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Abstract
Background: Although diacetylmorphine has
been proven to be more effective than methadone maintenance treatment for opioid
dependence, its direct costs are higher. We
compared the cost-effectiveness of diacetylmorphine and methadone maintenance treatment for chronic opioid dependence refractory to treatment.
Methods: We constructed a semi-Markov
cohort model using data from the North American Opiate Medication Initiative trial, supplemented with administrative data for the province of British Columbia and other published
data, to capture the chronic, recurrent nature
of opioid dependence. We calculated incremental cost-effectiveness ratios to compare
diacetylmorphine and methadone over 1-, 5-,
10-year and lifetime horizons.
Results: Diacetylmorphine was found to be a
dominant strategy over methadone maintenance treatment in each of the time horizons.
Over a lifetime horizon, our model showed that
people receiving methadone gained 7.46 dis-

O

pioid substitution with methadone is the
most common treatment of opioid
dependence.1–3 Participation in a metha done maintenance treatment program has been
associated with decreases in illicit drug use,4
criminality5 and mortality.6,7 However, longitudinal studies have shown that most people who
receive opioid substitution treatment are unable
to abstain from illicit drug use for sustained periods, either switching from treatment to regular
opioid use or continuing to use opioids while in
treatment.8–13 An estimated 15%–25% of the most
marginalized methadone clients do not benefit
from treatment in terms of sustained abstention
from the use of illicit opioids.14
The North American Opiate Medication Initiative was a randomized controlled trial that
compared supervised, medically prescribed
injectable diacetylmorphine and optimized
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counted quality-adjusted life-years (QALYs) on
average (95% credibility interval [CI] 6.91–8.01)
and generated a societal cost of $1.14 million
(95% CI $736 800–$1.78 million). Those who
received diacetylmorphine gained 7.92 discounted QALYs on average (95% CI 7.32–8.53)
and generated a societal cost of $1.10 million
(95% CI $724 100–$1.71 million). Cost savings in
the diacetylmorphine cohort were realized primarily because of reductions in the costs related to criminal activity. Probabilistic sensitivity
analysis showed that the probability of diacetylmorphine being cost-effective at a willingnessto-pay threshold of $0 per QALY gained was
76%; the probability was 95% at a threshold of
$100 000 per QALY gained. Results were confirmed over a range of sensitivity analyses.
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Interpretation: Using mathematical modelling
to extrapolate results from the North American Opiate Medication Initiative, we found
that diacetylmorphine may be more effective
and less costly than methadone among people with chronic opioid dependence refractory
to treatment.

methadone maintenance treatment in people with
long-standing opioid dependence and multiple
failed treatment attempts with methadone or
other forms of treatment.15 The trial was conducted in two Canadian cities (Vancouver,
British Columbia; and Montréal, Quebec). Both
treatment protocols included a comprehensive
range of psychosocial services (e.g., addiction
counselling, relapse prevention, case management, and individual and group interventions)
and primary care services (e.g., testing for bloodborne diseases, provision of HIV treatment, and
treatment of acute and chronic physical and
mental health complications of substance use) in
keeping with Health Canada best practices.16 The
results of the trial confirmed findings of prior
studies showing diacetylmorphine to be more
effective than methadone maintenance treatment
in retaining opioid-dependent patients in treat-
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ment15,17–20 and improving health and social functioning.19,21,22 Diacetylmorphine treatment has
been proposed to reach a specific population of
people with opioid dependence refractory to
treatment who are at high risk of adverse health
consequences and engagement in criminal activities to acquire the illicit drugs.
For guiding policy-makers, the North American Opiate Medication Initiative alone does not
address all the important considerations for decision-making. In addition to political challenges
associated with the therapy,23 there remains concern over the direct cost of diacetylmorphine over
the long term, because it can be as much as 10
times greater than conventional methadone maintenance treatment.21 The North American Opiate
Medication Initiative was only one year in duration, but a policy to introduce diacetylmorphine
might have both positive and negative longerterm implications.
We extrapolated outcomes from the North
American Opiate Medication Initiative to estimate the long-term cost-effectiveness of diacetylmorphine versus methadone maintenance treatment for chronic, refractory opioid dependence.

Methods
Model design
We developed a decision-analytical model to
capture the cycles of treatment, relapse and
abstinence observed in long-term observational
studies of opioid-dependent individuals.8–13 The
model type applied was a semi-Markov cohort
model.24 Because of the chronic, recurrent nature of opioid dependence, we considered time
horizons of 1, 5 and 10 years as well as the lifetime of the hypothetical cohort to project costs
and outcomes over the expected duration of
treatment and its effects. A lifetime horizon ensured that all relevant differences in future outcomes of the treatment alternatives would be
captured.
Outcome measures, including economic costs
(in 2009 Canadian dollars) and quality-adjusted
life-years (QALYs), were assessed from the societal perspective, taking into account costs borne
by the health care and criminal justice systems,
as well as out-of-pocket costs borne by society.
Outcomes were reported on a present-value
basis, with a 5% annual discount rate according
to Canadian guidelines.25 For sensitivity analyses, we considered the perspective of the Ministry of Health, whereby we excluded costs
borne by the criminal justice system and out-ofpocket costs, and we considered the perspective
of the third-party payer, whereby we excluded
out-of-pocket costs. All analyses conformed to
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guidelines on cost-effectiveness analyses conducted alongside clinical trials and economic
modelling.25–27 Analyses were performed using
R Project software (www.r-project.org).
Our primary analysis was based on a hypothetical cohort of patients assigned the baseline characteristics of the participants in the North American Opiate Medication Initiative — assumed to be
representative of the North American population
that diacetylmorphine treatment would reach.
Detailed inclusion and exclusion criteria and baseline characteristics of the study participants have
been published previously.23,28 In brief, at baseline,
the study participants were 25 years or older, with
regular opioid injection, a minimum five-year
history of opioid use, and at least two previous
attempts at substitution treatment for opioid
dependence. The average age of the participants
was 39.7 years, and 61.4% were men. The baseline prevalence of HIV infection was 9.6% and of
hepatitis C virus infection 62.9%.23
Health states in our model29 included treatment
(diacetylmorphine or methadone maintenance
treatment), relapse (defined by opioid use outside
of treatment), abstinence from opioids and death.
Patients in the model belonged to one of two co horts (diacetylmorphine or methadone maintenance treatment), and all patients entered the
model in a treatment state, which was assumed to
be their third attempt at treatment. The dynamics
of the cohort model are shown in Figure 1. A new
treatment cycle was defined as one beginning
each time a patient re-entered treatment through
relapse. Transitions between health states could
occur every 30 days.
Model parameters
Given the unique design of the North American
Opiate Medication Initiative and the breadth of
data collected on participants, we derived model
parameters from the trial data where possible.
When trial data were not available to populate
model parameters, we conducted literature
searches; published data on Canadian cohorts or
local data sources were used preferentially. Further details are provided in Appendix 1 (available at www.cmaj.ca/lookup/suppl/doi:10.1503
/cmaj.110669/-/DC1).
Transitions between states
We estimated the durations of periods of treatment, relapse and abstinence using Weibull
regression models based on trial data from the
North American Opiate Medication Initiative and
supplemented with external data sources; the
probability of transitioning was a function of the
time spent in the respective state.29,30 Subsequent
episodes of treatment and relapse differed in
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duration according to findings from a prior
analysis of an 11-year population-level study of
methadone recipients in British Columbia. 31
After adjusting for a number of individual and
treatment-related factors, the authors found that,
among those who had multiple treatment
episodes, later episodes tended to last longer.
All probabilities of transitions between health
states were conditional on survival. Age- and
sex-specific death rates for the general Canadian
population were used to assign probabilities of

transition to death for HIV-negative individuals
in the abstinence state of the model.32 The estimates of mortality were then multiplied by standardized mortality ratios for untreated opioid
users33 and for those given diacetylmorphine;34
for individuals given methadone, the estimates
were calculated using the relative risk of death in
methadone maintenance treatment versus no
treatment.6 Because direct estimates of mortality
among people with refractory opioid dependence
in methadone maintenance treatment were not
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Abstinence

Methadonej

Allocated to
diacetylmorphine
Cycle no. = 3

Death

Post-diacetylmorphine
methadone1

Diacetylmorphine1

Abstinence

Relapse3

Cycle no. = j
(j = 4 to 6)

Diacetylmorphinej–2

Figure 1: Dynamics of the cohort model. All patients entered the model in a treatment state (diacetylmorphine or methadone maintenance treatment), which was assumed to be their third attempt at treatment of opioid dependence. Patients assigned to the diacetylmorphine cohort could transition to abstinence, relapse, death or methadone treatment (denoted as “post-diacetylmorphine
methadone”). From the methadone or the post-diacetylmorphine methadone state, patients could transition to abstinence, relapse or
death. From the abstinence state, patients could transition to relapse or death. From the relapse state, patients could transition to
death or to a new treatment episode and a new cycle of health states. The probabilities of transitioning from the treatment and
relapse health states differed according to the cycle number.
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available, we used alternative estimates for the
methadone and relapse states in the sensitivity
analyses.35,36
HIV seroconversion
The probability of HIV seroconversion was a
function of treatment status, frequency of heroin
injection, and unprotected sexual contact.37,38 Seroconversion could occur at any stage in the model
and was independent of transitioning between
states of treatment, relapse and abstinence.
Direct and indirect costs
Patients accumulated costs as a result of opioid
substitution treatment, drug treatments for HIV
and hepatitis C virus infection, other health care
use, self-reported criminal activity and criminal
charges within each 30-day period in the simulation model. The costs related to criminal activity
included costs borne by the criminal justice system as well as out-of-pocket costs resulting from
criminal victimization. Fully allocated treatment
costs of methadone and diacetylmorphine, including costs of medication, human resources and
overhead, were sourced from the North American
Opiate Medication Initiative. Costs of drug treatment for HIV and hepatitis C virus infection were
estimated based on the estimated proportion of
infected patients receiving treatment.
On the basis of daily treatment records, participants in the North American Opiate Medication
Initiative were classified as being in treatment
(diacetylmorphine or methadone maintenance
treatment) or in relapse within each month. Estimates of costs related to each health state were
derived from generalized linear mixed-effects
regression models that controlled for age, sex and
HIV status to account for heterogeneity of participants and allowed for changes in costs over time.
We also used treatment-specific regression models
(diacetylmorphine v. methadone maintenance
treatment) to estimate costs. The costs of health
resource use, criminal activity and criminal
charges, although uniformly lower in the diacetylmorphine cohort than in the methadone cohort,
did not differ significantly between the cohorts.
The frequency of other health resource use
and the frequency of crime without criminal
charges (i.e., self-reported crime) were based on
data from the North American Opiate Medication Initiative. Data from provincial court records
were extracted for each trial participant and used
to represent the frequency of criminal charges.
All costs were calculated by multiplying resource use by respective unit costs.
Quality-adjusted life-years
We calculated the number of QALYs gained in
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the treatment and relapse states using estimates
of indirect utility measured by the Euroqol EQ5D39,40 with United States preference weights,41
previously shown to be the appropriate utility
measure for the North American Opiate Medication Initiative study population.42 We calculated
health utility estimates for the methadone maintenance treatment, diacetylmorphine (both treatment-nonspecific and treatment-specific) and
relapse states from trial data using generalized
linear mixed-effects regression.
Incremental cost-effectiveness analysis
and uncertainty analysis
We expressed the comparative value of diacetylmorphine versus methadone maintenance treatment using the incremental cost-effectiveness
ratio, interpreted as the incremental cost per
QALY gained from making diacetylmorphine
available as a treatment for opioid dependence. A
dominant strategy is one whose cost is lower and
effectiveness (measured as QALYs in our analysis) is higher than the comparator’s. Because
the interpretation of negative incremental costeffectiveness ratios is ambiguous,43 these instances
were indicated as “cost-saving” in the presentation of results.
We evaluated the robustness of the results
with changes in model inputs, using probabilistic
and one-way sensitivity analyses. Probabilistic
sensitivity analysis was executed via Monte
Carlo simulation, where parameter estimates
were sampled from probability distributions
described in Table 1. One-way sensitivity analyses were performed to determine the effect of
varying key assumptions and parameters in the
model, including the maximum number of treatment episodes with diacetylmorphine, treatment
retention beyond the initial (third) attempt, patient age at model entry, costs related to criminal
activity during relapse and other alternative
scenarios.

Results
Diacetylmorphine was found to be a dominant
strategy over methadone maintenance treatment
in each time horizon studied (Table 2). Over a
lifetime horizon, people in the methadone cohort
lived 14.54 years on average following entry into
the model, spending 8.79 years (60% of their
remaining life) in treatment and 5.52 years in
relapse. They accumulated 7.46 discounted
QALYs and generated a societal cost of
$1.14 million. People in the diacetylmorphine
cohort lived 15.45 years on average, spending
10.41 years (67% of their remaining life) in
treatment (2.34 years of which was in post-
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Table 1: Estimates for model parameters in cost-effectiveness analysis of diacetylmorphine versus methadone maintenance
treatment for chronic, refractory opioid dependence (part 1 of 2)
Parameter

Estimate

Distribution

Source

Probability of health state transition
Methadone state
λ = 0.114, γ = 0.643

Weibull

BC MMTOS

Multiplier: Episode 4†

0.923 (0.033)

Normal

BC MMTOS

Multiplier: Episode 5

0.965 (0.042)

Normal

Multiplier: Episode 6

0.952 (0.041)

Normal

95.9%

Beta

BC MMTOS

λ = 0.061, γ = 0.761

Weibull

NAOMI

Multiplier: Episode 4‡

0.923 (0.033)

Normal

BC MMTOS

Multiplier: Episode 5

0.965 (0.042)

Normal

Multiplier: Episode 6

Remain in methadone state*

Transition to relapse state
Transition to abstinence state

4.1%

Diacetylmorphine state
Remain in diacetylmorphine state*

0.952 (0.041)

Normal

Transition to relapse state§

37.0%

Dirichlet

Rehm et al.44

Transition to abstinence state

22.4%

Transition to methadone state

40.7%

Relapse state
Remain in relapse state*

λ = 0.091, γ = 0.672

Weibull

BC MMTOS

Multiplier: Episode 4

1.220 (0.048)

Normal

BC MMTOS

Multiplier: Episode 5

1.350 (0.060)

Normal

Multiplier: Episode 6

1.442 (0.056)

Normal

1

Fixed

λ = 0.089, γ = 0.797

Weibull

1

Fixed

See Appendix 1, Table A1

Fixed

Statistics Canada32

1.47 (1.07, 2.01)

Normal

ATCC45

30.063 (3.169)

Normal

Spittal et al.33

Methadone state, relative risk, mean (SD)

0.350 (0.087)

Normal

Caplehorn et al.6

Diacetylmorphine state, standardized mortality
ratio, mean (SD)

9.70 (0.17)

Normal

Rehm et al.34

Treatment state, mean (SD)

0.0028 (0.0010)

Beta

Bayoumi et al.38

Relapse state, mean (SD)

0.0364 (0.0146)

Beta

Abstinence state, mean (SD)

0.0007 (0.0001)

Beta

Methadone or diacetylmorphine state

0.852

MVN

Relapse state

0.750

MVN

NAOMI

See Appendix 1, Table A15

Beta

Johnson et al.46

0.77 (0.19)

Beta

Anis et al.47

329.38 (24.46)

Normal

NAOMI, BC PNET

1415.21 (25.68)

Normal

NAOMI

28.30

Fixed

Wood et al.48 and
Krentz et al.49

673.82

Fixed

Butt et al.50 and BC PNET

Transition to treatment state
Abstinence state
Remain in abstinence state*
Transition to relapse state

Termorshuizen et al.12

Transition to death¶
Abstinence state, HIV negative
Abstinence state, HIV positive, standardized
mortality ratio, mean (SD)
Relapse state, standardized mortality ratio, mean (SD)

HIV seroconversion**

QALYs††

Abstinence state, HIV negative
Abstinence state, HIV positive, mean (SD)

NAOMI

Monthly costs,‡‡ Can$
Drug treatment
Methadone, mean (SD)
Diacetylmorphine, mean (SD)
HIV infection
Hepatitis C virus infection
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Table 1: Estimates for model parameters in cost-effectiveness analysis of diacetylmorphine versus methadone maintenance
treatment for chronic, refractory opioid dependence (part 2 of 2)
Parameter

Estimate

Distribution

Source

Methadone or diacetylmorphine state§§
Health resource utilization, HIV positive

72.10

MVN

NAOMI

Criminal involvement

950.52

MVN

NAOMI

Criminal charges

398.82

MVN

NAOMI

Relapse state§§
Health resource utilization, HIV positive
Criminal involvement
Criminal charges

695.98

MVN

NAOMI

8981.28

MVN

NAOMI

590.05

MVN

NAOMI

Note: ATCC = Antiretroviral Therapy Cohort Collaboration, BC MMTOS = British Columbia Methadone Maintenance Treatment Outcome Study, BC PNET = British
Columbia PharmaNet database, MVN = multivariate normal, NAOMI = North American Opiate Medication Initiative, QALY = quality-adjusted life-year, SD = standard
deviation. Appendix 1 is available at www.cmaj.ca/lookup/suppl/doi:10.1503/cmaj.110669/-/DC1.
*Parameter estimates provided for the time to discontinuation of each health state represent the shape (γ) and scale (λ) parameters of the Weibull distribution.
From estimated survival functions, at 12 months, the probability of remaining in methadone treatment was about 47%, 68% in diacetylmorphine treatment, 62%
in relapse and 52% in abstinence.
36
†Derived from Cox proportional hazards frailty models on successive episodes of treatment and relapse. All multipliers presented are hazard ratios and
corresponding standard errors.
‡Change in duration of successive diacetylmorphine episodes was assumed to be equivalent to change in duration of successive methadone episodes.
§Included transition to methadone state (n = 379) and other treatment (n = 28) among all participants alive at the end of follow-up and not lost to follow-up (n = 1001).
¶Sex-specific estimates used in the model for HIV-negative individuals in the abstinence state are presented in Appendix Table A7. For monthly probabilities of death in
the abstinence–HIV positive, diacetylmorphine and relapse states, we multiplied base probabilities by state-specific standardized mortality ratios; for monthly
probabilities of death in the methadone state, we multiplied the base probabilities by standardized mortality ratios and relative risks.
**Calculations and specific references for state-specific HIV seroconversion are shown in Appendix Table A5.
††Calculations are shown in section A2.3 in Appendix Tables A13–A16.
‡‡Calculations are shown in section A2.2 in Appendix Tables A8–A14.
§§For all costs related to health resource use, criminal involvement and criminal charges, trial-based data on utilization/frequency of events was multiplied by unit
costs from several sources, detailed in Appendix Table A8. Presented state-specific costs are estimated mean values, given the mean age, HIV status and sex mix of
participants in the NAOMI study. Costs were a function of each of these parameters in the cohort simulation model.

Table 2: Estimated cost-effectiveness of diacetylmorphine compared with methadone in the treatment of chronic, refractory opioid
dependence
Cost component, % of total
Health
resources
utilization

Criminal
activity and
charges

QALYs,
mean (95% CI)

Cost, Can$ × 1000,
mean (95% CI)

Treatment

Diacetylmorphine

85.9 (63.8–116.7)

17.7

4.2

78.1

0.86 (0.83–0.90)

Methadone

87.7 (63.9–119.8)

3.7

6.5

89.8

0.85 (0.81–0.89)

Diacetylmorphine

387.7 (293.4–511.6)

12.3

8.2

79.5

3.43 (3.26–3.59)

Methadone

418.3 (297.0–579.0)

2.5

11.2

86.2

3.32 (3.14–3.47)

Diacetylmorphine

696.0 (504.9–960.0)

10.4

11.1

78.5

5.61 (5.29–5.90)

Methadone

743.8 (515.1–1059.7)

2.3

14.0

83.8

5.39 (5.08–5.67)

Diacetylmorphine

1096.1 (724.1–1707.2)

9.3

14.1

76.7

7.92 (7.32–8.53)

Methadone

1137.6 (736.8–1776.5)

2.1

16.7

81.2

7.46 (6.91–8.01)

Time horizon;
treatment

Incremental
cost-effectiveness ratio,
Can$ × 1000 per QALY
gained, mean (95% CI)

1 year
CS (CS–485.8)

5 years
CS (CS–103.4)

10 years
CS (CS–78.2)

Lifetime
CS (CS–122.3)

Note: CI = credibility interval, CS = cost-saving, QALY = quality-adjusted life-year.

diacetylmorphine methadone treatment) and 4.05
years in relapse. They accumulated 7.92 discounted QALYs and generated a societal cost of
$1.10 million. Based on these findings in the
baseline model, over a lifetime horizon the pro-
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vision of diacetylmorphine in the hypothetical
cohort provided greater incremental health benefits and reduced the total costs to society compared with methadone maintenance treatment.
Probabilistic sensitivity analysis found di-

Research

Sensitivity analyses
We performed sensitivity analyses of the costs
of criminal activity during relapse, and the time
to discontinuation of diacetylmorphine treatment, to determine the threshold at which
the decision to fund treatment changes. For
diacetylmorphine to be deemed not costeffective at a threshold of $100 000 per QALY
gained, the costs of criminal activity during
relapse would have to be nearly 60% lower than
the costs used in the baseline model (Figure 3).
Conversely, an increase in these costs increased
the increment in total costs accrued by the
methadone cohort versus the diacetylmorphine
cohort because of the greater time spent in
relapse in the methadone cohort. Decreasing the
estimated time in diacetylmorphine treatment
was associated with increased costs and de creased QALYs (Figure 4A). However, given
that participants in the North American Opiate
Medication Initiative who received diacetylmorphine had a greater probability of achieving a
better outcome (i.e., not relapsing) following
discontinuation of treatment than participants in
the methadone cohort had, at least a 60%
decrease in the duration of diacetylmorphine
treatment episodes would be required before the
diacetylmorphine cohort gained fewer QALYs
than the methadone cohort (Figure 4B).
Diacetylmorphine remained cost-saving in virtually all of the other sensitivity analyses (Table 3
and Appendix 1). From a Ministry of Health perspective (in which crime-related costs and out-ofpocket costs were excluded), diacetylmorphine
was no longer cost-saving, but it remained costeffective at an incremental cost-effectiveness ratio
of $85 600 per QALY gained (Table 3).

Interpretation
Using mathematical modelling to extrapolate
results from the North American Opiate Medication Initiative, we found that diacetylmorphine
may be more effective and less costly than
methadone maintenance treatment for chronic,
refractory opioid dependence. The baseline
1.0

Probability of being
cost-effective

0.9
0.8
0.7
0.6
Diacetylmorphine
Methadone

0.5
0.4
0.3
0.2
0.1
0.0
0

25
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125
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175

200

Maximum willingness to pay
per QALY gained, $ thousands
Figure 2: Cost-effectiveness acceptability curve for the lifetime horizon, plotting
the probability that either treatment strategy (diacetylmorphine or methadone)
would be cost-effective for a range of threshold values of societal willingness to
pay to gain one quality-adjusted life-year (QALY). The probability of diacetylmorphine being cost-effective at a threshold of $0 per QALY gained (costsaving) is 76%. At a societal willingness to pay of $100 000 per QALY gained,
diacetylmorphine is the cost-effective treatment option with 95% certainty,
whereas methadone is the cost-effective treatment option with 5% certainty.

500

Incremental cost-effectiveness
ratio, $ thousands

acetylmorphine to be the preferred treatment
option for short- and longer-time horizons and a
wide range of threshold values of societal willingness to pay (Figure 2 shows the findings
for the lifetime horizon). Small differences in
QALYs gained after one year led to large credibility intervals on incremental cost-effectiveness
ratios on a one-year time horizon.
The costs of drug treatment comprised a
larger percentage of overall costs in the diacetylmorphine cohort than in the methadone cohort
(Table 2). The percentage decreased with longer
time horizons. The component of overall costs
attributed to health resource utilization increased
over time in both cohorts. The costs related to
criminal activity formed the largest component
by a wide margin in both cohorts, accounting for
77% of overall costs in the diacetylmorphine
cohort and 81% in the methadone cohort over a
lifetime horizon.

400
300
200
100
0
–100
–200
–300
–400
–500
–90 –80 –70 –60 –50 –40 –30 –20 –10

0

10

20

30

Change in cost from base model, %
Figure 3: One-way sensitivity analysis of the effect of changes in the monthly
costs related to criminal activity during relapse from values used in the baseline model on the incremental cost-effectiveness ratio of diacetylmorphine versus methadone maintenance treatment. A decrease in monthly costs of about
20%, applied to both treatment strategies, would result in an incremental costeffectiveness ratio greater than zero (higher costs and higher quality-adjusted
life-years) for diacetylmorphine v. methadone.
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model indicated that diacetylmorphine would
decrease societal costs, largely by reducing costs
associated with crime, and would increase both
the duration and quality of life of treatment
recipients. Because opioid users commit less
crime and have lower rates of health care use and
death while in treatment,7,51,52 the benefits in cost
and health utility attributable to diacetylmorphine stemmed chiefly from its capacity to retain
patients in treatment for longer periods than with
methadone maintenance treatment.
From a societal perspective, diacetylmorphine
was estimated to be cost-effective for a wide
range of values of societal willingness to pay. We
also presented the narrower perspective of the

Difference in costs, $ thousands

A
20
10
0
–10
–20
–30
–40
–50
–90 –80 –70 –60 –50 –40 –30 –20 –10

0

10

20

30

Change in duration of diacetylmorphine
treatment episodes from base model, %

B
0.8

Difference in QALYs

0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0
–0.1
–0.2
–0.3
–0.4
–0.5
–90 –80 –70 –60 –50 –40 –30 –20 –10

0

10

20

30

Change in duration of diacetylmorphine
treatment episodes from base model, %
Figure 4: One-way sensitivity analyses of the effect of changes in the duration
of diacetylmorphine treatment episodes from values used in the baseline
model (deterministic analysis) on (A) costs of diacetylmorphine (v. methadone)
treatment and (B) quality-adjusted life-years (QALYs). Use of the average duration of a diacetylmorphine treatment episode in the baseline model resulted in
an incremental cost of about −$32 000 and 0.47 incremental QALYs. Decreasing
the average duration of treatment by 30% would result in diminished incremental costs (from −$32 000 to −$20 000) and diminished incremental QALYs
(from 0.47 to 0.28).
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Ministry of Health (exclusion of costs related to
criminal activity and out-of-pocket costs). However, decision-making based only on this perspective is akin to a silo-based approach to allocating government funds and is biased against
health innovations that provide benefits beyond
the scope of the health care system.
Our results on the cost-effectiveness of
diacetylmorphine are consistent with those of an
economic analysis based on data from two Dutch
heroin-assisted treatment trials,21 despite differences in the design of the Dutch trials and the
North American Opiate Medication Initiative,
and the time horizon and analytic design of the
economic analyses.
The Dutch trials compared methadone maintenance treatment with a combination of metha done and diacetylmorphine (prescribed concurrently), which changed the profiles of health
utility and health resource use. Furthermore, participants in the Dutch trials were recruited from
methadone maintenance programs, whereas participants in the North American Opiate Medication Initiative had to have been out of treatment
for at least six months before trial entry. We considered a range of time horizons, using external
parameters where necessary to extrapolate results to longer time horizons. The other economic analysis used trial data exclusively and
focused only on a 12-month study period. The
consistency in results between our analysis and
the analysis of the Dutch trials appears to be due
primarily to the advantages diacetylmorphine
provides in retaining individuals in treatment.
We believe a lifetime horizon is the most
appropriate period for evaluating treatments of
chronic, recurrent diseases such as opioid dependence, because treatment is available indefinitely
in practice and will have a long-term impact. The
key outcomes, such as progressing to a drug-free
state or death, would likely not be realized within
the 12-month period of the North American Opiate Medication Initiative.
Limitations
Our study was not without limitations. First,
data on opioid users reaching state of abstinence
were scarce, as were data on the long-term patterns of treatment and relapse among those
receiving diacetylmorphine. For the former,
results were not sensitive to differences in
assumptions on health utility valuations for individuals reaching a state of abstinence. For the
latter, results were presented at short- and
longer-time horizons, and extensive sensitivity
analyses confirmed the robustness of the results
from the baseline model.
Second, the cost of incarceration as a result of
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Table 3: Results of sensitivity analyses of the cost-effectiveness of diacetylmorphine compared with methadone in the treatment of
refractory opioid dependence over a lifetime horizon (part 1 of 2)
Cost component, % total
Criminal
activity and
charges

QALYs,
mean (95% CI)

Incremental
cost-effectiveness ratio,
Can$ × 1000 per QALY
gained, mean (95% CI)

CS (CS–129.9)

Cost, Can$ × 1000,
mean (95% CI)

Treatment

Health
resources
utilization

Diacetylmorphine

971.5 (642.1–1489.9)

10.5

15.7

73.8

7.92 (7.32–8.53)

Methadone

993.6 (635.6–1546.3)

2.4

18.9

78.7

7.46 (6.91–8.01)

Diacetylmorphine

247.6 (170.8–401.9)

41.1

58.9

–

7.92 (7.32–8.53)

Methadone

208.0 (113.9–386.3)

12.1

87.9

–

7.46 (6.91–8.01)

Diacetylmorphine

1112.9 (727.2–1743.0)

5.9

15.3

78.8

7.71 (7.15–8.26)

Methadone

1137.6 (736.8–1776.5)

2.1

16.7

81.2

7.46 (6.91–8.01)

Diacetylmorphine

1105.3 (730.7–1732.7)

8.8

14.5

76.7

7.81 (7.21–8.43)

Methadone

1155.4 (748.2–1825.0)

1.9

17.3

80.8

7.29 (6.77–7.81)

Diacetylmorphine

1018.7 (673.4–1629.1)

13.0

10.8

76.1

8.58 (7.87–9.29)

Methadone

1042.6 (664.1–1678.3)

3.1

14.0

82.9

8.18 (7.32–9.09)

Analysis; treatment
Third-party payer perspective*

Ministry of Health
perspective†
85.6 (CS–363.1)

Diacetylmorphine not
available after initial relapse
CS (CS–95.9)

Assumed no change in lengths
of treatment/relapse episodes
after first cycle
CS (CS–105.6)

Time to discontinuation of
relapse for diacetylmorphine
from NAOMI trial data
CS (CS–847.5)

Time to discontinuation of
post-diacetylmorphine methadone for
diacetylmorphine from NAOMI trial data
Diacetylmorphine

1113.3 (739.7–1728.5)

9.2

14.6

76.2

7.79 (7.18–8.40)

Methadone

1172.9 (759.1–1864.5)

1.7

17.7

80.6

7.19 (6.68–7.71)

CS (CS–106.7)

Exponential distributions set for
time to discontinuation curves
Diacetylmorphine

1103.5 (728.7–1712.1)

7.9

15.2

76.9

7.77 (7.14–8.44)

Methadone

1145.5 (737.8–1812.3)

2.0

17.1

80.9

7.38 (6.78–8.06)

Diacetylmorphine

1017.9 (652.7–1624.6)

10.0

7.3

82.7

7.94 (7.33–8.54)

Methadone

1039.3 (647.1–1692.6)

2.3

8.6

89.1

7.46 (6.91–8.02)

Diacetylmorphine

1802.9 (1114.6–3040.9)

8.6

15.8

75.5

12.16 (11.04–13.37)

Methadone

1837.5 (1128.1–3112.3)

2.0

18.3

79.7

11.29 (10.27–12.37)

Diacetylmorphine

1317.7 (850.0–2116.7)

9.0

14.7

76.2

9.28 (8.52–10.07)

Methadone

1358.9 (863.6–2191.4)

2.1

17.3

80.6

8.69 (8.00–9.41)

CS (CS–330.7)

Probability of HIV
seroconversion set to zero
CS (CS–147.1)

Discount rate 0%
CS (CS–223.4)

Discount rate 3%
CS (CS–143.1)

Equalize mortality in methadone
state to mortality in diacetylmorphine
state (using diacetylmorphine
estimates)
Diacetylmorphine

1091.2 (721.5–1703.7)

9.3

14.1

76.6

7.89 (7.29–8.53)

Methadone

1118.1 (724.7–1758.9)

2.1

16.7

81.2

7.35 (6.86–7.87)

Diacetylmorphine

941.2 (640.8–1435.4)

10.3

13.5

76.2

7.33 (6.65–8.01)

Methadone

904.2 (604.4–1377.4)

2.4

16.2

81.4

6.50 (6.09–6.90)

CS (CS–115.4)

Mortality estimates from
36
Grönbladh et al.
44.8 (CS–146.6)
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Table 3: Results of sensitivity analyses of the cost-effectiveness of diacetylmorphine compared with methadone in the treatment of
refractory opioid dependence over a lifetime horizon (part 2 of 2)
Cost component, % total
Cost, Can$ × 1000,
mean (95% CI)

Analysis; treatment

Treatment

Health
resources
utilization

Criminal
activity and
charges

QALYs,
mean (95% CI)

Incremental
cost-effectiveness ratio,
Can$ × 1000 per QALY
gained, mean (95% CI)

CS (CS–123.1)

Treatment starting age 30 yr
Diacetylmorphine

1292.7 (966.5–1736.6)

9.5

13.1

77.4

10.27 (9.69–10.85)

Methadone

1345.1 (965.5–1852.2)

2.2

15.3

82.5

9.83 (9.27–10.38)

Diacetylmorphine

840.7 (421.7–1653.9)

9.4

15.1

75.4

5.37 (4.82–5.94)

Methadone

864.3 (420.4–1754.2)

2.1

18.3

79.6

4.92 (4.40–5.46)

Diacetylmorphine

1109.3 (712.1–1754.0)

9.3

13.1

77.6

7.99 (7.41–8.60)

Methadone

1229.2 (790.0–1838.1)

2.0

15.8

82.2

7.38 (6.81–7.98)

Diacetylmorphine

1096.1 (724.1–1707.2)

9.3

14.1

76.7

7.90 (7.28–8.52)

Methadone

1137.6 (736.8–1776.5)

2.1

16.7

81.2

7.46 (6.90–8.01)

Treatment starting age 50 yr
CS (CS–148.3)

Treatment-specific cost
and utilities
CS (CS–417.3)

No improvement in healthrelated quality of life from
treatment to abstinence
CS (CS–131.3)

Note: CI = credibility interval, CS = cost saving, NAOMI = North American Opiate Medication Initiative, QALY = quality-adjusted life-year.
*Third-party payer perspective includes costs borne by the health care and criminal justice systems but excludes out-of-pocket costs borne by society.
†Ministry of Health perspective includes only costs incurred by the health care system.

crimes committed was not modelled explicitly,
because uncertainty on the probability of incarceration and delays in adjudication and sentencing made attribution of these costs to specific
health states in the timeframe of the North American Opiate Medication Initiative impossible
without strong assumptions. Because rates of
crime with and without charges were higher
among participants during relapse than during
other health states, and because the methadone
cohort spent proportionately more time in relapse, omitting these costs favoured methadone
maintenance treatment.
Third, because of a high baseline prevalence
of hepatitis C virus infection and a paucity of
data on which to base time-variant estimates of
costs and consequences associated with this condition, we did not model hepatitis C seroconversion explicitly. The costs and QALY losses associated with transmission of HIV and hepatitis C
virus from infected individuals to the broader
population were also not modelled explicitly.
Because the probability of seroconversion and
transmission of either disease is higher during
periods of relapse, these omissions underestimate the incremental cost savings and QALYs
gained with diacetylmorphine.
Finally, gains in productivity were not incorporated into our study, because employment outcomes in the North American Opiate Medication
Initiative did not show any significant changes in
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either treatment arm (unemployment rate 71.2%
at baseline and 71.7% at 12 months).
Conclusion
Using mathematical modelling to extrapolate
results from the North American Opiate Medication Initiative, we found that a treatment strategy
featuring diacetylmorphine may be more effective
and less costly than methadone maintenance treatment among people with chronic opioid dependence refractory to treatment. Our model indicated that diacetylmorphine would decrease
societal costs, largely by reducing costs associated
with crime, and would increase both the duration
and quality of life of treatment recipients.
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