

Our study was prompted in part by the hypothesis that among

APOE e4 carriers, preventive donepezil treatment could

potentially delay progression from AMCI to AD. Given this

possibility, we created a model to explore genetic testing for

APOE e4 in combination with preventive donepezil treat-

ment for carriers of this allele, using a Canadian context. The

incremental cost effectiveness of this new intervention is

strongly dependent on the effectiveness of preventive do-

nepezil treatment in delaying progression from AMCI to AD

among APOE e4 carriers, for which there is currently limited

evidence. Such data limitations should be kept in mind when

interpreting our exploratory results. As more evidence of

effective targeted therapy in delaying progression to AD

becomes available, the economic evaluation estimates can be

updated with new data.
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