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Abstract

Objective We aimed to assess whether the introduction of the first infliximab biosimilar was associated with changes in
overall infliximab consumption (originator and biosimilars) and price changes to the originator infliximab.

Methods An interrupted time series analysis using infliximab sales data from 2010 to 2020 from the IQVIA Multinational
Integrated Data Analysis System for eight selected regions: Australia, Canada, Hong Kong, Korea, India, Japan, the UK, and
the USA. Quarterly measures of infliximab consumption and list prices were respectively defined as the number of standard
units (SU)/1000 inhabitants and as 2020 USA dollars (USD)/SU.

Results Following the introduction of infliximab biosimilars, overall infliximab consumption increased in Australia [immedi-
ate change: 0.145 SU/1000 inhabitants (P = 0.014); long-term change: 0.022 SU/1000 inhabitants per quarter (P < 0.001)],
Canada [immediate change 0.415 (P = 0.008)], the UK [long-term change 0.024 (P < 0.001)], and Hong Kong [immediate
change: 0.042 (P < 0.001)]. The list price of originator infliximab also decreased following biosimilar introduction in Aus-
tralia [immediate change: — 187.84 USD/SU (P < 0.001); long-term change — 6.46 USD/SU per quarter (P = 0.043)], Canada
[immediate change: — 145.58 (P < 0.001)], the UK [immediate change: — 34.95 (P = 0.010); long-term change: — 4.77 (P
< 0.001)], and Hong Kong [long-term change: — 4.065 (P = 0.046)]. Consumption and price changes were inconsistent in
India, Japan, Korea, and the USA.

Conclusions Introduction of the first infliximab biosimilar was not consistently associated with increased consumption
across regions. Additional policy and healthcare system interventions to support biosimilar infliximab adoption are needed.

1 Introduction L . . . .
medicines in reducing costs and improving access is also

expected to be realised for biosimilars [6].

The introduction of biosimilars is linked to better acces-
sibility and affordability of biologic medicines through
reductions in drug costs [7] and greater potential for
budget cost saving [8, 9]. In Europe, biosimilars were mar-
keted at a 25-55% lower price compared with their refer-
ence biologic. Introducing biosimilars has increased bio-
logic utilization by 16% to 263% and decreased the price
of biologic originators by 27% to 50% [10]. The European
market has at least two characteristics that influence the
use of biosimilars: the European Union established the
earliest regulations and approval system for biosimilar
medicines in 2001, and has a supportive policy environ-
Kuan Peng and Joseph E. Blais contributed equally to the ment. This has resulted in both a high number of approved
manuscript. biosimilar products and a rate of biosimilar uptake in
Europe that has outpaced other countries [11].

Biologics have revolutionized the treatment of autoim-
mune diseases and cancer [1, 2]. The high cost of bio-
logics however remains a key barrier to accessing these
treatments, particularly in low-income and middle-income
countries [3]. Biosimilars represent a potential solution
to this barrier as they are less costly, are highly similar
to their reference product, and have a comparable clinical
efficacy and safety profile [4, 5]. The success of generic
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Biosimilars have improved patient access to biologic
therapy and reduced drug costs in many European coun-
tries but there is limited evidence of this effect in other
geographic regions.

Following the introduction of the infliximab biosimi-
lar, increased consumption and decreased prices of the
originator occurred only in some regions. The success
observed in Europe has not been consistently replicated
in more diverse markets and healthcare systems.

Introducing biosimilars alone may not suffice to lower
drug prices or improve access, particularly for private
healthcare systems with reimbursement policies that
favor high-cost originator biologics.

The adoption of biosimilars needs to be part of a larger
coordinated package of policy interventions designed
to accommodate their adoption and achieve anticipated
reductions in drug spending.

The success of the biosimilar market in Europe may not
be reproducible in other regions as studies have identified
multiple factors that influence biosimilar consumption (e.g.,
healthcare system, regulation, and pricing) [12—-14]. For
instance, the performance of biosimilars in the USA market
appears to be far from satisfactory having achieved only 9%
of predicted cost savings [12, 15]. Studies also report that
the introduction of biosimilars resulted in lower utilization
of overall biologics in Japan [14]. These descriptive stud-
ies have not adequately quantified the effects of biosimilar
competition nor applied robust methods for causal inference
after changes in medicine-related policy. They also omitted
the initial consumption trend before biosimilar availability
and were therefore unable to distinguish the long- and short-
term effects associated with the introduction of biosimilars.

In this study, by using infliximab as a case study, we
examined whether the introduction of biosimilars led to an
increased overall utilization of infliximab and a reduction in
the price of the originator infliximab among different coun-
tries both immediately at the time of biosimilar introduction
and in the longer term. Infliximab is an essential medicine
[16] and is a tumor necrosis factor inhibitor indicated for
the treatment of inflammatory diseases such as rheumatoid
arthritis, Crohn’s disease, ulcerative colitis, and psoriasis,
and it was one of the first approved anti-tumor necrosis
factor biologics and one of the first biosimilars to be used
in rheumatology and gastroenterology. Infliximab and its
biosimilars have considerable global sales and are widely
available in diverse markets globally [17]. To inform clini-
cians, decision makers, and health policy analysts about the
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benefits of a biosimilar introduction, we used sales data to
conduct an interrupted time series (ITS) analysis to quantita-
tively assess the effects of introducing infliximab biosimilars
on the price of originator infliximab and consumption of
overall infliximab products to a range of international mar-
kets in Asia Pacific (Australia, Hong Kong, Japan, Korea and
India), North America (Canada and the USA), and Europe
(the UK).

2 Methods
2.1 Data Source and Selected Geographical Regions

Infliximab sales data were obtained from the IQVIA-Multi-
national Integrated Data Analysis System (IQVIA-MIDAS);
a global pharmaceutical drug database covering 95% of the
global prescription drug market, [18] with coverage rates
exceeding 80% in most countries [19, 20]. Sales data were
reported as list prices at the manufacturer sales level and
standardized internationally using a series of criteria defined
by IQVIA (e.g., standardized pack volumes, product name,
monetary units) to facilitate cross-country analyses. The
validity and reliability of MIDAS have been widely evalu-
ated as good quality and used in several studies [21-24].

Sales data are collected in terms of the number of pack
units sold and are then multiplied by the price to produce
the sales. Infliximab prices comprised three groups col-
lected from different sources by MIDAS (Table 1 of the
Electronic Supplementary Material [ESM]). Source prices
were obtained at the manufacturer price level (manufac-
turer’s selling price or wholesaler’s purchase price: Hong
Kong, India, and USA); trade price level (price paid by a
retail or hospital pharmacy for products: Australia, Canada,
and UK); and the National Health Insurance reimbursement
price (official prices determined by a government funding
agency: Korea and Japan). On-invoice discounts, rebates,
bonus pack, and cash return were captured for certain chan-
nels as described in Table 1 of the ESM. All prices were
further standardized to the manufacturer level by IQVIA to
facilitate a cross-country comparison based on local con-
version factors, which were derived from information pro-
vided by health authorities, the pharmaceutical industry, and
wholesaler associations.

Our initial IQVIA-MIDAS dataset comprised quarterly
infliximab sales from Quarter 1 2010 to Quarter 4 2020 in
18 regions. Sales were reported in USA dollars (USD) for
each reporting quarter (i.e., not adjusted for inflation). Sales
volumes were presented in standard units (SU). Standard
units are determined by taking the number of counting units
sold divided by the standard unit factor, which is the small-
est common dose of a product form defined by IQVIA. For
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infliximab products in our data set, one SU represents one
vial for parenteral infusion as dry vials/bottles (New Form
Code = FQD), subcutaneous vials (FQE), or other vials

(FQY).
2.2 Biosimilar Identification and Intervention

We identified infliximab biosimilars based on the interna-
tional product name, sourced from the USA Food and Drug
Administration, European Medicines Agency, and research
articles. The intervention timepoint was the market entry of
the first infliximab biosimilar, defined as the quarter when
the first sales data were available in MIDAS. A full list of
infliximab biosimilar brand names and the earliest available
times are presented in Table 2 of the ESM.

2.3 Eligibility Criteria

To ensure adequate power of the ITS analysis, we restricted
our analysis to regions with at least eight quarters of inflixi-
mab sales data pre- and post-intervention [25]. Additionally,
to avoid extreme variations in sales as a result of extremely
low consumption, we included only regions with an aver-
age annual infliximab consumption greater than 5000 SUs.
After application of the eligibility criteria, eight regions
were included for analysis: Hong Kong, India, Japan, Korea,
Australia, Canada, the USA, and the UK.

2.4 Outcomes

Study outcomes of interest were changes in overall inflixi-
mab consumption (as measured by sales volume) and the
price of the originator infliximab following the introduc-
tion of infliximab biosimilars. We computed infliximab list
prices at the manufacturer sales level by dividing infliximab
sales in USD by the number of infliximab SU sold each
quarter and converted to 2020 USD based on the USA Con-
sumer Price Index. Prices are therefore presented in 2020
equivalent USD/SU. We removed outlier records with inf-
liximab SU prices lower than $1, which accounted for less
than 0.001% of overall infliximab sales volumes in the eight
regions. Infliximab sales were standardized for population as
SU/1000 inhabitants of each country per year, using popu-
lation data from the World Bank [26]. Next, we visualized
the annual sales volumes of infliximab and its biosimilars to
observe the trend in infliximab sales volumes and biosimilar
uptake rate over time. To assess biosimilar price differences,
we calculated the SU price of the infliximab biosimilar and
originator, respectively. Additionally, we calculated the price
difference between infliximab biosimilars and infliximab
originators in the year the biosimilar was introduced, and in

2020, representing the pricing strategies at the market entry
period and the market stable period.

2.5 Main Analysis

We performed an ITS analysis to assess the impact of the
infliximab biosimilar introduction on the change of inflixi-
mab sales volumes and the price of the infliximab origi-
nator. Changes include short-term effects (level change
at the first quarter following biosimilar introduction) and
long-term effects (slope change following biosimilar intro-
duction). An effect of the intervention on overall infliximab
consumption requires (1) both level and slope changes to be
statistically significant and in the same direction or (2) one
level or slope change to be statistically significant and the
other change insignificant. These same rules were applied
to determine the effect on pricing of the originator inflixi-
mab. The Newey—West estimator was applied to account for
the autocorrelation within the time series, allowing up to
third-order autoregressive terms [27]. A quarterly effect was
included in the model to adjust for any periodic seasonal-
ity. Additional details of the statistical model selection are
included in the ESM.

2.6 Supplementary Analysis

To validate the biosimilar’s effect on the originator price
as identified from the MIDAS data for the USA, we rep-
licated the ITS analyses on the infliximab originator
price using USA Medicaid outpatient prescription data,
extracted from the publicly available Medicaid State Drug
Utilization Data managed by the Centers for Medicare
and Medicaid Services. All 50 states and the District of
Columbia reported the Medicaid beneficiaries. Quarterly
reimbursements per prescription or per unit were calcu-
lated as a proxy for the price. All analyses were conducted
with R version 4.1.1 (R Core Team, Vienna, Austria),
and results were independently cross-checked by two
authors (KP and XT).

3 Results
3.1 Overall Infliximab Consumption

From Quarter 1 2010 to Quarter 4 2020, infliximab utili-
zation and the penetration rate increased in general, while
the size of the increase varied across regions (Fig. 1). The
highest increase in infliximab consumption, calculated by
dividing Quarter 4 2020 sales with Quarter 1 2010 sales,
was observed for Korea (7.60 times), followed by India (2.45
times), and Australia (2.34 times). Infliximab consumption
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in Hong Kong increased only by 0.15 times. By 2020, the
UK had the greatest biosimilar uptake rate (95.3%), and the
USA had the lowest biosimilar uptake rate (15.8%).

Prior to the introduction of biosimilar infliximab, the
trend in overall infliximab consumption was increasing
in Australia, Canada, India, Japan, Korea, the UK, and
the USA (Fig. 2; Table 1, all P < 0.001), but not in Hong
Kong (P = 0.421). At baseline (Quarter 1 2010), the USA
had the highest consumption of infliximab (4.63 SU/1000
inhabitants), while India had the lowest (0.0005 SU/1000
inhabitants). Canada had the most rapid increase in inflixi-
mab consumption of 0.14 SU/1000 inhabitants per quar-
ter. The level of overall infliximab consumption increased
immediately upon the biosimilar introduction in Australia
(P =0.014), Canada (P = 0.008), Hong Kong (P < 0.001),
and Korea (P = 0.007). No change was observed for India
(P =0.758), Japan (P = 0.568), the UK (P = 0.118), and
the USA (P = 0.638). After the introduction of biosimilars,
there was an accelerated uptake of infliximab in Australia

(P < 0.001), the UK (P < 0.001), and USA (P = 0.016);
with no significant change in the consumption rate in India
(P =0.120), Korea (P = 0.506), Canada (P = 0.143), and
Hong Kong (P = 0.105). Conversely, the consumption rate
in Japan declined after the introduction of the infliximab
biosimilar (P < 0.001).

3.2 Price of Infliximab Originator Product

In the latest year of data availability (2020), the unit price
of infliximab originator ranged from $196 in Australia to
$727 in Canada (Table 3 of the ESM); the unit price of
the infliximab biosimilar ranged from $133 in Australia
to $424 in the UK. In general, biosimilars were associ-
ated with a 19.2% (SD = 23.4%) price reduction compared
with the originators when first introduced to the market.
By 2020, the price reduction level had increased to 29.1%
(SD = 12.4%). In regions such as Hong Kong and Canada,
infliximab biosimilar prices were much lower than their

AUSTRALIA JAPAN INDIA
2020 NN 25% 2020 - 17.5% 2020 TN 67.8%
2010 NN 18.5% 2019 - 11.2% 2019 - s6.3%
201 TN 13.8% 2015 - 7.6% 2015 - s6.4%
2017 N 8% 2017 -, < 5% 2017 - S os.2%
2016 SR 3.3% 2016 - 26% 2016 - 47.1%
2015 - 1.1% 2015 N 14.7%
2015 10 0.2% S01a "
2014 -J— |
I 2013 S or: S
e o2 2012 S—
- 2011 [ 201 J—
- 2oro o . )
2010- I v g g ! = o Y 'o ° ‘o
o ) o o ) e 0 o © S & 8 e ) S
° 2 Q 3 2 3 s & b N = 2 S S S b5
CANADA KOREA
2020 I 1% 2020 - 57.1%
2010 N o 5% 2019 - s0.7%
2015 - 55.6%
2017 N 32:8%
2016 - 51.7%
2015 N 25%
2014 NN 22.7%
2013 10%
2012000 0.3%
2011400
20104
5 ‘o o 0 o © 3 a Agent
— <+ wn o o~ 0 ~ - -~
[} . Originator
g UK HONG KONG I siosimilar
2020 N o5.3% 2020 N 48.6%
2019 S 93.8% 20190 17.6%
2018 R 90.7% 2018 - 1.9%
2017 S 80.4% 2017
2016 S 48.1% 2016 -J
2015 0.3% 2015
2014
2014 -
201300
2013
2012400
2012
2011
2011 - s
2010 - ? . i ! o "
) ) o ‘o o =) = 0 o © S o
=3 Ll N @ < [} o o o ~ - -
USA

0
1

2
307
40
50"

Overall INF consumption/1000 inhabitants

Fig. 1 Yearly overall infliximab (INF) consumption (originator and biosimilar) between 2010 and 2020 by region. The X axis shows the con-
sumption of INF in standard units per 1000 inhabitants. Percentages indicate biosimilar market share in each year

A\ Adis



Impact of Infliximab Biosimilar Availability on Price and Consumption

413

AUSTRALIA CANADA UK USA
10,0 10.0 10.0 100
75 75 75 75
oo <

50 50 50 50 M
25 ~ == 25 25 M/’,w/ 25
00 00 00 0.0

201001 2012Q1 2014Q1 2016Q1 2018Q1 2020Q1 201001 2012Q1 2014Q1 2016Q1 2018Q1 2020Q1 201001 2012Q1 2014Q1 2016Q1 2018Q1 2020Q1 201001 2012Q1 2014Q1 2016Q1 2018Q1 2020Q1

JAPAN KOREA HONG KONG

25 25

20

05

o
°
o
o

25

20

05

MWW

0.0

2010Q1  2012Q1
INDIA

2014Q1 2016Q1 2018Q1 2020Q1 2010Q1 2012Q1 2014Q1 2016Q1 2018Q1 2020Q1

Overall INF consumption/1000 inhabitants

0.002

0.001

0.000

2010Q1 2012Q1 2014Q1 2016Q1 2018Q1 2020Q1

Fig.2 Trend in overall infliximab (INF) quarterly consumption
before and after first biosimilar INF introduction. The Y axis shows
the consumption of INF standard units per 1000 inhabitants. Shaded

originator (43-47% lower); while in Korea and the UK,
there was only a marginal difference between biosimilar
and originator prices (8—15% lower). Notably, infliximab
biosimilars were 29% more expensive than the originator
when first introduced in the USA.

Before biosimilars were introduced, originator inflixi-
mab prices presented a decreasing trend in Australia (P
= 0.002), Canada (P < 0.001), India (P < 0.001), Japan
(P < 0.001), and Korea (P < 0.001). A stable trend was
observed in Hong Kong (P = 0.605) and the UK (P =
0.155), while in the USA there was an increasing trend
in price where the originator infliximab price increased
at a rate of 5.14 USD/SU per quarter [(P < 0.001), Fig. 3;
Table 2]. Japan had the largest decreasing trend with a rate
of 19.85 USD/SU per quarter (P < 0.001). The price of the
originator infliximab decreased significantly immediately

2010Q1 2012Q1 2014Q1 2016Q1 2018Q1 2020Q1

Quarter

area represents post biosimilar introduction period. Solid line is the
actual consumption trend; dashed line simulates the counterfactual
scenario if biosimilars were not introduced

after the entry of infliximab biosimilar in Australia (P <
0.001), Canada (P < 0.001), Japan (P = 0.002), Korea (P
< 0.001), and the UK (P = 0.010); increased in the USA
(P < 0.001) and India (P = 0.009) but had no impact in
Hong Kong (P = 0.861). After the introduction of bio-
similars, the trend of the originator infliximab price fur-
ther decreased in Australia (P = 0.043), Hong Kong (P
= 0.046), UK (P < 0.001), and the USA (P < 0.001) but
increased in India (P < 0.001), Japan (P = 0.018), and
Korea (P < 0.001) and remained unchanged in Canada
(P = 0.404). In summary, our results indicate that the
introduction of the infliximab biosimilar was associated
with increased overall infliximab consumption in Aus-
tralia, Canada, Hong Kong, Korea, the UK, and USA, and
reduced infliximab originator prices in Australia, Canada,
the UK, and Hong Kong.
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Table 1 Change in the overall infliximab quarterly consumption at baseline and after introduction of the first biosimilar infliximab
Baseline level Baseline slope Level change Slope change
Estimate (95% CI) P value Estimate (95% CI) P value Estimate (95% CI) P value Estimate (95% CI) P value
Australia  0.733 (0.648, 0.818) < 0.001 0.039 (0.031, 0.046) < 0.001 0.145 (0.030, 0.261) 0.014 0.022(0.012,0.032) < 0.001
Canada 2.780 (2.686, 2.872) < 0.001 0.145(0.139,0.150) < 0.001 0.415 (0.106, 0.723) 0.008 —0.013 (- 0.030, 0.143
0.004)
Hong Kong 0.226 (0.208, 0.245) < 0.001 — 0.00036 0.421 0.042 (0.022,0.062) < 0.001 0.00147 (— 0.00031, 0.105
(- 0.00125, 0.00325)
0.00052)
India 0.00048 (0.00030, < 0.001 0.00002 (0.00001, < 0.001 0.00008 (— 0.00041, 0.758 0.00003 (- 0.00001, 0.120
0.00067) 0.00003) 0.00056) 0.00007)
Japan 1.137 (1.090, 1.184) < 0.001 0.035(0.031,0.040) < 0.001 0.030 (- 0.073, 0.568 — 0.036 (— 0.043, < 0.001
0.133) —0.028)
Korea 0.074 (0.059, 0.088) < 0.001 0.023(0.021,0.025) < 0.001 0.057 (0.016, 0.099) 0.007 0.001 (- 0.002, 0.506
0.004)
UK 1.017 (0.968, 1.066) < 0.001 0.030 (0.026,0.034) < 0.001 0.043 (- 0.011, 0.118 0.024 (0.020, 0.029) < 0.001
0.096)
USA 4.634 (4.543,4.725) < 0.001 0.036 (0.031,0.041) < 0.001 0.028 (— 0.089, 0.638 0.011 (0.002, 0.020) 0.016
0.146)

Regions with improved overall infliximab consumption after the biosimilar introduction are highlighted with bold font. Estimates are from inter-
rupted time series models for the change in intercept and slope in quarterly consumption of infliximab in corresponding regions. Consumption
measures used in the model were standardized to standard units per 1000 inhabitants, over the study period 2010 first quarter to the 2020 fourth

quarter

CI confidence interval

3.3 USA Medicaid Price Data

Using the Medicaid reimbursement data (Table 4; Fig. 1 of
the ESM), the price of the infliximab originator increased
at 8.55 USD/SU per quarter (P < 0.001) before the biosim-
ilar introduction and increased (P < 0.001) in the quarter
when the biosimilar infliximab was first introduced, with
the subsequent price slope decreased by 31.4 USD/quarter
on average (P < 0.001). Despite varied effect sizes, trends
in infliximab originator prices in MIDAS and Medicaid
were highly consistent.

4 Discussion

Given the divergent long-term and immediate impacts
of the infliximab biosimilar introduction of utilization
and costs observed in different regions, we considered
the differences in pricing strategy, reimbursement cover-
age, policy guidance, and competing products separately
for India, Japan, and the USA. Additionally, we discuss
the results for Australia, Canada, UK, Hong Kong, and
Korea together as they had consistent changes in con-
sumption and costs after the introduction of the infliximab
biosimilar.
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4.1 India

India currently does not have a mechanism for the reim-
bursement of biologics [28] and the high price of both the
originator and biosimilar products might weaken the effect
of biosimilar introduction, as cost is an important factor
influencing the behavior of both the patient and prescriber
[29]. A previous study reported that medicine costs could
account for up to 70% of overall out-of-pocket health costs
for people living in India [30]. The disease-related out-
of-pocket health costs are associated with a greater risk
of incurring catastrophic health expenditure [31]. Despite
limited health insurance coverage, the list price of inflixi-
mab in India, the only lower-middle income economy in
our study, remained relatively high compared with other
developed countries. Consequently, among the countries in
our study, India has the lowest infliximab consumption per
1000 inhabitants. In India, biologics are not currently listed
on the National List of Essential Medicines, thus the pricing
of biologics are not regulated [32] and despite a less costly
biosimilar, the price is still prohibitive for many individuals
on low incomes while those on higher incomes can afford
infliximab regardless of the lower price of the biosimilar.
Unfavorable economic conditions and a less well-regulated
pharmaceutical market has changed the dynamics of policy
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Table 2 Change in the price of originator infliximab at baseline and after introduction of the first biosimilar infliximab

Baseline level Baseline slope Level change Slope change
Estimate (95% CI) P value Estimate (95% CI) P value Estimate (95% CI) P value Estimate (95% CI) P value
Australia  896.82 (807.23, <0.001 —9.54 (- 15.67, 0.002 — 187.84 (- 266.67, <0.001 —6.46 (— 12.74, — 0.043
986.40) —3.41) —109.01) 0.19)
Canada 1,128.19 (1082.82, < 0.001 —7.20 (- 10.71, <0.001 — 14558 (— 19594, <0.001 1.50 (- 2.03,5.03) 0.404
1173.56) —3.69) -95.22)
Hong Kong 568.02 (527.90, <0.001 -0.36(-1.73, 0.605 2.03 (— 20.68, 24.74) 0.861 —4.07 (- 8.07, — 0.046
608.14) 1.01) 0.06)
India 808.85 (790.37, <0.001 -17.82 (- 19.80, < 0.001 33.76(8.29, 59.23) 0.009 12.60 (10.52, 14.69) <0.001
827.32) — 15.84)
Japan 1,236.97 (1087.70, < 0.001 —19.85(— 31.48, 0.001 — 181.79 (- 295.49, 0.002 14.23 (2.45,26.01) 0.018
1386.25) —-8.22) — 68.09)
Korea 573.52 (560.03, <0.001 —9.80(—11.85, <0.001 —123.47 (—140.02, <0.001 7.34(5.27,9.41) < 0.001
587.00) -17.75) —106.93)
UK 679.09 (663.27, <0.001 -0.97 (- 231, 0.155 —34.95(—61.42, — 0.010 —4.77 (— 6.48, — < 0.001
694.92) 0.37) 8.47) 3.07)
USA 619.20 (601.32, <0.001 5.14 (4.12,6.16) < 0.001 80.76 (36.70, <0.001 —25.34(-29.07,— <0.001
637.08) 124.81) 21.61)

Regions with reduced infliximab originator price after the biosimilar introduction are highlighted with bold font. Estimates are from interrupted
time series models for the change in intercept and slope in quarterly consumption of infliximab in corresponding region. Price was measured by
USA dollars per standard unit (monetary value in 2020), over the study period 2010 first quarter to the 2020 fourth quarter

CI confidence interval

intervention [33], which likely explains why increased utili-
zation and reduced originator prices have not been achieved
in India.

4.2 Japan

In Japan, the trend in infliximab consumption dropped
substantially after the introduction of the infliximab bio-
similar and overturned the original increasing trend in the
pre-intervention period. Previous market analysis in Europe
reported a similar phenomenon that in 21% of cases, the
introduction of lower priced biosimilars was actually asso-
ciated with a reduction in the overall number of patients
treated [13]. While the reason for such reductions remains
unclear, it could be attributed to the increased usage of other
competing biologic agents. It has been reported that pre-
scribers and patients may prefer more user-friendly agents
(e.g., golimumab, tocilizumab, adalimumab) that can be
self-administered subcutaneously, compared with infliximab
that has to be administered by an intravenous infusion [9].
Regarding pricing, biosimilars listed on the National Health
Insurance programme are priced 30% lower than originators
according to a price-link policy [14]. Despite the marked
price reduction, no policies designed to encourage bio-
similar substitution have been implemented and physicians
remain cautious in using biosimilars. Conversely, the current
drug co-payment scheme in Japan covers medication costs
exceeding a fixed threshold to control the financial burden
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on the patient. Consequently, as the cost of the infliximab
biosimilar and originator remained the same, the subsidy
system was therefore believed to disincentivize the demand
for biosimilars, resulting in a limited uptake rate of inflixi-
mab in Japan [34]. This could explain the dramatic drop
in the originator price when the biosimilar infliximab was
introduced followed by a flat trend.

4.3 USA

No national pricing or purchasing strategy currently exists to
set drug prices in the USA [33]. Pharmacy benefit managers
are third-party administrators responsible for deciding drug
reimbursement and formulary inclusion for major commer-
cial health plans, self-insured employer plans, Medicare Part
D plans, the Federal Employees Health Benefits Program,
and state government employee plans. Brand drug manufac-
turers pay rebates to pharmacy benefit managers to ensure
their products are covered. How savings from rebates are
used remains confidential. A 2019 study found only 14%
of scenarios where a biosimilar was covered with priority
to originators according to USA commercial health plans
[35]. Manufacturers of listed originator drugs thus have
limited incentive to reduce drug costs as there is limited
competition from cheaper biosimilars [36]. In the absence of
competition, brand drug manufacturers can set drug prices
at will. According to the latest report to the White House,
drug prices within the Medicare program increased more
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than twice the overall inflation rate in the past two decades
[36]. Evidence comparing the use of the originator and bio-
similar infliximab suggests that Medicare (one of the largest
payers for infusion therapies) reimbursement policies in fact
deter the use of biosimilars in an academic medical center,
as opposed to a Veteran’s Affairs Medical Center [37]. Medi-
care cannot negotiate drug prices as opposed to the Veteran’s
Affairs, which uses a centralized negotiating process and
has a national formulary. This study showed that despite a
lower average selling cost for the biosimilar infliximab, the
potential institutional incentive under the Medicare Part B
reimbursement policy was in fact greater for the origina-
tor. Moreover, Medicare Part B provides reimbursement at
a rate of the average sales price plus a 4.3% add-on fee to
cover administration costs for drugs (e.g., infliximab) that
require a hospital-based injection, which potentially incen-
tivize physicians to prescribe higher priced originators to
gain higher add-on fees according to a report for Congress
[38]. Consequently, limited biosimilars were prescribed and
the manufacturers of originators were less likely to lower
their prices. A two-quarter lag in the average selling price
explains the higher price for the first 6 months after a bio-
similar approval. This has been observed in Baker et al. [37]
and is clear in both the MIDAS and Medicaid data. This
could potentially explain the increasing originator price
before the introduction of biosimilars and the uncommon
biosimilar price, which was greater than its originator when
first introduced (Fig. 3). Regarding the divergent price trend
in the USA compared with all other regions, we addition-
ally extracted USA Medicaid outpatient prescription data
to verify the sales trends in MIDAS, which depicted almost
identical price trends to the MIDAS data. Moreover, a recent
study using Medicaid data incorporated rebates, which we
failed to capture in MIDAS data, obtained similar decreas-
ing infliximab originator price trends following a biosimi-
lar introduction [39], thus supporting the robustness of our
results.

4.4 Australia, Canada, UK, Hong Kong, and Korea

These five regions demonstrated similar consumption and
price changes after the biosimilar infliximab introduction.
In terms of pricing, all five regions have mature pricing
strategies such as tendering and negotiations, pharmaco-
economic evaluation, and reference pricing to ensure that
drug prices are not excessive [40, 41]. Manufacturers must
bid for a listing in either public or private formularies to
gain a greater market share, which incentivizes the origina-
tor manufacturer to lower prices to compete with biosimilar
manufacturers. Korea is an outlier in this group of coun-
tries; although the originator price decreased significantly
upon the biosimilar introduction, the subsequent decreasing
trend was stable, which might be a result of the trivial price

difference between the biosimilar and originator. A simi-
lar phenomenon was previously identified with the insulin
biosimilar, where the small price difference between the
biosimilar and originator led to a modest uptake rate of the
insulin biosimilar and restricted the impact of the biosimilar
introduction [42]. In terms of consumption, all five regions
showed increased consumption after introducing the biosim-
ilar infliximab, which aligns with the experience in central
European countries and Denmark [10, 43].

4.5 Avoiding the Nocebo Effect

The nocebo effect refers to the negative outcome derived
from patients’ negative expectations of treatment and not
the drug’s pharmacological action [44]. Despite the similar
efficacy and safety between biosimilars and the originator as
demonstrated in clinical trials [4, 5], many healthcare profes-
sionals have concerns about switching from the originator to
a biosimilar and remain resistant to prescribing biosimilars,
even when made aware of the cost savings associated with
biosimilar use [45]. Nocebo-reducing strategies are needed
to enhance the benefits of biosimilars, including education
on the risk versus benefits of biosimilars, and the adoption of
a shared decision-making process with patients [44].

4.6 Limitations and Strengths

The results of this study have inherent limitations. First, we
only accounted for the availability of the first infliximab
biosimilar in our ITS analysis, while recent studies have
revealed that the introduction of each successive biosimi-
lar may also contribute to a further drop in the originator
price [46, 47] and is directly applicable to Japan, UK, USA,
Canada, Australia, and Korea where more than one inflixi-
mab biosimilar was subsequently introduced (Table 2 of the
ESM). Second, we were unable to consider the impact of
other newly introduced biologics with the same indications
as infliximab (e.g., biosimilars of etanercept, adalimumab,
rituximab, or newly developed sarilumab, upadacitinib) on
the price and overall consumption of infliximab. Third, the
long-term price can also be affected by other time-varying
variables including market penetration rate and implementa-
tion of a national biosimilar policy and legislation. It should
be emphasized that our study used infliximab as a case study,
given its established use and long-term data after biosimi-
lar introduction. Our findings may not be generalizable to
other biologics. Finally, the list price of infliximab does not
necessarily equate to the cost patients pay for the drug in
clinical practice, given the complex nature of drug pricing
in different healthcare systems. Future studies should focus
on addressing the unmeasured confounding issue, and inves-
tigate how the national income level and healthcare system
will react to the introduction of biosimilars.
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To our knowledge, this is the first multi-country ITS anal-
ysis to quantitatively assess the effects of introducing bio-
similars on the overall consumption and price of an origina-
tor biologic drug. This comprehensive study included eight
diverse geographical regions, each with different healthcare
systems, income levels, and market dynamics. The findings
can enhance clinicians’ understanding about the use of inf-
liximab and the trend towards a greater use of biosimilars.
This evidence can also support clinicians in taking an active
role in their health systems to facilitate greater competition
amongst the available infliximab products and to choose the
most cost-effective infliximab product within their local con-
text. Our study allows clinicians and decision makers within
the included regions to benchmark themselves to the other
regions in terms of biosimilar adoption and could inform
development of national policies to support demand side
interventions to increase the use of infliximab biosimilars.

5 Conclusions

Following the introduction of infliximab biosimilars,
we found increased overall infliximab consumption and
reduced originator prices in Australia, Canada, Hong
Kong, and the UK, but not in India, Japan, Korea, and the
USA. The effects of biosimilar competition in increasing
biologic drug utilization and reducing originator prices are
multifactorial and therefore vary widely across regions.
The adoption of biosimilars needs to be part of a larger
coordinated package of policy interventions designed
to accommodate their adoption and achieve anticipated
reductions in spending.
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