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ABSTRACT

BACKGROUND
Studies in Europe have suggested that injectable diacetylmorphine, the active ingredi-
ent in heroin, can be an effective adjunctive treatment for chronic, relapsing opioid
dependence.

METHODS
In an open-label, phase 3, randomized, controlled trial in Canada, we compared
injectable diacetylmorphine with oral methadone maintenance therapy in patients
with opioid dependence that was refractory to treatment. Long-term users of inject-
able heroin who had not benefited from at least two previous attempts at treatment
for addiction (including at least one methadone treatment) were randomly assigned
to receive methadone (111 patients) or diacetylmorphine (115 patients). The primary
outcomes, assessed at 12 months, were retention in addiction treatment or drug-
free status and a reduction in illicit-drug use or other illegal activity according to
the European Addiction Severity Index.

RESULTS
The primary outcomes were determined in 95.2% of the participants. On the basis
of an intention-to-treat analysis, the rate of retention in addiction treatment in the
diacetylmorphine group was 87.8%, as compared with 54.1% in the methadone group
(rate ratio for retention, 1.62; 95% confidence interval [CI], 1.35 to 1.95; P<0.001).
The reduction in rates of illicit-drug use or other illegal activity was 67.0% in the
diacetylmorphine group and 47.7% in the methadone group (rate ratio, 1.40; 95% CI,
1.11 to 1.77; P=0.004). The most common serious adverse events associated with di-
acetylmorphine injections were overdoses (in 10 patients) and seizures (in 6 patients).

CONCLUSIONS
Injectable diacetylmorphine was more effective than oral methadone. Because of a
risk of overdoses and seizures, diacetylmorphine maintenance therapy should be deliv-
ered in settings where prompt medical intervention is available. (ClinicalTrials.gov
number, NCT00175357.)

N ENGL) MED 361;8 NEJM.ORG AUGUST 20, 2009

From the School of Population and Pub-
lic Health, University of British Columbia
(E.O.-)., D.C.M., A.A,, M.T.S.); the Centre
for Health Evaluation and Outcome Sci-
ences, Providence Health Care (E.O.-).,
D.C.M., D.G,, A.A,, M.T.S.); and Vancou-
ver Coastal Health (D.C.M.) — all in Van-
couver, BC, Canada; and the Centre de
Recherche de I'Université de Montréal
(S.B., P.L.) and the Centre de Recherche
et Aide aux Narcomanes (P.L.) — both in
Montreal. Address reprint requests to Dr.
Schechter at the University of British Co-
lumbia School of Population and Public
Health, 5804 Fairview Ave., Vancouver, BC
V6T 173, Canada, or at martin.schechter@
ubc.ca.

N Engl) Med 2009;361:777-86.
Copyright © 2009 Massachusetts Medical Society.

777

Downloaded from www.nejm.org on August 26, 2009 . Copyright © 2009 Massachusetts Medical Society. All rights reserved.



778

The NEW ENGLAND JOURNAL of MEDICINE

PIOID DEPENDENCE, MOST COMMONLY
manifested as heroin dependence, is a
chronic relapsing condition? that is esti-
mated to affect more than 1 million persons in
North America.>3 The risks of opioid dependence
include fatal overdoses, infections (including en-
docarditis, human immunodeficiency virus infec-
tion, and hepatitis C virus infection), social dis-
integration, violence, and crime. The associated
burdens on communities include medical, public
health, and criminal-justice costs as well as pub-
lic disorder and crimes against property.
Methadone, the standard opioid-substitution
treatment, has been shown to reduce major risks
associated with untreated opioid dependence in
patients who are willing to undergo and are suc-
cessfully retained in treatment.*° However, 15 to
25% of the most adversely affected persons do not
have a good response to this treatment.” Such
persons are either not retained in methadone
maintenance treatment for very long or continue
to use illicit opioids while in treatment.®° Euro-
pean studies have suggested that injectable di-
acetylmorphine, the active ingredient in heroin,
can be an effective adjunctive maintenance treat-
ment for such persons.'®13 To investigate this
possibility in North America, we conducted a ran-
domized, controlled trial comparing injectable
diacetylmorphine with oral methadone. Because
of financial and logistical barriers in the United
States, the trial could be conducted only in
Canada.

METHODS

STUDY DESIGN, SETTING, AND PARTICIPANTS

The North American Opiate Medication Initiative
(NAOMI) was an open-label, phase 3, randomized,
controlled trial conducted in Montreal, Quebec,
and Vancouver, British Columbia, from March 2005
through July 2008. Inclusion criteria consisted of
opioid dependence (meeting three or more of sev-
en criteria listed in the Diagnostic and Statistical
Manual of Mental Disorders, fourth edition,** includ-
ing tolerance or withdrawal), an age of 25 years
or older, opioid use for at least 5 years, daily opioid
injection, and no change in city of residence for
at least 1 year. Participants must have had a min-
imum of two previous treatments for opioid de-
pendence, including at least one attempt at meth-
adone maintenance treatment in which they
received 60 mg or more of methadone daily for at

least 30 days during a 40-day period. Also, par-
ticipants could not have been enrolled in metha-
done maintenance treatment within the previous
6 months. Exclusion criteria were severe medical
or psychiatric conditions that are contraindications
for diacetylmorphine, pregnancy, and involvement
in the criminal justice system that could have re-
sulted in extended incarceration during the study
period.

RANDOMIZATION
A computer-generated randomization list of per-
muted blocks of two, four, and six was used. Pa-
tients were assigned to receive diacetylmorphine,
methadone, or hydromorphone in a 45:45:10 ratio.
Randomization was stratified according to center
and according to the number of previous metha-
done treatments (two or fewer vs. three or more).
Eligible participants were instructed to go to the
treatment clinic on the following Monday morn-
ing, at which time they were first informed of their
treatment assignment.

INTERVENTIONS
A total of 111 participants were randomly assigned
to receive oral methadone, and 115 participants
were randomly assigned to receive injectable di-
acetylmorphine (diacetylmorphine hydrochloride,
DiaMo Narcotics). In addition, 25 participants were
randomly assigned to receive injectable hydromor-
phone instead of diacetylmorphine, for validation
of the self-reported use of illicit heroin by means
of urine testing. The investigators and participants
were aware of whether the assigned study drug
was oral methadone or one of the injectable drugs,
but diacetylmorphine and hydromorphone were
administered in a double-blind fashion. The in-
jectable medications were self-administered under
supervision in the treatment clinics up to three
times daily, with a maximum daily dose of 1000 mg
of diacetylmorphine. Patients receiving injectable
medications could at any time switch partially or
totally to oral methadone if such a switch was
deemed appropriate by the patient and his or her
physician. Methadone dosages and delivery were
based on best practices and current clinical prac-
tice guidelines.*> Methadone was dispensed at the
study clinic (in Vancouver only), other clinics, or
community pharmacies on a daily basis. All pa-
tients were offered a comprehensive range of psy-
chosocial and primary care services in keeping
with Health Canada best practices.*> Study treat-

N ENGL) MED 361;8 NEJM.ORG AUGUST 20, 2009

Downloaded from www.nejm.org on August 26, 2009 . Copyright © 2009 Massachusetts Medical Society. All rights reserved.



DIACETYLMORPHINE VS. METHADONE FOR OPIOID ADDICTION

ments were provided for 12 months, followed by
a 3-month period during which injectable drugs
were tapered in participants who were still receiv-
ing them, and treatment in these patients was
switched to conventional therapies such as meth-
adone. The study followed Good Clinical Practice
guidelines®® and was approved by the Therapeu-
tic Products Directorate of Health Canada and by
the institutional review board at each site. All par-
ticipants provided written informed consent.

OUTCOME MEASURES
Evaluations were performed at baseline and at
3, 6,9, and 12 months at a separate research of-
fice that operated independently from the treat-
ment clinic in each city. The first primary out-
come was retention in addiction treatment at 12
months (defined as receipt of the study medica-
tion on at least 10 of the 14 days before the
12-month assessment, or confirmation of reten-
tion in any other treatment program or abstinence
from opioids during this interval). Retention was
assessed with the use of detailed data on daily
prescription-drug use and, when possible, with
the use of administrative data and pharmacy and
physician records. The second primary outcome
was reduction in illicit-drug use or other illegal
activities. On the basis of composite scores on
the European Addiction Severity Index'” (see the
Supplementary Appendix, available with the full
text of this article at NEJM.org), patients were
considered to have a response at 12 months if
they had an improvement of at least 20% from
the baseline score for illicit-drug use or legal sta-
tus (or both). In addition, to rule out deteriora-
tion in other variables, a patient with a response
could have a decrease of 10% or more on at most
one of the remaining composite scores. All par-
ticipants lost to follow-up were considered not to
have been retained in treatment and not to have
had a response.

To ensure safety, participants who received in-
jectable medication were assessed for 15 minutes
before and 30 minutes after the injection period
at every visit. Serious adverse events pertain to the
12-month treatment period and the 3-month tran-
sition period (see the Supplementary Appendix for
additional details).

STATISTICAL ANALYSIS
Sample-size requirements for the study were cal-
culated on the basis of the two primary outcomes,
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each at a two-sided 2.5% type I error rate. We de-
termined that 114 patients per group would yield
80% power to detect prespecified absolute increas-
es of 20 percentage points in outcome rates in the
diacetylmorphine group as compared with the
methadone group, with assumed rates in the lat-
ter group ranging from 25% to 50%.

Retention and response rates were calculated
on an intention-to-treat basis and compared with
the use of a two-sample test of proportions (chi-
square test). Rate ratios and 95% confidence in-
tervals were calculated for both primary outcomes.
Logistic-regression models were used to com-
pare subgroups (i.e., the Vancouver group vs. the
Montreal group). Analysis of covariance of the
treatment effect, with adjustment for baseline
measures, was used for secondary analyses of con-
tinuous data. There were no interim analyses. All
reported P values are two-sided and not adjusted
for multiple testing.

RESULTS

PATIENTS
Of the 581 patients who were eligible for screen-
ing (Fig. 1), a total of 251 provided written in-
formed consent and were randomly assigned to
treatment. A total of 111 patients received oral
methadone (44.2%), 115 patients received inject-
able diacetylmorphine (45.8%), and 25 patients
received injectable hydromorphone (10.0%). We
obtained 12-month retention data on 245 of 251
participants (97.6%) and response data on 240 of
251 participants (95.6%). The baseline character-
istics of the groups were similar (Table 1). The
severity of the opioid dependence in enrolled pa-
tients was indicated by long histories of inject-
able drug use, extensive involvement in criminal
activity, and multiple attempts at treatment.

DOSAGE
Overall, patients received diacetylmorphine a me-
dian of 2 times per day (interquartile range, 2 to 3)
and collectively received a total of 89,924 diacetyl-
morphine injections. After excluding each par-
ticipant’s initial 90 days of dose adjustment, the
average daily dose of diacetylmorphine received
was 392.3 mg when the drug was prescribed alone.
Patients who were prescribed methadone mainte-
nance treatment alone in NAOMI received a mean
daily dose 0f 96.0 mg. For the 30 patients who were
prescribed diacetylmorphine with methadone at
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581 Patients were assessed for eligibility

330 Were excluded
229 Did not meet inclusion criteria

101 Dropped out of screening process

251 Underwent randomization

111 Were assigned to receive
oral methadone

115 Were assigned to receive
injectable diacetylmorphine

66 Discontinued intervention
44 Dropped out
1 Had treatment discontinued
because of behavior
1 Died
1 Was jailed
17 Switched to methadone
outside study
2 Had abstinence verified
5 Had no retention data at 12 mo
3 Withdrew consent
1 Died
1 Was lost to follow-up
7 Had no response data at 12 mo
3 Withdrew consent
1 Died
2 Missed visit
1 Was lost to follow-up

38 Discontinued intervention
6 Dropped out
17 Had treatment discontinued
because of behavior
11 Were switched to
NAOMI methadone
1 Was jailed
1 Was hospitalized
13 Switched voluntarily to
NAOMI methadone
1 Had no retention data at 12 mo
(withdrew consent)
4 Had no response data at 12 mo
1 Withdrew consent
2 Missed visit
1 Was lost to follow-up

'

to-treat analysis
106 Had retention data available
104 Had response data available

111 Were included in the intention-

115 Were included in the intention-
to-treat analysis

114 Had retention data available

111 Had response data available

25 Were assigned to receive
injectable hydromorphone

7 Discontinued intervention
2 Dropped out
2 Had treatment discontinued
because of behavior
1 Was switched to NAOMI
methadone
3 Switched voluntarily to
methadone
25 Had retention and response
data available

Figure 1. Randomization, Treatment, and Outcomes.

Behaviors that led to discontinuation of treatment were attempts to take the drug out of the clinic, threats, or intimidation. NAOMI de-

notes North American Opiate Medication Initiative.
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some point during treatment (median number of
days, 210; interquartile range, 113 to 262), the
mean daily dose of diacetylmorphine was 365.5
mg and the mean daily dose of methadone was
34.0 mg.

PRIMARY OUTCOMES
For the outcome of a reduction in illicit-drug use
or other illegal activities, 67.0% of the patients in
the diacetylmorphine group were classified as hav-

ing a response, as compared with 47.7% of pa-
tients in the methadone group (rate ratio, 1.40; 95%
confidence interval [CI], 1.11 to 1.77; P=0.004)
(Table 2). The rate of retention in treatment for ad-
diction in the diacetylmorphine group was 87.8%,
as compared with 54.1% in the methadone group
(rate ratio, 1.62; 95% CI, 1.35 to 1.95; P<0.001).
Of the patients assigned to diacetylmorphine, 23
(20.0%) switched to methadone. Neither primary
outcome showed significant treatment-by-center
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Table 1. Baseline Characteristics of the Patients.*

Variable
Sociodemographic characteristics
City — no. (%)
Montreal
Vancouver
Age —yr
Male sex — no. (%)
Aboriginal descent — no. (%)

School education — yr

no. (%)

Charged in lifetime for any crime — no. (%)

no. (%)
Health
Chronic medical problem — no. (%)
HCV-positive — no. (%) 1
HIV-positive — no. (%)

Previous drug treatments — no.

Drug use

Duration of injection-drug use — yr

Use of illicit drugs during previous mo — no. of days
Heroini
Opioidsi:
Cocaine powderi:

“Crack” cocaine§

Homeless or living in shelter or single-occupancy hotel room —

lllegal activities other than illicit-drug use in previous mo —

Previous attempts at methadone maintenance treatment — no.

Methadone  Diacetylmorphine Hydromorphone
(N=111) (N=115) (N=25)
26 (23.4) 27 (23.5) 6 (24.0)
85 (76.6) 88 (76.5) 19 (76.0)
39.3+9.4 39.7+7.6 41.6+8.8
65 (58.6) 73 (63.5) 16 (64.0)
28 (25.2) 25 (21.7) 7 (28.0)
11.0+2.2 10.8+2.6 11.2+2.7
80 (72.1) 88 (76.5) 15 (60.0)

103 (92.8) 110 (95.7) 24 (96.0)
81 (73.0) 87 (75.7) 17 (68.0)
56 (50.5) 64 (55.7) 14 (56.0)
69 (62.2) 74 (64.3) 15 (60.0)

12 (10.8) 11 (9.6) 1 (4.0)
11.2+12.7 11.4+10.7 9.0+6.7
3.2£2.0 3.2+1.8 2.8+0.9
16.3+10.3 16.19.4 19.19.8
27.4+5.7 26.6+7.3 26.3+8.4
7.4+10.5 9.5+11.5 9.9+11.8
4.1+7.7 5.4+9.7 7.1+10.0
12.7+13.3 15.1+13.2 8.5+10.3

Total
(N=251)

59 (23.5)
192 (76.5)
39.7+8.6
154 (61.4)
60 (23.9)
10.9+2.4
183 (72.9)

237 (94.4)
185 (73.7)

134 (53.4)
158 (62.9)
24 (9.6)
11.1x11.4
32418

16.5+9.8

26.9+6.8
8.6x11.1
5.0+8.9

13.4£13.1

* Plus—minus values are means +SD. HCV denotes hepatitis C virus, and HIV human immunodeficiency virus.

T These infections were self-reported.
i More than 95% of this drug was injected.
§ More than 95% of this drug was smoked.

interaction. Retention and response rates among
patients in the hydromorphone group were 88%
and 64%, respectively.

INDIVIDUAL SCORES IN THE NINE DOMAINS

OF THE RESPONSE OUTCOME

The composite scores for drug use and for illegal
activities according to the European Addiction
Severity Index improved in both groups (Table 3).
The diacetylmorphine group had significant im-
provement in six of the seven remaining subscales,
as compared with improvement in two subscales

N ENGL J MED 361;8

in the methadone group. After adjustment for base-
line values, the scores in the diacetylmorphine
group improved significantly more than the scores
in the methadone group in four of the composite
scores, including that for drug use.

USE OF ILLICIT OPIOIDS AND COCAINE

The mean number of days of use of illicit heroin
in the previous month decreased from 26.6 to 5.3
in the diacetylmorphine group and from 27.4 to
12.0 in the methadone group (P<0.001). The num-
ber of days of cocaine use did not change signifi-
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Table 2. Primary Outcomes at 12 Months.*

Methadone
Variable (N=111) (N=115)

Reduction in illicit-drug use or other illegal 53 (47.7) 77 (67.0) 1.40 (1.11-1.77) 0.004
activities

Reduction in illicit-drug use alone 15 (13.5) 26 (22.6)

Reduction in other illegal activities alone 6 (5.4) 1(0.9)

Reduction in both illicit-drug use and other 32 (28.8) 50 (43.5)
illegal activities

Retention in addiction treatment 60 (54.1) 101 (87.8) 1.62 (1.35-1.95) <0.001

NAOMI diacetylmorphine NA 77 (67.0)

NAOMI methadone maintenance treatment 45 (40.5) 21 (18.3)

Other methadone maintenance treatment 13 (11.7) 2 (1.7)

Other, nonmethadone treatment 0 0

Abstinence 2 (1.8) 1(0.9)

Rate Ratio
(95% Cl) P Value

Diacetylmorphine

number (percent)

* Rate ratios are for the diacetylmorphine group as compared with the methadone group. NA denotes not applicable,

and NAOMI North American Opiate Medication Initiative.

cantly in either group (Fig. 2). Both groups spent
a median of $1,200 (U.S. dollars) on illicit drugs
in the month before baseline; at 12 months, this
amount was reduced to $320 in the diacetylmor-
phine group and $400 in the methadone group.

In the group of 25 patients who were randomly
assigned to the hydromorphone group, there were
46 follow-up visits during the 12-month study pe-
riod at which no use of illicit heroin in the previ-
ous 30 days was reported (among 17 different
persons). None of the 46 urine samples obtained
at these visits tested positive for 6-monoacetylmor-
phine or morphine. Of 23 patients in the hydro-
morphone group who were asked at 12 months
which drug they thought they were receiving, none
reported that the drug was definitely hydromor-
phone.

SERIOUS ADVERSE EVENTS
A total of 79 serious adverse events were reported
in 54 patients: 18 in the methadone group, 51 in
the diacetylmorphine group, and 10 in the hydro-
morphone group (Table 4). One death occurred
during the observation period — a patient ran-
domly assigned to receive methadone died from
an opioid overdose, according to a police report.
None of the serious adverse events in the metha-
done group were considered to be related to the
administration of study methadone during the
study period. Overall, infections, overdoses, and
seizures were the most frequent serious adverse

events reported, the latter two being the most fre-
quent events related to diacetylmorphine. All over-
doses related to diacetylmorphine that required
treatment with naloxone were classified as being
life-threatening and hence serious adverse events.
All these events resolved without sequelae or hos-
pital admission. Seven of the 10 patients who re-
quired naloxone subsequently reported that they
had also used other drugs, such as benzodiazepines
or cocaine, at the time of the overdose. All seven
seizures that occurred at the clinic were classified
as having some relationship to the study medica-
tion: two occurred in a patient with a history of
epilepsy and the remaining five occurred in pa-
tients who had used cocaine or benzodiazepines
before the seizure.

DISCUSSION

In this trial, patients assigned to receive injectable
diacetylmorphine were more likely to stay in treat-
ment and to reduce their use of illegal drugs and
other illegal activities than patients assigned to
receive oral methadone. These findings are con-
sistent with the results of European studies that
suggest greater effectiveness of diacetylmorphine
than methadone as maintenance treatment for
long-term, treatment-refractory opioid use.1®12:13
Two of these trials showed no differences between
groups in the rate of retention in treatment for
addiction. However, the fact that control patients

N ENGL) MED 361;8 NEJM.ORG AUGUST 20, 2009

Downloaded from www.nejm.org on August 26, 2009 . Copyright © 2009 Massachusetts Medical Society. All rights reserved.



DIACETYLMORPHINE VS. METHADONE FOR OPIOID ADDICTION

'3UI|2SBq 40} paisn(pe $2100S UBaL Ul 9duaJayip dnoid-usamiaq ay) 4oj ale sanjeA d L
‘swia|qoad a1anas a1ow 3unedipul $2102s Jay31y yim ‘T 0} 0 woij a3ues xapu| A14aASS UoIPIppY ueadoing ayy ul S310dS 9|eISANS 4

80 000 S00 ¥0°0 ¥0'0 ¥0°0 ¥0°0 SUOpPEYISIN

7o 100~ Ge0 10°0- ¥0'0 €00 €00 200 ¥0°0 auiydiowkiadelq
asn |oyod|y

£8°0 000 800 600 01’0 (A0} 01’0 SUOpPEYISIN

S0°0 €00~ 100> S0'0- 600 80°0 600 900 €10 auiydiowkiadelq
SUOIje|aJ |BIDOS

09°0 10°0- 900 800 800 800 800 SUOpPEBYISIN

120 00~ S0°0> ¥0°0— L0°0 S00 900 900 600 auydiowfiadeig
suolje|au Ajiwie

100> 110~ 70 STO0 610 LT0 920 SUOPEYIIN

200 S0°0- 100> STO0- 01’0 800 01’0 €10 ST0 sulydiowfideig
uoiejsijes juswhoduwy

100> L0°0~ ¥8°0 S8°0 £€8°0 18°0 630 SUOpPBYISIN

[44] €00 100> ¥0°0— 880 880 980 £L80 16°0 sulydiowhiedeig
SN3e}S DILOU0D]

L00 €00 00 120 12°0 (440} 810 SUOpPBYISIN

100> 900~ 100> S0°0- 910 LT0 LT°0 ST°0 120 auydiowfraelq
snje1s dlIeIYdAs

650 200~ 620 LE0 9¢'0 9¢'0 LE0 SUOpPBYISIN

900 90°0~ 100> 600~ 970 620 620 €0 8¢0 sulydiowkieoeig
snjejs |edIpay

10°0> AN 8T°0 (44} €20 Y20 S¢€0 SUOpBYIBIN

10 €00~ 10°0> LT°0- 0z0 (44} 120 LT0 LE0 auiydiow|kiadelg
saljAoe [e33))|

100> 910~ €¢0 9¢'0 60 o ¥S°0 SuopEYIBN

100> £0°0~ 100> €0~ 90 1¢0 €0 620 €50 auiydiow|kiadelg

asn Snup-11o
Lanpep d $91005 UBD\ anjeA d ON ZI o ZI ON 6 O 9 o\ € 241005 dnoun Apnmis pue sjqeliep

paisnipy ui aduaiayig 0] auljeseg wody a3ueyd) 1€ 24015 1€ 21005 1€ 21005 1€ 24015 auleseg
dnoun-usamiag uea|\ pajewiis3y

*SYIUOIA ZT YSnoay) Juswissassy auljaseg woiy ‘xapuj A11419A3S uoidIppy ueadoing ayj uo paseg sa100s apsodwio) ajeasqns °¢ 3|qe L

783

NEJM.ORG AUGUST 20, 2009

N ENGL J MED 361;8

Downloaded from www.nejm.org on August 26, 2009 . Copyright © 2009 Massachusetts Medical Society. All rights reserved.



The NEW ENGLAND JOURNAL of MEDICINE

A Street Heroin

30+
w
=3
2
9>_, 254
a
Q
= 20
.E _E
o
b 5 154 Methadone
2s
°
Q 10+
@
[a)
s 5+
‘Z) Diacetylmorphine
0 T T T T T
0 3 6 9 12
Months
B Cocaine
30
w
=3
o
3 25+
<
a
o
= 20 Diacetylmorphine
£ =
§ S 15
5 =
Methadone
@ 10
©
o
‘s 5+
]
P4
G T T T T T

3 6 9 12
Months

Figure 2. Number of Days of lllicit-Drug Use in the Previous Month,
According to Treatment Assignment.

The numbers of days of illicit heroin use (Panel A) and cocaine use (Panel
B) are shown. The I bars represent 95% confidence intervals.

784

were eligible to receive diacetylmorphine at the
end of the study period may have introduced a bias
in the observed retention rates. In addition, patients
currently enrolled in methadone maintenance treat-
ment were eligible for the European trials but not
for the present study. Although the definitions of
clinical response varied among the trials, all of
them considered the same variables (drug use, il-
legal activities, health, and social adjustment) and
showed greater effectiveness of diacetylmorphine
than of methadone for maintenance treatment.
Secondary analyses showed that both groups
had significant improvement in many of the vari-
ables that were evaluated. The diacetylmorphine
group had greater improvements with respect to
medical and psychiatric status, economic status,
employment situation, and family and social rela-
tions. These results are particularly noteworthy in

N ENGL) MED 361;8
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view of the nature of the population and the time
frame. The fact that patients who received diacetyl-
morphine had significant improvement in these
areas suggests a positive treatment effect beyond
a reduction in illicit-drug use or other illegal ac-
tivities.

The lack of effective pharmacologic treatments
for cocaine addiction poses a considerable chal-
lenge for the treatment of opioid addiction in pa-
tients who use more than one drug.® One argu-
ment against diacetylmorphine maintenance is
that patients receiving free diacetylmorphine might
increase their spending on cocaine, other drugs,
or both. Such an increase has not been reported
in other studies.'®1213,18 Moreover, we observed
an important overall reduction in the money spent
on illicit drugs in both groups.

Overdoses and seizures were the two most
common serious adverse events related to diacetyl-
morphine.1®2° Sixteen of the 115 patients ran-
domly assigned to receive diacetylmorphine had
a life-threatening overdose or seizure during the
study. Because the study included close medical
supervision, these serious adverse events were
promptly treated, and all patients recovered. Hero-
in is a respiratory depressant, and heroin injec-
tion is less safe than oral treatments.2%:22 When
injected opioids are taken under the supervision
of health care staff, overdoses and seizures have
been shown to be effectively treated.**1213,22 Had
these overdoses occurred under circumstances in
which no medical help was immediately available,
as would be the case with the use of illicit heroin,
the outcomes might have been worse. Our safety
data suggest that diacetylmorphine should be de-
livered in settings where prompt medical inter-
vention is available.

The investigators and patients were aware of
the assignment to methadone maintenance treat-
ment versus diacetylmorphine. Although a double-
blind comparison was theoretically possible with
the use of placebo injections and placebo metha-
done, the investigators and patients probably would
have been aware of the group assignments, given
the different pharmacokinetic properties of the
study drugs. Moreover, such a protocol would have
eliminated the natural advantages of methadone
maintenance treatment (e.g., once-daily oral ad-
ministration) that might have led to its greater
acceptance.

Concerns have been raised about reliance on
self-reported data in studies involving injection-
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Table 4. Serious Adverse Events Related to the Study Medications.
Methadone Diacetylmorphine Hydromorphone
Serious Adverse Events (N=111) (N=115) (N=25)
no. /total no. (%)

Not judged by investigators to be related to study drug 18/18 (100) 27/51 (53) 5/10 (50)

Judged to be related to study drug 0/18 24/51 (47) 5/10 (50)
Sepsis and other infections 0/0 2/24 (8) 0/5
Cocaine-induced psychosis 0/0 1/24 (4) 0/5
Seizures* 0/0 7/24 (29) 0/5
Diseases of the respiratory system 0/0 1/24 (4) 0/5
Abscesses and cellulitis 0/0 1/24 (4) 2/5 (40)
Suicidal ideation 0/0 0/24 1/5 (20)
Fractures 0/0 1/24 (4) 0/5
Opioid overdoses™ 0/0 11/24 (46) 2/5 (40)

* A total of 20 overdoses and seizures occurred in 18 patients.

drug users. However, the Addiction Severity In-
dex has been widely used in North America and
has consistently shown validity and reliability in
studies of addiction treatment.?? Evaluations based
on self-report have been shown to be reliable when
conducted by people with no control or power over
the treatment process,?* as in the present study.
Self-reported nonuse of illicit heroin was con-
firmed by means of urine testing at 100% of 46
visits in the group of patients randomly assigned
to receive hydromorphone (the double-blind por-
tion of the study).

It could be argued that another opioid-substi-
tution medication, such as buprenorphine, might
have been used as a comparison drug instead of
methadone. The available evidence does not sup-
port this suggestion: a recent Cochrane review
concluded that buprenorphine maintenance was
significantly less effective than methadone main-
tenance.?®> Thus, methadone maintenance remains
the standard treatment and the proper comparison
drug for an experimental substitution therapy.

Some persons probably volunteered for the
study in the hope of being assigned to receive
diacetylmorphine; hence, we anticipated a sub-
stantial dropout rate in the methadone group. To
partially address this possibility, patients who
dropped out of the treatment program were al-
lowed to return to the clinic at any time during
the 12-month period. We also offered an opti-
mized methadone program that addressed the
likely problems that participants had encountered

N ENGL J MED 361;8
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in previous attempts at methadone maintenance
treatment, such as long waiting times, limited
primary care and psychosocial services, punitive
treatment approaches, and suboptimal dosing.
Nevertheless, a question can be raised with respect
to the validity of an intention-to-treat comparison
in a trial when a significant treatment dropout rate
is observed in the control group. Such a compari-
son is valid, in our view, if the dropout rate re-
flects the true lack of acceptance that would be
observed if methadone maintenance treatment
alone were offered in the clinical setting.

An unexpected finding was that patients who
received the injectable drugs could not accurately
determine whether they were receiving diacetyl-
morphine or hydromorphone. We also observed
similar outcomes with these two drugs, although
the study was not powered for such a compari-
son. Should hydromorphone be proved to be non-
inferior to diacetylmorphine, the benefits of in-
jectable opioid maintenance might be achievable
without the emotional and regulatory barriers of-
ten presented by heroin maintenance.

In this trial, both diacetylmorphine treatment
and optimized methadone maintenance treatment
resulted in high retention and response rates.
Methadone, provided according to best-practice
guidelines, should remain the treatment of choice
for the majority of patients. However, there will
continue to be a subgroup of patients who will not
benefit even from optimized methadone mainte-
nance. Prescribed, supervised use of diacetylmor-

NEJM.ORG AUGUST 20, 2009



786

DIACETYLMORPHINE VS. METHADONE FOR OPIOID ADDICTION

phine appears to be a safe and effective adjunc-
tive treatment for this severely affected population
of patients who would otherwise remain outside

the health care system.
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