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ABSTRACT

Background and aims Opioid agonist treatment (OAT) is currently the most effective treatment for people with opioid
dependence. In most countries, however, access to the whole range of effective medications is restricted. This study aims
to model the distribution of different OAT medications within a naturalistic and relatively unrestricted treatment setting
(Zurich, Switzerland) over time, and to identify patient characteristics associated with eachmedication.Methods We used
generalized estimating equation analysis with data from the OAT register of Zurich and the Swiss register for heroin-assisted
treatment (HAT) to model and forecast the annual proportion of opioids applying exponential distributions until 2018 and
patient characteristics between 1992 and 2015. Results Data from 11895 patients were included in the analysis. Meth-
adone remains the mainstay of OAT, being prescribed to two-thirds of patients. Following its approval, the proportion of HAT
increased rapidly and is now constant at 12.16% [95% confidence interval (CI) = 11.15–13.17]. The initial increase of pro-
portions of buprenorphine or slow-release oral morphine (SROM) following their approval for OATwas slower.While in 2014
both medications had a proportion of 10.2% and 10.3%, respectively, our model predicts a further increase of SROM to
19.9% in 2018, with a ceiling level of 25.19% (21.40–28.98%) thereafter. SROM patients display characteristics similar
to those treatedwithmethadone; buprenorphine patients show the highest social integration; andHAT patients are themost
homogeneous group, with highest mean age, most widespread injecting experience and lowest social integration.

Conclusions Based on data from Zurich, Switzerland from 1992 to 2015, there is no evidence for an excessive demand
for a singlemedication in a naturalistic and liberal opioid agonist treatment setting. Rather, the specific patient characteristics
associated with each medication underline the need for diversified treatment options for opioid dependence.
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INTRODUCTION

Opioid dependence is a chronic disorder associated with
negative consequences for affected individuals, their fami-
lies and society [1–3]. Currently, North America is
experiencing a severe opioid use epidemic which has re-
cently been declared a ‘national emergency’ [4,5].
European surveillance data suggest a stable uptake of her-
oin but growing use of synthetic opioids and an increase of
overdose-related deaths [6]. Opioid agonist treatment
(OAT) is currently considered treatment of choice for opioid
dependence [7]. For other psychiatric or medical disorders,
such as major depression or hypertonia, patients and care

providers can choose from various approved medications
to identify the compound that is most effective and associ-
ated with the least side effects for each individual [8]. This
is not the case for OAT, where often only methadone
and/or buprenorphine are available due to regulatory con-
straints [9]. Other effective medications exist, but missing
approval for OAT makes prescription extremely difficult in
most settings. Moreover, patients who do not respond to
conventional forms of OAT are usually denied heroin-
assisted treatment (HAT), a distinct and cost-effective vari-
ant of OAT that often leads to better outcomes [10]. HAT is
only offered in select western European countries and
Vancouver [10–12]. Why is this so?
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This conundrummay be partly explained by the stigma
associated with illicit substance use, a lack of lobbying by
an often marginalized group of patients or limited financial
attractiveness for pharmaceutical companies (e.g. due to
high regulatory demands, comparatively low costs of the
market leader methadone and lower price per dose ratios
in OAT for substances already approved for pain treatment,
e.g. hydromorphone). Diacetylmorphine (DAM, i.e. phar-
maceutical heroin) is often a banned substance, and its
manufacturing, import and use is legally prohibited in
many countries, factually rendering it impossible to pre-
scribe. Stigmatization may contribute to the notion that
opioid-dependent people form a homogeneous group that
will benefit equally from thewidely applied ‘one-size-fits-all’
approach. Another important argument often put forth
against the approval of diverse OAT forms is the concern
of an increase in incidence and prevalence of opioid users;
and of patients flocking to new treatments. The so-called
‘honey pot’ effect postulates that large numbers of heroin
users would enter HAT because of the ‘free’ heroin [13],
while other treatment options would be neglected and dis-
appear [14]. However, the availability of a diversity of opi-
oids for OAT is crucial to optimal treatment, e.g.
buprenorphine or slow-release oral morphine sulphate
(SROM) should be available for patients with methadone-
induced QTc-prolongation [15]. Therefore, scientists and
clinicians have called for the expansion of pharmaceutical
options in OAT [16].

However, empirical evidence on a larger scale
concerning the distribution of different opioids used in
OAT over time in a naturalistic setting with a diversity of
substances available is lacking. Analysis of the Swiss
treatment model can close this gap. Here, we use data from
the OAT register of the canton of Zurich and the central
Swiss HAT register to develop a comprehensive model that
describes and forecasts the impact of the approval of
additional opioid agonists for OAT on the prevalence of
different medications over time. We also aimed to quantify
the long-term effect of the admission stop to Swiss HAT
from mid-1996 to March 1998, a consequence of the
termination of the initial research phase and revision of
relevant legislation [17]. Moreover, the characteristics
(i.e. sex, life-time injecting status, nationality, age, duration
since first regular heroin use and social integration) of
subpopulations treated with different opioids are identified.

METHODS

Databases

OAT register

Since 1991, the cantonal health authorities of Zurich
mandate operation of an anonymized case register of OAT
with methadone, buprenorphine and SROM. OAT

providers are obliged to supply information at the begin-
ning and end of each treatment episode and every
6months during ongoing treatment. Patients are identified
unequivocally by an anonymized personal code.

HAT register

Since 1994, the Swiss Research Institute for Public Health
and Addiction operates an anonymized case register of
Swiss HAT. Providers must make information available at
the beginning and end of treatment. All five institutions
providing HAT in the canton of Zurich were asked to
participate in this study and to provide an anonymized per-
sonal code as used in the OAT register. All but the smallest
institution (with approximately 20 patients per year) pro-
vided data for the period between 1994 and 2015.

Statistical analysis

Calculations were based on the joint data of the OAT
and HAT registers. As some patients received different
opioids during a given year, we scored them in the
following decreasing order: HAT = 4, SROM = 3,
buprenorphine = 2, and methadone = 1. We utilized in-
formation from all available forms (entry, follow-up, ces-
sation) using the maximum opioid score for each year
in treatment. Thus, if a patient was in treatment for at
least 1 day of a year we computed one data point indicat-
ing the substance.

A slower or faster increase in the proportion of patients
treated with a new substance after its approval can be
described by an exponential distribution using a rate
parameter α. When an additional parameter β is used to
model the maximum level of a given substance in the data
set, the annual proportion (G) of a new substance can be
modelled as follows, with time as duration in years since
introduction of the substance: G = [1–exp(�α × time)] ×
β/100.

For example, if α is set at 0.3 and β is set at 20, a sub-
stance will reach a prevalence of 20% of all OAT after sev-
eral years. In the first years after introduction of the
substance, the increase in treatment proportion is largest
and then becomes smaller (for this example 5.2% are
treated with this substance in the first year, 9.0% in the
second year and 11.9% in the third year).

These modellings were conducted with heroin (since
1994), buprenorphine (since 2002), off-label SROM (from
2008 to 2012) and approved SROM (since 2013). Thus,
we analysed a multinomial distribution with up to five cat-
egories (i.e. five substances). Assuming that time-span to
establishment is similar for different substances, but dis-
tinct levels may be reached in the long term, we tested
models with a common α for all or for a certain group of
substances.
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Upon examination of our data, due to the HAT admis-
sion stop from mid-1996 to March 1998, we added an in-
dicator γ to account for the restricted HAT access
between 1997 and 2010. Thus, the proportion in treat-
ment with the respective substance is modelled as
G = [1–exp(�α × time)] × β/100 × (1–γ/100), where
time indicates year since introduction of the substance,
α the rate parameter for increase, β the maximum level
a substance will reach and only for HAT γ the proportion
of restricted access during 1997–2010. Notably, our
model is based on the assumption that the increasing pro-
portion of new opioids resulted in a decreasing proportion
of patients with methadone only (i.e. other substances are
not affected).

Although we are interested solely in the prevalence
(proportion of patients) in OAT in a given year and thus ap-
ply a marginal model, we have to account for patients
treated with the same substance for several years. We
therefore applied a GEE2/ELS approach using PROC
NLMIXED in SAS version 9.4, similar to that proposed by
Vonesh [18] (i.e. Program 4.17 for binary outcome). Our
semi-parametric approach analyses data by specifying
‘working’ third- and fourth-order moments assuming nor-
mality (i.e. ELS) using an independence structure for the
second-order moments of the repeated multinomial out-
comes. Inference bases on a robust variance–covariance
matrix of themodel parameters via the EMPIRICAL option.
Hereby the Gaussian-based negative log-likelihood is mini-
mized (see Supporting information for details).

To test for differences between patient characteristics
[sex, life-time injecting status, nationality, age, duration
since first regular heroin use (defined as using more than
four times a week during a month) in years and social inte-
gration index] by type of opioid we applied GEE2/ELS anal-
yses (Program 4.17 in Vonesh [18]) on complete and
imputed data sets (using the FCS algorithm in SAS version
9.4 with 10 imputed data sets). The social integration in-
dex was computed as the mean of at least four of six items
(having a full- or part-time job or run the household; earn-
ing one’s living; living in a flat; having a partnership; good
family relations; having friends outside the drug scene;
Cronbach’s α = 0.58). Age was known for all 11985 pa-
tients, but there weremissing data for sex (5.0%), social in-
tegration index (5.3%), life-time injecting status (8.2%),
nationality (13.8%) and duration since first regular opioid
use (28.2%). To address not only marginal means but also
probable increasing variance (i.e. for age, duration since
first regular heroin use and social integration index) during
the years 1992–2015, we aimed to specify appropriate but
still parsimonious GEE2/ELS models (see Supporting
information).

Collection and evaluation of data are in accordance
with Swiss data protection laws, and the local ethics com-
mittee approved the analysis.

RESULTS

We obtained 91836 data points indicating the opioid used
from 11895 patients between 1992 and 2015. Mean an-
nual number of patients in OAT in the canton of Zurich
was 3826.5, with a minimum of 3056 in 1992 and a
maximum of 4083 in 2008 (see Supporting information,
Table S1).

In 1992 and 1993 all patients were treated with
methadone (Fig. 1, bold lines). With the introduction of
other opioids, the proportion of methadone treatments
declined to 63.8% in 2015. Our statistical model fitted
the observed data well (Table 1), as the dashed lines for
fitted mean and the confidence interval region in Fig. 1
reveal. The GEE2/ELS α-estimates in Table 1 indicate that
the uptake of HAT [α = 0.350; 95% confidence interval
(CI) = 95% 0.277–0.424] was faster than that of
buprenorphine and SROM (α = 0.259; 95%
CI = 0.212–0.305). The observed proportion of patients
with buprenorphine (10.2%), SROM (10.3%) and heroin
(12.1%) were similar in 2014. However, the β-estimate
indicating the maximum level is two to three times higher
for SROM (β = 25.19; 95% CI = 21.40–28.98) than for
buprenorphine (β = 11.06; 95% CI = 10.05–12.08) and
heroin (β = 12.16; 95% CI = 11.15–13.17). As Fig. 1
illustrates, the model forecasts that 19.85% (95%
CI = 17.95–21.74) of OAT patients in the canton of Zurich
will be in SROM treatment in 2018.

Our analysis also quantified the effect of the admission
stop into HAT mandated from mid-1996 until 1998,
which lasted 14 years (1997–2010). The proportion of
patients excluded from HAT was substantial, with an
estimated 19.64% (95% CI = 15.01–24.26).

Figure 1 Proportion of patients in opioid agonist treatment by
medication, canton of Zurich 1992–2015. SROM = slow-release oral
morphine [Colour figure can be viewed at wileyonlinelibrary.com]
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Some patient characteristics, such as age and duration
since first regular heroin use, changed substantially be-
tween 1992 and 2015. However, differences across opioids
persisted (Figs 2 and 3). The main exception is sex, with an
initial lower proportion of men inHAT due to oversampling
of women in the PROVE study evaluating HAT [19].

During the whole study period the proportion of men
(69.7% for methadone) was significantly higher for
buprenorphine (+6.8%) and for SROM (+4.8%; see
Supporting information, Table S2). While these differences
are relatively small, the between-opioid differences with re-
spect to injecting experiences are substantial: more than
80% in HAT, 63.3% with methadone, 54.7% with SROM
and 52.7% with buprenorphine had a history of injection
use. A small declining time trend (�4.1% per decade) in
the proportion of patients with injecting experiences is
found for HAT patients. The proportion of Swiss patients
shows a small decline (�2.2% per decade) in all OATs,
and is 6.5% higher in HAT than in methadone treatment.

The age of patients as well as the duration since first
regular heroin use increased substantially between 1992
and 2015 (Fig. 3, Supporting information, Table S3). Pa-
tients in HATare older than those onmethadone and those
with buprenorphine or SROM are younger. Notably, the op-
posite applies for the variance among patient populations,
with patients in HAT being the most homogeneous and
those in SROM treatment the least homogeneous group.
For example, the variance of the duration since first regular
heroin use is estimated at 85.2 for those patients with
SROM and 51.7 for those with heroin in 2015, i.e. 65%
higher for SROM than for heroin.

According to the social integration index (varying be-
tween 0 and 10 with higher values indicating better social
integration), patients on buprenorphine had a mean value
of 6.5 and were thus better integrated than those on

methadone (5.9), SROM (5.9) or those in HAT who were
least integrated (5.1). Taking the variance (= 6.4) into ac-
count, the effect sizes between methadone and
buprenorphine (Cohen’s d = 0.23) and heroin (Cohen’s
d = 0.32), respectively, could be classified as weak, and be-
tween buprenorphine and heroin (Cohen’s d = 0.55) as
moderate. Notably, the model estimated a time effect only
for the variance model and not for the mean model, indi-
cating that social integration has become more diverse
over calendar years.

DISCUSSION

Our analysis of register data duringmore than two decades
illustrates how newly approved opioids for OATare adopted
by the treatment system when a wider selection is avail-
able. After approval and an initial increase, the proportion
of treatments with a newly approved opioid stabilizes in a
predictable manner. By showing substantial demand for
each of the approved medications, our findings suggest a
need for diversity of opioid agonists to be available for
OAT. We also identified differing patient characteristics for
specific opioids, indicating that the prescription of opioids
for OAT is not a random process. Differences between
HATand conventional OAT persisted over time, illustrating
that the target population of severely dependent individuals
is indeed receiving this therapy. Our results also indicate
the large impact of regulatory framework and political de-
cisions to limit or approve treatments as illustrated by the
consequences of temporary restricted access to HAT, or
the introduction of buprenorphine or SROM treatments.

Importantly, the approval of new opioids for OAT did
not attract large numbers of patients to these treatments.
While the choice of methadone in Zurich has been contin-
uously diminishing with the approval of other opioids for

Table 1 GEE2/ELS estimates modelling the proportion of substances in opioid agonist treatment, canton of Zurich 1992–2015.

Estimate SE P

95% CI

Lower Upper

α Buprenorphine/SROM 0.259 0.024 < .0001 0.212 0.305
α Heroin 0.350 0.037 < .0001 0.277 0.424
β Buprenorphine 11.06 0.518 < .0001 10.05 12.08
β SROM 25.19 0.193 < .0001 21.40 28.98
β Off-label SROM 2.529 0.280 < .0001 1.981 3.078
β Heroin 12.16 0.515 < .0001 11.15 13.17
γ Heroin 19.64 2.359 < .0001 15.01 24.26
Number of patients 11895
Number of observations 91836
–2 log-likelihood 92816

Proportion in treatment Gsubstance = [1-exp(–αsubstance × time)] × βsubstance/100× (1–γheroin/100); time= time inyears since introduction of substance; α= rate
parameter of substance in years; β = maximum level of substance in percent; γ = proportion restricted access during 1997–2010 for heroin in percentage;
SE = standard error, CI = confidence interval, SROM = slow-release oral morphine sulphate. Proportion of methadone (1992–2015) is 1 minus Gheroin

(1994–2015) – Gbuprenorphine (2002–15) – Goff-label SROM (2008–12) – GSROM (2013–15).
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OAT, it was still used in almost two-thirds of treatments in
2015. The available alternative opioids, i.e. DAM,
buprenorphine and SROM, have a proportion of approxi-
mately 10% each. However, ourmodel forecasts that, while
the use of DAM (approved in 1994) and buprenorphine
(approved in 2002) has already reached its ceiling, the
use of SROM (approved in 2013) will increase during the
next few years to a level two to three times higher. This in-
crease is plausible, as SROM is associated with less adverse
effects than methadone [15], with similar retention in

treatment [20]. It may therefore be more appropriate for
younger patients entering OAT for the first time as well as
for an overall ageing OAT population [21] more prone to
adverse effects, such as QTc-prolongation [22]. The recent
approval of levomethadone in Switzerland in 2015 may
contribute to a further reduction of the proportion of OATs
with conventional methadone in the future.

Buprenorphine, like SROM, is associated with fewer ad-
verse effects than methadone, but the complicated induc-
tion procedure due to its properties as a partial agonist

Figure 2 Sex, life-time injecting status and nationality of patients in opioid agonist treatment by medication, canton of Zurich 1992–2015.
SROM = slow-release oral morphine [Colour figure can be viewed at wileyonlinelibrary.com]

Modelling the evolution of opioid agonist treatment 5

© 2018 Society for the Study of Addiction Addiction

http://wileyonlinelibrary.com


may limit its use and contribute to the slightly lower reten-
tion in treatment compared to methadone, particularly
during the first weeks of treatment [23]. However, newer,
more convenient inductionmethods may lead to an expan-
sion of buprenorphine use [24]. The comparatively small

proportion of patients on buprenorphine contrasts with,
for instance, France or North America, where there is a
movement supporting buprenorphine over methadone.
This is probably a consequence of the superior safety profile
of buprenorphine concerning respiratory depression, as

Figure 3 Mean and variance of age, duration since first regular heroin use in years and social integration index of patients in opioid agonist treatment
by medication, canton of Zurich 1992–2015. SROM = slow-release oral morphine [Colour figure can be viewed at wileyonlinelibrary.com]
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well as the regulatory framework in these settings, permit-
ting only the prescription of buprenorphine in office-based
settings. Moreover, in North America buprenorphine is
most frequently prescribed in combination with naloxone
to putatively reduce diversion and misuse. This combina-
tion was approved in Switzerland only recently in 2017.
Importantly, there is no regulatory difference in
Switzerland between the provision of OAT with metha-
done, SROM or buprenorphine regarding office-based or in-
stitutional settings, take-home dosages or supervised
intake. Furthermore, because of low overdose numbers
and the ongoing decline of incidence of opioid use in
Switzerland [25], the concerns about diversion of opioid
agonists and the incentive to prescribe the partial agonist
buprenorphine may be less pronounced. Our data also sug-
gest that in a patient-centred regulatory framework offer-
ing several alternative opioid medications, patients often
prefer a full agonist over buprenorphine.

Concerns about newly approved treatments attracting
large numbers of patients entering OAT (‘honey pot’ effect
[13]) are unwarranted. While the demand for HAT after
initial approval was indeed faster than that of
buprenorphine or SROM, the proportion of HAT treat-
ments has remained stable even after the removal of the
admission restriction in March 1998, with treatment ca-
pacities exceeding demand [26]. The rather restrictive
HAT setting, requiring personal visits to the treatment
centre two to three times daily for dispensing and applica-
tion of the substance, may have limited its attractiveness.
Many patients who would qualify for HAT decline to enter
for this reason [27]. Nevertheless, the impact of the
1996–98 moratorium lasted until 2010, indicating that
approximately one-fifth of patients were precluded from
entering HAT.

Among all opioids, the population of opioid-dependent
patients in Switzerland is an ageing cohort [21], which
can be linked to a declining incidence of opioid use and
high long-term treatment participation [25,28]. Through-
out the study period, age and duration since first regular
heroin use increased substantially (Fig. 3).

Our study identifies distinctive characteristics of popu-
lations receiving different opioids. Assuming that patients
and providers are likely to choose the most favourable opi-
oid for treatment, subpopulations benefiting from a specific
medication should become evident over time. From both
the patient and provider perspective, this underlines the
need for the expansion of treatment options [16]. Com-
pared to methadone patients, SROM and buprenorphine
patients are slightly younger, and accordingly have a some-
what shorter duration since first regular heroin use. They
are also more likely to be men and have less injecting expe-
rience. The routes of administration in opioid-dependent
people have changed during the past decades in Europe,
with smoking and snorting becoming more popular [6].

Importantly, patients on buprenorphine show better social
integration compared to patients on all other opioids.

The HAT population is the most homogeneous sub-
group, although we did not differentiate between patients
treated with injectable or oral DAM. Compared to those
on methadone, HAT patients have a somewhat higher
mean age and longer duration since first regular heroin
use, are more likely to be Swiss and have injecting
experience. Social integration is significantly lower than
for the other opioids, in particular compared to patients
on buprenorphine. These characteristics can be linked
to the clear-cut inclusion criteria for this form of OAT,
designed to select severely dependent individuals: patients
must be at least 18 years old, have a history of severe
opioid dependence of more than 2 years, must have
failed at least two conventional treatments and have
documented social or health problems related to opioid
dependence.

Limitations and strengths

Several limitations need to be considered when
interpreting our data. We have no data on OAT outside
Zurich, so we cannot rule out that some patients
obtained treatment with other opioids before, between
or after OAT episodes in Zurich. When patients were
prescribed several opioids in a given year, we ranked the
different substances in order to categorize them.
This may have led to a slight underestimation of
buprenorphine, SROM and methadone treatments.
Furthermore, as substance use is influenced by local
trends, our data may not be generalizable to all settings
offering low-threshold OAT with different opioids.

DAM is approved for HAT in oral as well as injectable
form. However, no data on route of administration were
available precluding further differentiation. It is possible
that patients on injectable DAMwould show differing char-
acteristics from those treated only with the oral form.

It has to be pointed out that, although it has been asso-
ciated with reduction in risk of all cause and overdose mor-
tality [29], retention can only be a proxy measure of
outcome. The fact that a group of patients is in treatment
with a substance does not imply that this treatment is the
most effective for this group, e.g. the fact that patients on
buprenorphine show highest social integration does not
imply that socially well integrated patients should receive
buprenorphine.

Among the strengths of our study are the large sample
size, the use of data from different registers including
HAT and the length of the observation period.
Switzerland is among the few countries where a variety
of opioids is available for OAT, and prescription depends
largely upon patients and providers rather than regulatory
constraints.
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CONCLUSIONS

Modelling of register data from Zurich, Switzerland allows
describing past and current distributions of different
medications used in OAT, identifying associated patient
characteristics and predicting future distributions of
opioid medications in OAT. There is no evidence for an
excessive demand for a single opioid following its approval
or for an increase of the overall number of OAT patients
over time. The subpopulations treated with different
opioids display specific characteristics, with SROM-patients
being most like those on methadone, buprenorphine
patients showing the best social integration and HAT
patients being the most homogeneous group, with the
highest mean age, most injecting experience and lowest
social integration.

For other chronic diseases, such as diabetes or hyper-
tension, it is widely accepted that a diversified range of
medications boosts the likelihood of providing the optimal
(i.e. the most effective and best tolerated) treatment for
each individual. In OAT this selection is often limited due
to regulatory restrictions. The study findings indicate that
there is a need for a diversity of opioid agonists available
for OAT to identify the optimal treatment option for each
individual with opioid dependence.
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