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ARTICLE INFO ABSTRACT

Keywords: Background: There are limited longitudinal data on national patterns of opioid agonist treatment (OAT). This
Opioid agonist treatment study describes 10-year trends in the sales of OAT medicines in Australia.

Methadone Methods: A descriptive and time-series analysis of methadone, sublingual (SL) buprenorphine (+/—naloxone),
Buprenorphine

and long-acting injectable (LAI) buprenorphine sold in Australia between 2013 and 2022 was performed. Total
units sold were converted into an estimate of the number of clients that could be treated over a 28-day period
with that amount of medicine (‘client-months’).

Results: Between January 2013 and December 2022, the estimated number of client-months on: any OAT
increased by 50 % to 53,501, methadone decreased (—8.5%), SL buprenorphine increased (+78%), and LAI
buprenorphine increased substantially after September 2019. In January 2013, 78 % of OAT client-months
received methadone. By December 2022, 48 % received methadone, 26 % SL buprenorphine, and 26 % LAI
buprenorphine. Between 2013 to 2022, OAT client-months per capita were highest in the state of New South
Wales. Over the study period, greater increases in OAT were observed in very remote areas (88%) compared to
major cities (53%). The number of client-months in non-community pharmacy settings remained stable from
2013 to 2019/20, before increasing markedly. The introduction of LAI buprenorphine was associated with an
immediate, sustained increase of 1,636 OAT client-months, and further increases of 190 OAT client-months each
month.

Conclusion: Patterns of OAT have shifted over the last 10-years with buprenorphine (SL/LAI) now the most
common OAT used in Australia. The introduction of LAI buprenorphine has expanded OAT access, particularly in
non-community pharmacy settings, and in remote areas.

Post-marketing surveillance
Drug utilisation

Introduction 2023; World Health Organization, 2012), with both listed as essential

medicines for this indication by the World Health Organization (World

Opioid agonist treatment (OAT) is well established as a first-line
treatment for opioid dependence (World Health Organization &
Department of Mental Health & Substance Abuse, 2009). Involving the
regular and long-term provision of a prescribed opioid of known con-
centration and purity, OAT has the broad goal of reducing harm due to
non-medical use of opioids (Degenhardt et al., 2019). In addition, there
is strong evidence to support the effectiveness of OAT in reducing
injecting and injecting-related injuries, criminal activity, and mortality
(Colledge-Frisby et al., 2022; Degenhardt et al., 2019; Gisev et al., 2019;
Santo et al., 2021). The most commonly used pharmacotherapies for
OAT globally are methadone and buprenorphine (Colledge-Frisby et al.,
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Health Organization, 2017).

Methadone and buprenorphine (with or without naloxone) may be
prescribed for opioid dependence in Australia by authorised medical
practitioners and specialist nurse practitioners (Gowing et al., 2014).
OAT is dispensed in a variety of settings including community phar-
macies, private and public clinics, and correctional facilities, as well as
in local hospitals in more rural areas. OAT medicines are listed on the
national Pharmaceutical Benefit Scheme (PBS) which subsidises their
cost for the treatment of opioid dependence. However, before July 2023
(The Pharmaceutical Benefits Scheme, 2023), OAT clients who had their
medication dispensed at private clinics or community pharmacies were
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charged daily dispensing fees (in the range of AUD$5-8 per day) (Ritter
& Chalmers, 2009).

A recent development in the treatment of opioid dependence relates
to the registration and introduction of long-acting injectable (LAI) for-
mulations of buprenorphine (Lintzeris et al., 2019). In Australia, LAI
buprenorphine was first listed on the PBS in September 2019. Admin-
istered via weekly or monthly subcutaneous injections, the suspension
formulation slowly releases buprenorphine over an estimated time in-
terval. In this way, LAI buprenorphine reduces the burden of regular
clinic or pharmacy attendance, potentially offering enhanced client
outcomes through improved treatment retention (Frost et al., 2019;
Haight et al., 2019). Early evidence suggests LAI buprenorphine is
associated with a range of benefits including increased quality of life,
employment, and treatment satisfaction (Farrell et al., 2022), and
varying, unintended social impacts as well (Barnett et al., 2021; Clay
et al., 2023; Lancaster et al., 2023).

In Australia, the scale-up of LAI buprenorphine was accelerated
during the COVID-19 pandemic as a strategy to maintain treatment
continuity, while at the same time reducing interactions and attendance
of OAT clients at health services. National guidance developed by pro-
fessional and consumer groups also recommended increases in the
provision of take-away doses, greater use of telehealth services for client
appointments, reductions in activity monitoring (e.g., urine drug
screens), and strategies for ensuring continuity of treatment for persons
while in quarantine (Lintzeris et al., 2020). These changes to OAT de-
livery addressed long-standing logistical barriers to treatment accessi-
bility and engagement, including the significant time and distance
involved in attending services (Hall et al., 2021). Although their
implementation was not mandated, understanding the extent to which
these changes were reflected in the level and type of OAT access is
important to demonstrate the adaptability of the service model to sup-
port client needs.

Despite being subsidised on the PBS, methadone and buprenorphine
for the treatment of opioid dependence are not recorded in the national
PBS data set - the data source used for the majority of medicines research
in Australia (Mellish et al., 2015). Each year, data collected on snapshot
day/s by state and territory health departments are compiled to provide
a national overview of OAT pharmacotherapies used in Australia
(Australian Institute of Health Welfare, 2023). Although jurisdictions
strive to report data consistent with agreed standards, there exist in-
consistencies in the methods of data collection and elements reported
across jurisdictions (Australian Government Australian Institute of
Health & Welfare, 2022). For example, driven by each jurisdiction’s
particular legislation, information technology systems, and resources:
the number of clients receiving OAT in Western Australia is reported
throughout the month of June rather than on a snapshot day; New South
Wales is unable to differentiate between clients prescribed sublingual
(SL) or LAI buprenorphine; and data were not available in 2021 for
Queensland. These (and other) inconsistencies (Australian Government
Australian Institute of Health & Welfare, 2022) combined with the
intermittent (annual) monitoring mean that these data are not suitable
to provide a nuanced understanding of how the profile of individual
medicines in OAT in Australia has changed over time and how overall
utilisation has changed in different settings (e.g., regional v. remote,
community vs. prison). In particular, it is not known to what extent the
population-level profile of OAT use changed in the months following the
September 2019 introduction of LAI buprenorphine and April 2020
amendments to OAT guidance and policies in response to the COVID-19
pandemic (Lintzeris et al., 2020). Therefore, this study aims to provide a
detailed examination of OAT medicines in Australia and to consider
periodic factors that may have affected patterns of utilisation. Specif-
ically, our aims are to:

1 Examine trends in the estimated number of clients on all OAT
medicines in Australia between 2013 and 2022.
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2 Examine variation in the number of OAT clients by jurisdiction,
remoteness, socio-economic status and setting, and

3 Evaluate the impact of (a) the introduction of LAI buprenorphine,
and (b) published prescribing guidelines in response to COVID-19, on
the estimated number of OAT client-months per month in Australia.

Methods

Design and setting

This study was a descriptive post-marketing evaluation of
population-level sales of OAT medicines used in Australia. Data on all
formulations of OAT medicines (methadone, buprenorphine,
buprenorphine-naloxone, and LAI buprenorphine) sold in Australia be-
tween January 2013 and December 2022 (inclusive) were included.
Data was provided by IQVIA Inc. (https://www.iqvia.com/) who collect
information on sales of medicines to community pharmacies, hospitals,
and other providers, including prisons, by pharmaceutical wholesalers
and manufacturers. IQVIA declares around 97 % coverage of the
Australian pharmacy and hospital market (Brown et al., 2020). Due to
the legal requirements for secure storage and monitoring of OAT med-
icines in pharmacies, the number of packs sold over a 12-month period
should very closely approximate the number of medicines used by OAT
clients nationally.

Measures

Exposures

All available OAT medicines, by formulation and strength, are pro-
vided in Table 1. Formulations of methadone and buprenorphine listed
on the PBS solely for the treatment of opioid dependence in Australia
were included, as well as methadone liquid 200 mL. Other formulations,
including methadone tablets and buprenorphine patches, are not
included under the PBS opioid dependence treatment program and were
therefore not included in the analysis. Methadone liquid 200 mL, which
is indicated in Australia for both pain and opioid dependence, was
included in these analyses since (1) methadone is not recommended for
acute pain in Australia (The Royal Australian College of General Prac-
titioners, 2017), (2) guidelines indicate tablets are preferred in practice
over liquid for managing persistent pain (The Royal Australian College
of General Practitioners, 2017), and (3) data on almost all costs (AUD) of
these medicines to the purchasing pharmacy were recorded as zero,
indicating they were funded by the Australian Government’s PBS opioid
dependence treatment program (Expert Review Panel, 2023) (data not
shown). Sales of LAI buprenorphine were disaggregated into five groups
by strength and injection frequency - weekly low and high strengths, and
monthly low, medium and high strengths (see ‘LAIB Group’ in Table 1).

Outcomes

The amounts of OAT medicines sold do not directly equate to the
amounts dispensed or used. For this reason, it was not possible to esti-
mate patterns of use at the client level nor determine the exact number
of clients receiving OAT in each month. Oral morphine equivalents
(OME), which are based on the idea that different doses of different
opioids may give a similar analgesic effect, could not be reliably esti-
mated for LAI buprenorphine (Nielsen et al., 2014). Therefore, OAT
utilisation was estimated by totalling the number of packs sold each
month and converting this result into an estimate of the number of cli-
ents that could be treated over a 28-day period with that amount of
medicine (herein referred to as ‘client-months’).

For methadone and SL buprenorphine formulations, OAT utilisation
was estimated by summing the total milligrams (mg) contained in the
packs sold that month and dividing by the average dose (mng) to treat a
single person for 28 days e.g.,


https://www.iqvia.com/
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Table 1
Medicines available* in the Australian opioid agonist treatment program.

International Journal of Drug Policy 123 (2024) 104255

Active ingredient Form Brand name Strength (mg) LAIB} group Entry to market
Methadone Oral (liquid) Biodone Forte, Methadone Syrup 5 mg/mL N/A June 1994
Buprenorphine Sublingual tablet Subutex 0.4,2,8 N/A August 2001
Buprenorphine / naloxone Sublingual tablet Suboxone 2/0.5, 8/2 N/A November 2000
Buprenorphine Long acting injection Buvidal weekly 8,16 Weekly LAIB — low September 2019
Buprenorphine Long acting injection Buvidal weekly 24, 32 Weekly LAIB - high September 2019
Buprenorphine Long acting injection Buvidal monthly 64 Monthly LAIB — low September 2019
Buprenorphine Long acting injection Buvidal monthly 96, 128 Monthly LAIB — med September 2019
Buprenorphine Long-acting injection Buvidal monthly 160 Monthly LAIB - high May 2022
Buprenorphine Long-acting injection Sublocade 100 Monthly LAIB — low March 2020
Buprenorphine Long-acting injection Sublocade 300 Monthly LAIB — high February 2020

*, listed on the Pharmaceutical Benefit Scheme; LAIB: Long-acting injectable buprenorphine.

[mg perpack x Total no. of packs sold that month]

OAT client- ths =
chent-montas [Average daily dose (mg) for a single person x 28 days]

Average dose estimates were evaluated from previously published
studies. Specifically, a systematic search of MEDLINE, Embase, and
PsycINFO databases were conducted to identify studies with informa-
tion on OAT received in Australia. Searches were limited to studies
published in the past five years (2016-2021) to identify the most current
data available. Quantitative data on methadone and buprenorphine
doses were extracted from the included studies and meta-analysed. The
pooled mean dose (mg/day; 95 % confidence interval [CI]) was 74.06
(95 % CI: 69.44, 78.69) for methadone and 16.00 (95 % CI: 14.39,
17.61) for SL buprenorphine (see Table S1). Further methodological
details of this review are summarised elsewhere (Expert Review Panel,
2023).

For LAI buprenorphine formulations, estimates of client-months
were based on the number of packs (injections) sold. Specifically, one
pack of weekly and one pack of monthly LAI buprenorphine were
evaluated to treat 0.25 and 1 client, respectively, over a 28-day period,
aligning with the recommended dosing schedules (Lintzeris et al., 2019).
Given that it is possible for recommended and administered doses to
vary (Lintzeris et al., 2019), a retrospective chart review of three
Australian OAT providers was conducted to evaluate real world dosing
intervals for these medicines in the Australian context (Chidwick, et al.,
2023a, 2023b). These analyses confirmed that an estimated interval of
28-days between LAI doses aligned with real-world LAI buprenorphine
dosing intervals (Chidwick, et al., 2023a, 2023b).

To account for small fluctuations in sales data that reflect the
ordering behaviour of pharmacies and other providers (such as stock-
piling), three-month moving averages are provided.

Variables

Monthly OAT utilisation was summarised overall and disaggregated
by jurisdiction, setting, remoteness, and socioeconomic status. The
Australian jurisdictions includes six states (New South Wales (NSW),
Queensland (QLD), South Australia (SA), Tasmania (TAS), Victoria
(VIC), Western Australia (WA), and two territories (Australian Capital
Territory (ACT) and the Northern Territories (NT)). Setting refers to the
outlet type which purchased the medicines, and includes ‘community
pharmacy’, ‘hospital’, ‘aged and community healthcare’, ‘clinics and
medical centres’, and ‘other (including prisons)’.

Measures of remoteness and socioeconomic status represent the
location of the outlet purchasing the OAT medicines and are used as a
proxy for where OAT was received by clients. The Australian Bureau of
Statistics (ABS) mapping of Postcode 2017 was used to map sales data to
the Australian Statistical Geography Standard (ASGS) Remoteness Areas
2016 data (Australia Bureau of Statistics, 2018a) and to the
Socio-Economic Indexes for Areas (SEIFA) Index of Relative Socioeco-
nomic Advantage and Disadvantage (IRSAD) 2016 data (Australia Bu-
reau of Statistics, 2018b) (see Appendix Methods S2). Australian
remoteness categories include ‘Major Cities’, ‘Inner Regional’, ‘Outer

Regional’, ‘Remote’ and ‘Very Remote’. IRSAD summarises information
about the economic and social conditions of people and households
within an area, with lower quintiles indicating relatively greater
disadvantage and higher quintiles indicating relatively greater
advantage.

Statistical Analysis

Descriptive statistics and data visualisations were used to describe
trends over time, and by OAT medicine, jurisdiction, remoteness, so-
cioeconomic status and setting. The estimated number of client-months,
overall and by individual medicines, were evaluated as a count stand-
ardised against population size and/or as a proportion (%) of the total
number of OAT client-months. Per capita estimates were based on the
estimated residential population at June 30 each year, provided by the
Australia Bureau of Statistics (Australian Bureau of Statistics, 2022),
overall and by jurisdiction, remoteness and IRSAD. Population estimates
were not available by setting.

Interrupted time-series analysis was used to assess the population-
level effect of the introduction of LAI buprenorphine (1 September
2019) using Autoregressive Integrated Moving Average (ARIMA)
models to account for autocorrelation and seasonality (Box et al., 2015).
The intervention (i.e., introduction of the LAI formulation of bupre-
norphine) was assessed by modelling both a permanent level-shift using
an indicator variable and a change in slope (ramp). This modelling
allowed for the time-series to permanently increase or decrease after the
intervention (level-shift) and for the trend line to also change, with these
estimates and their statistical significance used to summarise the effect
of the intervention. The form of the ARIMA model was determined using
the auto.arima function of the forecast (Hyndman et al., 2016) software
package in R for all OAT medicines combined and for methadone and SL
buprenorphine individually. The assumptions of the selected ARIMA
models were assessed graphically by examining histograms and quan-
tile-quantile plots of residuals to assess normality, time-series plot of
residuals to assess the assumption of white noise, and autocorrelation
function plots of residuals to confirm that residuals were uncorrelated.

Sensitivity analysis

To assess the robustness of the client-month estimates, the main
analyses were replicated using the lower and upper bounds of the 95 %
CI of pooled mean daily doses for methadone and SL buprenorphine (see
Table S1) and the 25th (Q1) and 75th (Q3) centiles of the dosing in-
tervals from the LAI buprenorphine chart audit (Chidwick, et al., 2023a,
2023b).

Analyses were conducted using SAS Enterprise Guide 9.4 (SAS
Institute Inc., Cary, NC, USA), RStudio 2023.03.0 (RStudio: Integrated
Development for R. RStudio, PBC, Boston, MA) and Microsoft Excel for
Microsoft 365 (Microsoft, Seattle, WA, USA).
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Ethics approval

Ethics approval was not required as data from IQVIA were received
in deidentified aggregated form.

Results
Trends in the sales of all OAT medicines

Over the study period, the estimated number of OAT client-months in
Australia increased steadily, from 35,733 client-months in January 2013
to 53,501 client-months in December 2022 (50 % increase; Fig. 1A,
Table S3). Accounting for population size, this equated to a 33 % in-
crease in the rate of use from 15 to 21 per 10,000 capita (2013-2022;
Fig. 1B, Table S3). In the OAT program, the estimated number of client-
months was unusually high in March 2020, coinciding with the intro-
duction of two new LAI buprenorphine formulations to market (see
Table 1) and the COVID-19 restrictions nationally; this was followed by
a decrease in April 2020 (Fig. 1A).

The distribution of OAT medicines in Australia changed over time. In
January 2013, an estimated four-fifths (78.0 %) of OAT client-months
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were for methadone, with the remainder for SL buprenorphine (22.0
%). In December 2022, fewer than half (47.8 %) of all client-months
were estimated to be for methadone, with the remainder (52.5 %)
receiving one of the two buprenorphine formulations (26.4 % SL
buprenorphine and 25.9 % LAI buprenorphine; Fig. 1C, Table S3). This
change in the distribution of OAT medicines was the result of a large
increase in SL buprenorphine (+78 % from 2013 to 2022) and a sub-
stantial uptake (from 597 client-months in September 2019 to 13,959
client-months in December 2022) of LAI buprenorphine following its
introduction to the program. In contrast, rates of methadone use
decreased (—8.5 %) from 27,862 client-months in January 2013 to
25,495 in December 2022 (Fig. 1A, Table S3).

Trends by jurisdiction

Across the decade, OAT client-months per capita were highest in
NSW, ACT and VIC and lowest in the NT and WA. In December 2022, the
number of OAT client-months per capita in NSW was more than three-
fold the number in the NT (28 vs 9 per 10,000 capita; Fig. 2, Table
S4). Rates of OAT use increased across almost all jurisdictions over the
decade, except for WA which remained steady and Tasmania which
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Fig. 1. Estimated number of OAT client-months (A), OAT client-months per 10,000 population (B), and proportion of total OAT client-months (C), per month by

medicine in Australia (2013-2022).
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increased from 2013 to 2016 before declining (Fig. 2). December 2020, remaining relatively stable to the end of 2022. In

contrast, the number of client-months accessing OAT in non-community
pharmacy settings remained relatively stable from 2013 to 2019/2020,
Trends by setting before increasing markedly (Fig. 3, Table S5). At the beginning of the
study period, fewer than 1 % of client-months accessed OAT in ‘other
The majority (70-86 %) of OAT was accessed at community phar- (including prisons)’ settings; between 2019 and 2022, this figure rose to
macies (Table S5). The estimated number of client-months accessing 5 % (Table S5).
OAT in community pharmacy increased by 32 % from January 2013 to
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Fig. 3. Number of OAT client-months per month by Australian sales setting (2013-2022).
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The distribution of medicines varied by setting (Fig. 4, Table S6). By
December 2022, more than half (57.9 %) of the 37,932 OAT client-
months in community pharmacy were estimated to be on methadone,
with the remainder receiving one of the two buprenorphine formula-
tions (33.3 % SL buprenorphine and 8.8 % LAI buprenorphine). In
comparison, in December 2022, an estimated 2,607 client-months were
utilised in other settings (including prisons) of which 93 % received LAI
buprenorphine and the remainder methadone (6.5 %) or SL buprenor-
phine (0.5 %) (Fig. 4, Table S6).

Trends by remoteness

Consistently over the study period, approximately 70 % of OAT was
provided in major cities and 20 % in inner regional areas (Table S7). Less
than 2 % of OAT was provided in remote and very remote areas. Rates of
OAT use increased across all remoteness categories over the decade
(Fig. 5). From 2013 to 2022, the greatest increase in OAT was observed
in very remote areas, from 9 client-months per 10,000 capita in January
2013 to 16 per 10,000 capita in December 2022 (+78 %). In compari-
son, major cities increased from a rate of 16 to 21 client-months per
10,000 capita (+31 %) over the same timeframe. The gap between major
cities and very remote areas reduced from a difference of 7 OAT client-
months per 10,000 capita in January 2013 to a difference of 5 OAT
client-months per 10,000 in December 2022 (Fig. 5, Table S7).

B LAl BUPRENORPHINE
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Trends by socioeconomic status

Across the decade, approximately 26 % of OAT was delivered in the
most advantaged quintile areas and 18-20 % in the most disadvantaged
areas (Table S8). Levels of OAT were highest in the most advantaged
areas (quintile 5) and lowest in the second most disadvantaged areas
(quintile 2) (Fig. 6). From 2013 to 2022, rates of OAT use increased
across all IRSAD quintiles. The greatest increases in OAT client-months
were observed in the third IRSAD quintile, from 14 client-months per
10,000 capita in January 2013 to 20 per 10,000 capita in December
2022 (+43 %). The smallest increase in OAT was observed in the most
disadvantaged quintile, from 16 client-months per 10,000 capita in
January 2013 to 20 per 10,000 capita in December 2022 (+25 %). The
gap between the most advantaged quintile and the second most disad-
vantaged quintile increased from a difference of 6 OAT client-months
per 10,000 capita in January 2013 to a difference of 8 OAT client-
months per 10,000 in December 2022 (Fig. 6, Table S8).

Impact of the introduction of LAI buprenorphine

Fig. 7 shows the estimated number of client-months predicted by our
ARIMA model in absence of LAI buprenorphine being introduced into
OAT programs in Australia (counterfactual, red line) compared with the
observed values (blue line). The estimated step change was +1.636
client-months (95 % CI 710 to 2,562) while the estimated change in
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slope was +190 client-months per month (95 % CI 28 to 351) (Table S9).
This means that the introduction of LAI buprenorphine in September
2019 was associated with an immediate, sustained increase of 1636 OAT
client-months, with a further increase of 190 OAT client-months every
month.

After adjusting for population size, there was no evidence of a sta-
tistically significant step change, however, the estimated change in slope
was weakly significant at +0.8 client-months per 100,000 Australians
per month (95 % CI —0.00 to 0.17) (Table S9). When SL buprenorphine
and methadone were modelled individually, there was an immediate

increase of 768 SL buprenorphine client-months in September 2019 (95
% CI 390 to 1148), followed by a decrease of 205 SL buprenorphine
client-months per month (95 % CI —299 to —111) until December 2022
and a change in slope of —59 methadone client-months per month (95 %
CI —95 to —24) (Table S9).

Trends in the sales of LAI buprenorphine

Since the introduction of LAI buprenorphine, the majority of use was
for monthly rather than weekly formulations (Fig. 8, Table S10). The
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+ LAIB groups are defined in Table 1.

medium strength monthly formulations were used most commonly fol-
lowed by low strength, with high strengths used less frequently. From
September 2019 to December 2022, the uptake of medium strength
monthly formulations increased from 325 to 6,782 client-months
(+1986 %), low strengths from 71 to 4,536 client-months (+6288 %)
and high strengths from 90 client-months in February 2020 to 1,787
client-months in December 2022 (+1508 %, Fig. 8, Table S10).

Sensitivity analysis

Using the lower and upper bounds of the 95 % CI of pooled mean
daily doses for methadone (69.4 mg to 78.7 mg per day) and SL
buprenorphine (14.4 mg to 17.6 mg per day), and the 25th and 75th

centiles (26 to 31 days) of the dosing intervals for LAI buprenorphine
from the chart review (Chidwick, et al., 2023a, 2023b), a range is pro-
vided for the estimated number of total OAT, methadone, and SL
buprenorphine client-months (Fig. S1) and estimated number of LAI
buprenorphine client-months only (Fig. S2). The estimated number of
client-months from sensitivity analyses ranges from 33,464 to 38,585 at
the beginning of the study (January 2013) and from 49,891 to 58,827
OAT client-months at the end of the study period (December 2022) (Fig.
S1). The estimated number of LAI buprenorphine client-months at the
end of the study period (December 2022) ranged from 13,041 to 15,400
(Fig. S2).



C. Bharat et al.

Discussion

This longitudinal post-marketing study used national sales data to
evaluate trends in the number of OAT client-months and the types of
OAT medicines used in Australia between 2013 and 2022. Over the
study period, the overall level of OAT access increased steadily, with a +
33 % estimated increase in the population-standardised number of OAT
client-months. The pattern of use of OAT medicines changed over time,
with the most common OAT medicine being methadone in 2013 and
buprenorphine in 2022. An increase in OAT utilisation was observed in
non-dominant settings and remote and very remote geographic areas
from early 2020 - coinciding with the introduction of LAI buprenor-
phine, the COVID-19 pandemic, and related interim OAT guidance and
policies. The introduction of LAI buprenorphine in September 2019 was
associated with an immediate, sustained increase in client-months in
Australia. These findings have significant implications for our under-
standing of service features which engage and support people seeking
treatment for their opioid dependence, guiding the focus of ongoing
evaluations, and supporting the strategic planning of associated policy
directions and priorities.

In Australia, there has been a significant increase in the use of LAI
buprenorphine for OAT, such that between September 2019 (the first
month LAI buprenorphine was listed on the Australian PBS) and
December 2022, the estimated number of client-months on LAI bupre-
norphine increased 23-fold, ultimately accounting for a quarter of all
Australian OAT client-months. The monthly depot injections are more
commonly used than weekly injections and account for the vast majority
of the LAI buprenorphine market. As described earlier, scale-up of LAI
buprenorphine was accelerated as a strategy to protect clients from
COVID exposure, and help adhere with density limits and social
distancing rules during the COVID-19 pandemic (Lintzeris et al., 2020).
Such models included the rapid upscale of LAI buprenorphine in
correctional centres in NSW for all new OAT clients and those already
receiving buprenorphine-naloxone, helping to relieve staffing resources
for other clinical activities (Roberts et al., 2021). In metropolitan Mel-
bourne, Victoria, a rapid-access clinic dedicated to LAI buprenorphine
was established that accepted a wide range of referral pathways at no
cost to attendees (Roberts et al., 2021; Straub et al., 2021). Despite being
approved by the Food and Drug Administration in 2017, a similar level
of uptake of LAI buprenorphine in the United States has not yet been
observed (Morgan et al., 2021), with reports that program imple-
mentation is hampered by significant logistical, administrative, and
regulatory barriers (Shah et al., 2023). Our findings highlight the
advantage that LAI buprenorphine represents as an additional option for
people seeking treatment for their opioid dependence, with promising
initial findings relating to retention (Farrell et al., 2022). Further
research is needed to understand whether LAI buprenorphine offers
similar benefits to SL buprenorphine and methadone with respect to
health and social outcomes. Given OAT coverage remains low to mod-
erate in many countries (Larney et al., 2017), LAI buprenorphine rep-
resents a potential strategy for increasing intervention coverage —
especially in prisons and other human resource-constrained settings
(Harm Reduction International, 2022).

In line with the increasing uptake of LAI buprenorphine has been the
shift towards buprenorphine (incl. SL and LAI buprenorphine formula-
tions) as the most common OAT used in Australia, with the estimated
proportion of all OAT client-months on buprenorphine increasing from a
fifth (22.0 %) in January 2013, to a third (36.9 %) in January 2019, to
more than half (52.3 %) of all estimated OAT client-months in December
2022. Given the estimated number of client-months on methadone over
the study period remained relatively stable, this finding aligns with
previous reports that buprenorphine is increasingly the medicine most
OAT clients initiate on in Australia (Bharat et al., 2021). This contrasts
with the global trend, whereby buprenorphine is not offered as a form of
OAT in a third of countries where OAT programs are available (Larney
et al., 2017). Cost may be an important driving factor, with methadone
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cheaper and more cost-effective than SL buprenorphine (World Health
Organization & Department of Mental Health & Substance Abuse,
2009). In comparison, preliminary economic modelling from seven
Australian correctional centres suggests that, despite higher medication
costs, LAI buprenorphine may be a less costly option to administer
compared to methadone (Ling et al., 2022). It is important to note that
methadone and buprenorphine have different pharmacological profiles
(Strang et al., 2020), and differ on select treatment outcomes (Degen-
hardt et al., 2019), including longer retention for methadone compared
with SL buprenorphine, and increased all-cause mortality risk in the first
4 weeks for methadone but not buprenorphine (Santo et al., 2021). Even
so, both medicines are safe, effective, and (in Australia) first-line treat-
ment options for opioid dependence (Gowing et al., 2014). This high-
lights the importance of offering different medicines within OAT
programs to cater for different client treatment needs and preferences
(Yarborough et al., 2016).

There is potentially a multitude of factors influencing the increasing
level of OAT utilisation over the study period. This finding may reflect
the increasing number of people with opioid dependence who benefited
from OAT and other harm reduction initiatives in the 1970s and 80s who
have survived to date and into older age (Australian Injecting and Illicit
Drug Users League (AIVL), 2011), resulting in a larger cohort of older
people engaging in OAT; this is reflected in the median age of OAT
clients in Australia increasing from 40 years in 2013 to 44 years in 2022
(Australian Institute of Health Welfare, 2023). It may be that the number
and types of opioid drugs for which people are seeking treatment for
may have expanded over time, with increased prescribing of opioids for
chronic non-cancer pain producing a new sub-group of clients with
iatrogenic opioid dependence (Ballantyne & LaForge, 2007; Nielsen
et al., 2016; van Rijswijk et al., 2019). Indeed, recent population esti-
mates indicate that, in NSW between 2014 and 2016, the prevalence of
opioid dependence had increased (Downing et al., 2023).

As a result of the COVID-19 pandemic, both nationally and inter-
nationally, there were significant changes to the dosing frequency for
both methadone and buprenorphine, including a move to support
increased take-home doses (Kitchen et al., 2022; Lintzeris et al., 2020;
Panwala et al., 2023). In Australia, publication of these program changes
in late April 2020 preceded the largest estimate of OAT use in a given
month up to that point of the study (May 2020: 48,560 client-months).
Despite these observations, estimates of the impact of the LAI bupre-
norphine introduction (September 2019) on population-level OAT
trends showed that, to the end of the study period, the number of
client-months on methadone remained stable while the number of SL
buprenorphine client-months declined slightly. Considering the latter in
the context of the newly available buprenorphine formulation (LAI
buprenorphine), these analyses suggest that, at the population-level, the
rapid adjustment to a more flexible and less frequent attendance model
may have succeeded in mitigating anticipated COVID-19 related barriers
to individual clients receiving ongoing OAT. Future work is needed to
understand how the COVID-19 pandemic-related guidance and policy
amendments for OAT delivery impacted patterns of treatment accessi-
bility and engagement, as well as related outcomes. This, along with an
economic evaluation of delivering OAT including different medicines in
different settings, and accounting for the recent (July 2023) reduction in
client-borne costs to access OAT in Australia (Australian Government
Department of Health & Aged Care, 2023), could be used to inform and
ensure the economic viability of existing and future dosing sites, and the
program more broadly.

This study builds on the National Opioid Pharmacotherapy Statistics
Annual Data, which provide a national overview of the number of OAT
clients in Australia on snapshot day/s by state and territory health de-
partments (Australian Institute of Health Welfare, 2023). The trends
seen in this study largely align with the annual summaries from the
NOPSAD, however some differences were observed. The client estimates
are somewhat lower than those reported in NOPSAD. At the beginning of
the study, the estimated number of OAT client-months was 24 % lower
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than the number of clients quoted by NOPSAD [June 2013: 36,215
client-months (sensitivity analysis range: 33,887 to 39,142) vs 47,442
clients in NOPSAD] and by the end of the study period this difference
had reduced, to only 6 % lower [June 2022: 52,606 client-months
(sensitivity analysis range: 49,045 to 57,343) vs 55,741 clients in
NOPSAD]. While both data sources show increasing per-capita OAT use
between 2013 and 2022, the magnitude of the increase was higher in
this study than NOPSAD. From June 2013 to June 2022, data indicate
per capita OAT use increased by +25 % in this study (from 16 to 20 OAT
clients per 10,000 population) and by +5 % (from 20 to 21 OAT clients
per 10,000 population) according to the NOPSAD collection. These
differences may be explained by differences in the ways clients are
identified in the two data sources and incomplete capture of sales in
some jurisdictions in the IQVIA data, particularly from settings other
than community pharmacy and hospital in earlier years of the study.
NOPSAD collects data on clients receiving OAT on specific day/s per
year, whereas the client estimates in this report are based on a conver-
sion of packs sold into clients treated over a month, with the assumption
that clients are retained in OAT over the full 28-day interval. As some
attrition from OAT is expected, this study may underestimate the total
number of clients accessing OAT over the month, however, if OAT
retention rates have improved over time (Bharat et al., 2021), the po-
tential for this source of underestimation would have diminished over
the study time period.

Strengths and limitations

Strengths of this study include the use of national sales data, which
provided longitudinal information on OAT not otherwise available in
any other national dataset, and capture of the vast majority of all OAT
medicine sales at monthly intervals in Australia over the study period.
Utilisation of interrupted time series analyses, a robust quasi-
experimental design method, also provided an estimate of the impact
of LAI buprenorphine on population-level OAT use. However, the find-
ings should be considered alongside several limitations.

First, the approach used in estimating the number of client-months
on OAT assumes that real-world OAT doses — and the factors known to
influence dose, including disorder severity - have remained stable over
time and across different settings. The parameters used to derive these
estimates were informed by the literature; even so, there are no
population-based data on individual-level OAT doses from Australia on
which those parameters can be verified. Further, the estimates assume
clients receive OAT over the full 28-day interval; where this is not the
case, the number of clients accessing OAT at least once a month would
be higher. Second, as the weekly low dose LAI buprenorphine formu-
lation can be used for top-up or supplemental dosing (Lintzeris et al.,
2019), inclusion of these formulations may have resulted in an over-
estimate of the number of client-months. However, this product
constituted a very small fraction (<3 %) of all LAI buprenorphine (Fig. 7,
Table S10), so it is unlikely that this has a large influence on the findings.
Third, it is not possible to eliminate the potential that these findings
were influenced by unmeasured (and/or unknown) co-occurring in-
terventions. Therefore, residual confounding in the reported estimates is
possible. Fourth, IQVIA coverage may have improved over time, which
could lead to an underestimate of OAT client-months in earlier years of
the study and an overestimate of the percentage change between 2013
and 2022. Furthermore, in some jurisdictions (Chidwick, et al., 2023a,
2023b), there is incomplete capture of sales from OAT settings other
than community pharmacy and hospitals (e.g., prisons, clinics and
medical centres) in the IQVIA data, which could lead to a slight un-
derestimate of national OAT client-months. Finally, the geographic in-
formation provided by IQVIA for non-community pharmacy/hospital
settings was less granular so there may be some misclassification of
remoteness and socioeconomic categories in these settings.

In conclusion, there has been an increase in OAT utilisation in
Australia over the past decade, with variation in patterns for individual
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medicines, such that buprenorphine has replaced methadone as the most
common OAT used. Importantly, there has been an increase in OAT
utilisation in non-community settings, and in remote and very remote
geographic areas since early 2020 - coinciding with the introduction of
LAI buprenorphine, the COVID-19 pandemic, and related interim OAT
guidance and policies. Collectively, these results suggest that — at the
population-level - the benefits afforded by these changes in service
organisation and delivery improved the accessibility of OAT for people
with opioid dependence, especially minority groups. It is yet to be
determined if the increased utilisation is associated with net benefits or
harms for people with opioid dependence, so determining the clinical
outcomes of these changes is now critical. Future work on the overall
costs and cost effectiveness of OAT would assist in future service
planning.
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