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Abstract
Objective

The aim of this study was to characterise the use and costs of subsidising conventional disease-modifying anti-rheumatic 
drugs (DMARDs) and biologic DMARDs in Australia from 2004-2014 through pharmaceutical benefits schemes.

Methods
Dispensing and expenditure data on conventional and biologic DMARDs were extracted from Medicare Australia and 

temporal trends were analysed. Medicine use was standardised in terms of the defined daily dose (DDD) per 1,000 
population per day (DDD/1,000 population/day). 

Results
Conventional and biologic DMARD use increased 74% over the study period (4.86 to 8.46 DDD/1,000 population/day; 
average annual increase 6.7%). Conventional DMARDs accounted for the vast majority of total use and increased 55% 
(4.81 to 7.43 DDD/1,000 population/day), while biologic DMARD use increased 1,784% (0.055 to 1.030 DDD/1,000 

population/day). The most frequently used conventional DMARD was methotrexate (56% total conventional DMARD use) 
and use increased 95%. Hydroxychloroquine and leflunomide use increased marginally while sulfasalazine use declined 

4.2%.  Etanercept was the most commonly used biologic DMARD in 2004 and adalimumab in 2014. Conventional 
DMARD expenditure decreased 4.2% to AUD$33.3 million but biologic DMARD expenditure increased 2,089% to 

AUD$585.4 million.

Conclusion
The use of conventional and biologic DMARDs increased substantially over a decade in Australia. Patterns of use of 

conventional DMARDs have changed, and costs have decreased. In contrast a significant escalation in both the use and 
cost of biologic DMARDs has occurred. Further research is required to address cost-effectiveness, regulation and 

quality use of these medicines in clinical practice. 
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Introduction 
Pharmacological agents are integral to 
the management of many systemic au-
toimmune conditions and particularly 
those with associated inflammatory joint 
disease. Conventional disease-modify-
ing anti-rheumatic drugs (DMARDs) 
and newer biologic DMARDs are indi-
cated for conditions such as rheumatoid 
arthritis (RA), ankylosing spondylitis 
(AS) and psoriatic arthritis (PsA). 
In order to ensure timely and afford-
able access, these medicines are avail-
able to patients in Australia through the 
Pharmaceutical Benefits Scheme and 
Repatriation Pharmaceutical Benefits 
Scheme. The Australian Government 
subsidises the cost of each prescription 
that is dispensed and patients contribute 
a general or concessional co-payment. 
Data on subsidised prescriptions are 
recorded. 
Drug utilisation can be accessed 
through calculation of the defined daily 
dose (DDD) per 1,000 population per 
day (DDD/1,000 population/day) us-
ing World Health Organisation meth-
odology (1). The DDD is the assumed 
average maintenance dose per day for 
a drug used for its main indication in 
adults (1). Use of such a method fa-
cilitates comparison between different 
medicines and international drug con-
sumption patterns (1). 
There is limited published data regard-
ing the utilisation and costs of conven-
tional DMARDs in Australia (2). The 
use of the biologic DMARDs for in-
flammatory joint diseases, and the im-
pact of these high cost medications on 
the pharmaceutical benefits schemes 
has not been examined as a whole since 
2007 (3), only four years after benefits 
scheme listing of the first biologic. The 
aim of this study was to characterise the 
use and costs of subsidising convention-
al and biologic DMARDs indicated for 
RA, AS and PsA in Australia between 
2004 and 2014. 

Materials and methods 
Data collection
Conventional and biologic DMARDs 
that had been listed on the Austral-
ian Pharmaceutical Benefits Scheme 
or Repatriation Pharmaceutical Ben-
efits Scheme from January 2004 on-

wards were examined, this included 
seven conventional and nine biologic 
DMARDs. Each medicine was indexed 
by a unique item code according to 
strength, formulation, and clinical indi-
cation. Conventional DMARD general 
usage and biologic DMARD usage ex-
clusive to RA, PsA and AS treatment 
was captured where possible using 
benefit scheme item codes. All bio-
logic DMARD formulations are ben-
efit scheme authority items and may 
only be prescribed by a rheumatolo-
gist or clinical immunologist accord-
ing to stringent therapeutic criteria for 
RA, PsA and AS (3). Of the conven-
tional DMARDs, leflunomide requires 
specialist authorisation, so use in RA 
and PsA can be identified by benefit 
scheme item codes. Auranofin and so-
dium aurothiomalate are solely indi-
cated in RA according to the Australian 
Medicines Handbook (4). The remain-
ing conventional DMARDs may be 
prescribed in other autoimmune dis-
eases and therefore the results for con-
ventional DMARDs characterise total 
usage. Methotrexate is listed under 
two Anatomical Therapeutic Chemi-
cal codes on the benefit schemes (5). 
Only orally administered methotrexate 
was examined as the other indication is 
for treating cancer (L01BA01) and was 
therefore excluded (5). 

Data analysis
Data on conventional and biologic 
DMARD subsidised prescriptions were 
extracted from Medicare Australia (6). 
Reports on services (number of subsi-
dised prescriptions dispensed) and ben-
efits (cost to government) for the cal-
endar years 2004–2014 were generated 
using Pharmaceutical Benefits Scheme 
and Repatriation Pharmaceutical Ben-
efits Scheme item codes. Drug utili-
sation was calculated in defined daily 
dose (DDD) per 1,000 population per 
day (DDD/1,000 population/day) using 
World Health Organisation methodol-
ogy (1). There was no DDD for rituxi-
mab as it is primarily used for neoplas-
tic disease treatment in highly variable 
and individualised dosage ranges. The 
Australian Medicines Handbook rec-
ommended dosage of rituximab for RA 
was therefore used to estimate a DDD 
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of 8.21mg (by approximating the aver-

age yearly dose an RA patient would 
receive and dividing it by 365.25 days) 
(4). Mid-year population data were 
obtained from the Australian Bureau 
of Statistics (7). An appropriate ad-
justment was made when items were 
not subsidised for a full calendar year. 
Four conventional DMARD items 
were priced under the general patient 
co-payment at some point during the 

study period and so use data for gener-

al beneficiaries were not available. The 
use of these four DMARD items under 
general beneficiaries was approximat-
ed by considering the proportions of 
general beneficiaries in the six years 
prior to the price decrease under the co-
payment. No adjustments were made to 
account for economic inflation. Ethics 
approval was not required as the data 
were publically available and de-iden-

tified. All data were analysed using Mi-
crosoft Office Excel 2011.

Results 
Total Australian consumption of con-
ventional and biologic DMARDs 
increased 74% from 4.86 to 8.46 
DDD/1,000 population/day between 
2004 and 2014 (average annual in-
crease 6.7%). Conventional DMARDs 
accounted for the vast majority of to-
tal use and increased 55% from 4.81 to 
7.43 DDD/1,000 population/day (5.0% 
average annual increase). Methotrexate 
was the most frequently used conven-
tional DMARD with 56% of total con-
ventional DMARD use in 2014 (Fig. 
1). Methotrexate use increased 95% 
from 2.14 DDD/1,000 population/day 
in 2004 to 4.16 DDD/1,000 popula-
tion/day in 2014, including adjustments 
for general patient prescriptions priced 
under the general co-payment. Use of 
hydroxychloroquine and leflunomide 
increased slightly from 0.61 and 0.41 
DDD/1,000 population/day in 2004 to 
1.18 and 0.60 DDD/1,000 population/
day in 2014, respectively, whilst sul-
fasalazine consumption declined 4.2% 
(1.50 in 2004 to 1.43 DDD/1,000 popu-
lation/day in 2014). Use of gold salts 
and penicillamine was low at the be-
ginning of the study period and further 
decreased over time indicating limited 
use.
There was a 1,784% increase in the use 
of biologic DMARDs over the study 
period, with a 162% average annual 
increase from 0.055 in 2004 to 1.030 
DDD/1,000 population/day in 2014. 
Etanercept was the most frequently 
used biologic DMARD in 2004, but 
then moved to second after adalimumab 
from 2010 onwards (Fig. 1). These two 
medicines consistently represented two 
thirds of biologic DMARD use (67% 
of all biologic DMARD use in 2014). 
Adalimumab use increased 4,872% 
from 0.008 in 2004 to 0.383 DDD/1,000 
population/day in 2014 (443% average 
annual increase). With the exception of 
anakinra, which was delisted from the 
benefit schemes in 2010, use of all other 
biologic DMARDs increased over the 
study period.
Total government expenditure on con-
ventional DMARDs decreased 4.2% 

Fig. 1. Dispensed use (DDD/1,000 population/day) of individual conventional (upper panel) and bio-
logic DMARDs (lower panel) in RA, AS and PsA patients in Australia through the benefit schemes 
from 2004-2014. 
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from AUD$34.7 million in 2004 to 
AUD$33.3 million in 2014. The costs 
of the individual medicines sodium 
aurothiomalate, leflunomide, penicil-
lamine and sulfasalazine decreased 
steadily over the study period, while 
costs of auranofin, hydroxychloro-
quine and methotrexate increased 
slightly (Fig. 2). In 2014, conven-
tional DMARDs represented only 5% 
of the total cost of both conventional 

and biologic DMARDs. Total cost to 
government of biologic DMARDs 
increased 2,089% from AUD$26.7 
million in 2004 to AUD$585.4 mil-
lion in 2014 (190% average annual 
increase). Adalimumab and etaner-
cept combined, accounted for 63% 
of biologic DMARD expenditure for 
RA, AS and PsA in 2014, at $209.3 
million and $160.2 million respec-
tively. The subsidy of new biologic 

DMARDs in recent years contributed 
to increasing costs over the study pe-
riod for example golimumab subsi-
dised through the benefits schemes 
from 2010 increased in use by 552% 
over four years and in expenditure 
by 1,916% from AUD$3.3 million in 
2010 to AUD$66.6 in 2014.

Discussion
This study is the first to examine the 
dispensed use and government costs 
of both conventional and biologic 
DMARDS in Australia over an eleven-
year period. It updates and expands on 
previous studies (2, 8). The increase in 
total use (74%) exceeded the population 
increase (18% to 23.5 million people) 
over the decade (7). Globally, the prev-
alence of inflammatory joint diseases 
such as RA have remained relatively 
unchanged from 1990 to 2010 and Aus-
tralian estimates are unlikely to have 
changed during our study period (3, 9). 
This study captured complete dis-
pensed use and cost data for all sub-
sidised conventional DMARDs and 
biologic DMARDs (for RA, AS and 
PsA) in Australia from 2004 to 2014. 
Calculation of DDD/1,000 population/
day allows comparison of individual 
medicines and evaluation of temporal 
trends. This study however has some 
limitations. Collection of aggregated 
data does not allow dispensed use to 
be linked to individual patient diag-
noses, characteristics (e.g. age, sex 
or disease severity) or treatment (e.g. 
monotherapy or combination therapy). 
Medicare does not record data on pri-
vate prescriptions, items priced under 
the general patient co-payment (i.e. for 
general patients) and inpatient hospital 
use. Use in these categories however is 
likely to be small. There was no DDD 
for rituximab in RA as its primary in-
dication is neoplastic disease. We cal-
culated a DDD for RA treatment based 
on Australian dosing guidelines, which 
may differ from doses used elsewhere. 
The specific indication for use of some 
DMARDs (methotrexate, sulfasalazine, 
hydroxychloroquine and penicillamine) 
could not be determined. They may be 
used in other autoimmune diseases but 
the estimated prevalence of these is low 
compared to the prevalence of RA, AS 

Fig. 2. Costs (AUD$) of individual conventional DMARDs (upper panel) and biologic DMARDs 
(lower panel) in RA, AS and PsA patients in Australia through the benefits schemes from 2004-2014. 
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and PsA (3). Of interest, there was a 
decrease in dispensed use and costs for 
all medicines in 2013. The reason is un-
known but anecdotal evidence suggests 
an issue with government data collation 
in the Medicare database.
General trends in the use of conven-
tional DMARDs between 1992 and 
2004 (2) continued throughout the 
subsequent decade to 2014. The dis-
pensed use of methotrexate in Australia 
is comparable to studies in Europe. A 
population-based Finnish study found 
methotrexate was prescribed to 69% of 
newly diagnosed patients with RA in 
2006-07; a slight increase from previ-
ous years (10). In the US, methotrex-
ate was prescribed to half (49%) of 
RA patients in 2009 in rheumatology 
practices participating in a longitudinal 
(1983–2009) cohort study (11). Hy-
droxychloroquine was second to meth-
otrexate (30%) in 2009 whilst lefluna-
mide use was 13% and sulfasalazine 
use was 7%. Another US study found a 
significant increase in the use of meth-
otrexate both as a first-line agent for 
newly diagnosed RA and as part of an 
established regimen in a veterans pop-
ulation between 1999 and 2009 (12). 
This coincided with decreased use of 
sulfasalazine and hydroxychloroquine 
as initial therapy. 
Hopkins et al. recently published a re-
view of biologic DMARD use in Aus-
tralia for RA alone and demonstrated 
significantly increased usage and the 
corresponding growth of government 
expenditure to AUD$383 million in 
2014 (8). The increased use of biologic 
DMARDs was also seen in a five-year 
observational cohort study of Aus-
tralian RA patients from 2009–2014 
(13). This study linked medicine use 
with disease activity. The proportion 
of patients taking a biologic DMARD 
increased over time across all lev-
els of disease severity. In ‘remission’ 
patients, treatment with a biologic 
DMARD more than doubled from 17% 
in 2009 to 37% in 2014 (13). Use of 
the biologic DMARDs for RA includ-
ing adalimumab, etanercept and inflixi-
mab was slightly higher in Ireland, the 
Netherlands, Norway and Portugal than 
Australia between 2003 and 2007 (14-
16). It ranged from 0.32 (Portugal) to 

1.89 (Norway) DDD/1,000 population/
day for the three drugs combined, com-
pared with 0.20 DDD/1,000 popula-
tion/day for the same year in Australia. 
An increase in adalimumab, etanercept 
and infliximab use over time was ob-
served in all four European countries.
Combined with the high and increasing 
use seen internationally, it is likely the 
use of biologic DMARDs will further 
increase. The costs to government are 
growing rapidly, with adalimumab and 
etanercept (all indications) in the top 
five medicines with the highest cost to 
government (others are high volume 
medicines such as rosuvastatin, ator-
vastatin and esomeprazole). Indeed, 
government spending in the 2013–2014 
financial year on immunosuppressants 
($743.7 million) was more than double 
that of antineoplastic agents ($292.2 
million) (17). 
The biologic DMARDs are a burgeon-
ing cost to the benefit schemes in Aus-
tralia. These medicines were originally 
subsidised based on the results from 
pivotal trials and acceptable cost ef-
fectiveness analyses (18). There has 
been little subsequent evidence about 
how well these medicines work in real 
world patients. A recent study involv-
ing 1403 patients from a single outpa-
tient clinical suggested that the risk of 
adverse effects amongst rheumatoid 
arthritis patients treated with biologi-
cal DMARDs was significantly higher 
compared to those treated with conven-
tional DMARDs (19). A further govern-
ment report concluded that biological 
DMARDs were not cost-effective at 
their unit prices in 2009 (18). The first 
oral biologic DMARD (tofacitinib cit-
rate) was subsidised in 2015 for severe 
active RA on a cost-minimisation basis 
compared to adalimumab (20). Listing 
of biosimilar medicines also has the 
potential to reduce benefit scheme ex-
penditure on biologic DMARDs by ap-
proximately 20%–30% (21). 
Ensuring a balance between the optimal 
clinical use of biologic DMARDs at a 
sustainable cost to the payer is crucial 
for policy-makers and patients alike in 
Australia and across the world. Further 
research linking medicine use to health 
outcomes, safety and cost-effectiveness 
is crucial.
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