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Objective: To compare the market dynamics of biosimilar infliximab among four
Organization for Economic Cooperation and Development (OECD) countries (UK, France,
Japan, and Korea) where supply-side and demand-side policies varied greatly, given high
and growing expenditure on biological medicines to treat immunological diseases across
countries.

Methods: A quarterly dataset covering October 2012 to March 2018 was constructed
from the MIDAS-IQVIA International database. The sales value (in USD) and volume (in
standard units) of originator infliximab and biosimilar products and their relative price in
each country were compared.

Results: With the introduction of biosimilars, the sales value of infliximab increased
approximately 2.5 times in Korea, whereas it only slightly increased (1.2 times for France
and the UK) or decreased (0.9 for Japan) in other countries. While stable market size
dynamics were observed in the other countries, an escalating market size, attributable to
the increase in originator infliximab, was observed in Korea. In the UK and France, which
have implemented demand-side policies, the sales volume of originator infliximab
appreciably decreased after the entry of biosimilar infliximab while that of biosimilars
increased; however, in Korea, which has supply-side policies based on price-linking with
few demand-side policies, the volume of originator infliximab actually increased by 70%
alongside a very limited increase in biosimilar infliximab. The lowest price ratio between
biosimilar and originator infliximab was found in Japan, at 68%. In France and Korea, the
ex-factory prices of biosimilar infliximab were 99 and 95%, respectively, of the originator
infliximab price. In the UK, the ex-factory price of biosimilar infliximab started at 87% of that
of originator infliximab and then decreased to 80% as the market matured. However,
actual price differences might differ.
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Conclusion: The uptake of biosimilar infliximab varied greatly, and in contrast to the UK,
France, and Japan, the introduction of biosimilar infliximab resulted in market expansion in
Korea, which might be explained by a lack of demand-side policies in Korea. Both supply-
and demand-side measures are necessary for health authorities to achieve desired
savings from the availability of biosimilars.
Keywords: biosimilar, market penetration, infliximab, market dynamics, cross national comparisons, Korea
INTRODUCTION

Biological medicines are among the most expensive medicines
on the market, with average costs at approximately 22 times the
cost of nonbiological drugs (Richardson, 2013). The global
market for biotechnology products accounted for 25% ($208
billion) of the total global pharmaceutical market of US$825
billion in 2017, and biotechnology products within the top 100
products based on annual expenditures have grown from just
2% in 2010 to 49% in 2017 (Malik, 2018). Accordingly, the
impact of these products on overall health expenditures has
rapidly increased (Elsevier Drug Information, 2017; GaBi, 2017;
Gleeson et al., 2019).

Recently, a number of standard biological medicines have
faced patent expiration, sparking increased interest in biosimilars
(Blackstone and Joseph, 2013; Mestre-Ferrandiz et al., 2016;
GaBi, 2017; Moorkens et al., 2017; Santos et al., 2019).
Adalimumab and omalizumab lost exclusivity rights in 2018,
and trastuzumab is scheduled to lose its patent between 2014 and
2019 in a number of countries (Pivot et al., 2018; Thill, 2019),
followed by bevacizumab and ranibizumab (GaBi, 2017).
Accordingly, a number of biosimilars are expected to actively
enter the market soon, helping to further address the budgetary
concerns that have accompanied the increasing usage of high-
cost biological medicines (Moorkens et al., 2017). Consequently,
a better understanding of market dynamics upon the entry of
biosimilars is needed to guide future activities.

According to Lubloy (2014), factors affecting new medicine
uptake are likely to have a variety of underlying economic
mechanisms. He classified these factors into macro-, meso-,
and micro-level characteristics. Macro-level includes policies
such as patent expiration, regulatory requirements, pricing and
reimbursement policies, and others. Meso-level characteristics
are prescribing characteristics of doctors, marketing efforts of
pharmaceutical companies, interpersonal communication
among doctors, drug attributes, and characteristics of patients,
and micro-level characteristics include sociodemographic and
professional characteristics of medical professionals. All of them
influence the uptake of new medicines (Lubloy, 2014).
“Biosimilar” is a regulatory term used to define a biological
medicine highly similar to another already approved biological
medicine (a “reference medicine”) (European Medicines Agency,
2019; US Food and Drug Administration, 2019). Biosimilars
differ from generic medicines in that they have highly similar,
but not the same, active ingredients compared to the reference
products (Richardson, 2013; US Food and Drug Administration,
in.org 2
2019). Several countries have implemented policies to encourage
the utilization of biosimilars including educational initiatives,
physician incentives, and (limited) pharmacist substitution
(Moorkens et al., 2017; Godman et al., 2019). In this context,
health insurers and health authorities expect potential financial
savings from biosimilars; however, savings are likely to be lower in
reality with initially higher priced biosimilars (Haustein et al.,
2003; Richardson, 2013; Mulcahy et al., 2017; Smeeding et al.,
2019). The potential for cost savings from biosimilars has been
seen in a number of studies (Haustein et al., 2003; Razanskaite
et al., 2017), and this will continue. The magnitude of cost savings
though may be different from that seen with generics due to several
clinical concerns, including safety and immunogenicity issues,
necessitating comparative clinical studies as opposed to just
bioavailability studies. However, a number of studies have now
suggested that earlier clinical concerns are less of an issue in
reality (Jorgensen et al., 2017; Komaki et al., 2017; Stebbing et al.,
2017; Vergara-Dangond et al., 2017; Cantini and Benucci, 2018),
yet each country has different policies toward biosimilars. As a
result, there is a need to review both supply- and demand-side
policies across countries forbiosimilars to enable countries to learn
from each other given the level of potential savings that can be
achievedwith thesehighexpendituremedicines.Weareaware that
the use of biological medicines varies considerably across Europe
with currently appreciably lower use among Central and Eastern
European countries versus Western European countries (Putrik
et al., 2014; Kostic et al., 2017; Baumgart et al., 2019). However, in
this paperwewanted to concentrate on both supply- and demand-
side measures where biologicals are already used and reimbursed
for these conditions to help with future policies. No doubt current
restrictions and issues of affordability surrounding the use of
biological medicines for immunological diseases will be eased by
the availability of appreciably lower cost biosimilars; however, this
is outside the scope of this study. Thus, this study aimed to explore
theuptakeof biologicalmedicines after the entryofbiosimilars and
focus on the macro-level factors affecting biosimilar uptake
including key pricing and usage-enhancing policies of each
country (Lubloy, 2014; Rémuzat et al., 2017a; Rémuzat
et al., 2017b).

Key Pricing (Supply-Side) and Usage-
Enhancing (Demand-Side) Policies on
Biosimilars in Selected Countries
As mentioned, biosimilar policies vary across countries. The
United Kingdom, France, Japan, and South Korea provide a
mixture of countries in terms of funding of health care (insurance
July 2020 | Volume 11 | Article 970
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or taxation), medicine co-payment levels, geography, and both
supply- and demand-side measures for biosimilars.

The United Kingdom
As biosimilars are typically the least expensive treatment option
following tendering, there have been a number of ongoing
strategies in the United Kingdom (UK) to accelerate their use
in hospitals (e.g., infliximab) and the community via home care
services (Razanskaite et al., 2017). For instance, Scotland
produced guidance to enhance the use of biosimilars in cases
where a biological medicine is being considered to help conserve
resources as well as allay concerns about their possible
effectiveness and safety versus those of the originator in 2015
(Health Improvement Scotland (NHS Scotland), 2015), which
was updated in 2018 (Health Improvement Scotland (NHS
Scotland), 2018). To further enhance the prescribing of
biosimilars, National Helath Services (NHS) Scotland in 2016
highlighted successful switching programs. The push to switch to
biosimilars was assisted by the British Society of Rheumatology
announcing its support for biosimilars in February 2015 (NHS
Scotland, 2016). In addition, biosimilar use is regularly tracked
by NHS Scotland as part of national therapeutic indicators (NHS
Scotland, 2017). These various regional and national activities
can help address concerns among healthcare professionals,
especially regarding switching (Aladul et al., 2018; Aladul et al.,
2019), with NHS England currently aiming for 90% of new
patients to be prescribed the best-value biological medicine
within 3 months of the launch of a biosimilar as well as
actively encouraging switching (NHS England, 2017a) to meet
the goal of an 80% biosimilar prescription rate within one year
(Davio, 2018). NHS England has also invested in many
educational activities (NHS England, 2015; NHS England,
2017b; NHS England, 2019a) and closely monitors local
adoption of biosimilars through regional teams that facilitate
implementation of national policy measures (NHS England,
2019b). The use of gainsharing agreements, where part of the
savings are shared between commissioners and providers, also
provide an important incentive for biosimilar adoption (Syrop,
2017). In addition, there has been further instigation of
competitive pricing involving multiple companies to avoid the
formation of monopolies (Davio, 2018). These combined policies
for biosimilars have resulted in significant estimated savings for
the UK. The estimated savings for infliximab were GB£99.4
million in 2017, for etanercept GB£60.3 million, and for
rituximab GB£50.4 million, with cumulative savings estimated
at US$275 million (Davio, 2018).

France
The uptake of biosimilars in France has been supported at the
national level. The French National Medicines Agency (ANSM,
Agence Nationale de Sécurité du Médicament et des Produits de
Santé) initially recommended against switching the prescription
of patients already treated with a biologic (ANSM, 2013).
However, ANSM changed its position in May 2016 because of
the positive real-world evidence available on biosimilars (ANSM,
2016). In October 2017, a new ministerial instruction (Ministère
des Solidarités et de la Santé, 2018) stated that more than 70% of
Frontiers in Pharmacology | www.frontiersin.org 3
the treatment initiation in ambulatory patients must be
performed with biosimilars where available and that switches
must be encouraged. At the same time, ANSM created a
reference list of biosimilar products, which included infliximab,
to facilitate switching between originators and biosimilars
(ANSM, 2019). In the National Health Strategy 2018–2022, the
targeted biosimilar uptake level was raised to 80% in ambulatory
patients (GaBi, 2018). With respect to biosimilar substitution,
the French situation has evolved over time. While the 2014 Social
Security Financing law in theory provided a legal basis for
pharmacy substitution under certain conditions for treatment-
naïve patients, as well as for some existing patients, to ensure
continuity of biosimilar treatment, the 2020 Social Security
Financing law has abolished this possibility of pharmacy
substitution (Ordre national des pharmaciens, 2020). However,
as an implementing decree has never been enacted, pharmacy
substitution was never allowed in practice (GaBi, 2014). In the
retail setting, the price of originator biologics is reduced by 20%,
and the price of biosimilars is expected to be 40% below the
originator’s initial price. Price revision for both products every
18–24 months is based on the penetration rate of biosimilars
(price cut between 5 and 15%) (EY Advisory and Consulting Co,
2018; TLV, 2018; World Health Organization, 2018). Biosimilars
that are used in the hospital setting, such as infliximab, are
included in tender processes on a hospital level. List prices and
hospital reimbursement of the originator and biosimilar are the
same, and any savings resulting from discounts given in the
tender process are equally shared between the hospital and payer
(Simon-Kucher and Partners. Bonn, 2016). In 2018, hospitals
that have engaged in a contract to improve prescribing quality
and efficiency could receive additional remuneration depending
on their prescription rate of biosimilar etanercept and biosimilar
insulin for ambulatory patients (Ministère des Solidarités et de la
Santé, 2018).

Japan
The Ministry for Health Labor and Welfare (MHLW) issued the
biosimilar guidelines for market approval of biosimilars in 2009,
which is based on the EU regulatory process (GaBI
Online, 2016).

In terms of pricing of biosimilars, Japan strictly regulates the
price of biosimilars yet has few usage-enhancing policies.
Specifically, biosimilars are priced 30% lower than originators
based on a price-link policy when they are listed at the National
Health Insurance program, yet usage-enhancing policies such as
International nonpropriety name (INN) prescribing, biosimilar
substitution, and prescription guidelines that encourage
biosimilar uptake are currently not implemented. Furthermore,
no clinical treatment guidelines regarding biosimilars appears to
have been issued in Japan (Hara et al., 2019). In addition, a recent
study reported that patients and pharmacists are not familiar
with biosimilars, and 43% of oncologists expressed concerns
regarding insufficient clinical evidence with biosimilars, resulting
in unfamiliarity with biosimilars and limited utilization in
practice (Tanabe et al., 2016). Consequently, it seems that
physicians are not familiar with biosimilars and face neither
incentive nor regulation to increase biosimilar uptake. In view of
July 2020 | Volume 11 | Article 970
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this Japan can be classified as a country with strong supply-side
policy (price regulation), yet few demand-side (usage-
enhancing) policies.

South Korea
The Korean Ministry of Food, Drug and Safety (MFDS) issued
biosimilar product regulatory guidelines including biosimilar
approval, selection of reference drugs, and quality, non-clinical and
clinical testing of biosimilars in 2010 (Jung, 2015). This guideline is
similar to the European, Japanese, and WHO guidelines in terms of
the scope and data requirements for authorization.

Korea also has a supply-side policy with few demand-side
measures. Biosimilars were priced approximately 30% lower than
originators; however, this discount has been reduced to just 20%
as part of a Reform Plan for Reimbursement Prices of
Biopharmaceuticals and Global Innovative Pharmaceuticals in
2016 (Jung, 2015; EY Advisory and Consulting Co, 2018). The
tendering process is used only in public hospitals (Ministry of
Government Legislation, 2020a; Ministry of Government
Legislation, 2020b; Ministry of Government Legislation,
2020c), which constitute fewer than 6% of all hospitals in
Korea (OECD Health Database, 2017). Policies to enhance
biosimilar uptake, such as substitution, INN prescribing,
reference pricing, prescription guidelines or monitoring of
prescription patterns, are not currently in place, meaning that
only one supply-side measure, namely, a price-link policy, is in
effect and that other biosimilar uptake policies are lacking.

Summary
In summary, the selected OECD countries (except the UK) have
similar pricing policies yet very different biosimilar usage-
enhancing policies (Table 1). The UK has the most aggressive
usage-enhancing policies (targeting prescriptions of biosimilars
for 90% of new patients within three months) and tendering
processes, with the policies in France falling in between (with
switching and prescribing guidance), and Korea and Japan
currently have no usage-enhancing policies in place.
Frontiers in Pharmacology | www.frontiersin.org 4
Despite the differences in biosimilar usage-enhancing
policies, few studies have compared and examined the impact
of those policies and tried to explain their implications in terms
of market dynamics, volume evolution, and cost savings. We
sought to explore these market dynamics (in terms of volume
and expenditure) after the entry of biosimilar infliximab in the
UK, France, Japan, and Korea.
METHODS

Data Sources
We constructed a quarterly dataset, extracted from the MIDAS-
IQVIA International database, for October 2012 to March 2018
(22 quarters) pertaining to the sales value (ex-manufacturer sales
in current US dollars converted from local currencies) and
volume (referred to as standard units (SU) of 100 mg/vial) for
both originator and biosimilar infliximab products. SU
represents the number of standard “dose” units sold and has
been used in previous studies using MIDAS-IQVIA data to
observe utilization patterns (Magazzini et al., 2004; Duggan
et al., 2014; Van Boeckel et al., 2014).

IQVIA data has been used in multiple studies including cross-
national and national studies including those for biological
medicines especially where it has been difficult to obtain
utilization and expenditure data from national data sources
(Danzon et al., 2011; Diao et al., 2019; Schieber et al., 2019;
Moorkens et al., 2019). Data from IQVIA was considered the
optimal source for this study involving medicines dispensed in
both hospitals and ambulatory care.

Selection of the Biosimilars for the Study
and the Countries
For international comparison, common active substances for
which biosimilar versions were available in the four selected
countries were screened. Biosimilars based on the genetic
recombinant technology (i.e. monoclonal antibodies) of five
TABLE 1 | Biosimilar policies in four OECD countries, 2012–2018.

Countries Pricing policies Usage-enhancing policies

Price fixing to the price of originator Tendering Substitution Switching Prescription
guidelines

Monitoring of
prescription
patternsFirst biosimilar Follow-on

UK Free pricing
PPRS rules apply

No specific pricing
regulation

√ √ √ √

France Below 60%a Info not available √ √ √

Japanc 70%: 10% of Premium can be
granted based on the types of
the clinical trials

60% of the first
biosimilar after 10th
biosimilar being listed

Korea (Ministry of
Health and Welfare,
2019)

70~80% None √b
July 2020 | Volum
e 11 | Article 97
aAt least 40% lower than the originator’s initial price (TLV, 2018).
bOnly public hospitals [6% of the number of hospitals (OECD Health Database, 2017)] are engaged in tendering (Ministry of Government Legislation, 2020a; Ministry of Government
Legislation, 2020b; Ministry of Government Legislation, 2020c).
cMinistry of Health, Labor, and Welfare. Update of Drug Pricing System in Japan, (Yomoto, 2017).
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substances (adalimumab, etanercept, infliximab, rituximab, and
trastuzumab) have been approved in each country. Of these, we
selected biosimilars for which the sales value could be tracked for
more than two years. As a result, only infliximab [L04AB02
(WHO, 2019)] was selected for the study since its biosimilar
version was first approved in July 2012 in Korea, in Europe in
March 2013 by the EMA (but allowed on the market only since
2015), and July 2014 in Japan. The other four molecules were not
selected due to the insufficient data coverage for the four
compared countries during the study period.

For the purpose of international comparison, we selected
OECD countries where biosimilar infliximab was available for
the given time period and sufficiently observable for the
comparison. Accordingly, the market dynamics of biosimilar
infliximab in Korea were compared with those in France, the UK
and Japan, as these countries exemplify distinct pricing,
reimbursement, and demand-side policies to include in the
analysis. In this way, market trends can be discussed in light of
varying national policy measures, and potential influences of
these measures can be explored.

Outcome Variables
To understand the market dynamics of biosimilars compared to
the originator, we focused on analyzing the following three
factors: (1) sales value (in USD), (2) sales volume, and (3)
price competition.

First, the sales value of infliximab was observed to explore to
what extent the sales of infliximab changed after the entry of
biosimilar infliximab, and these findings can also help predict
potential savings to the healthcare system. Accordingly, quarterly
sales of infliximab after the entry of the biosimilar were calculated as
a ratio with reference to the infliximab sales value at the biosimilar
entry point (Q=0). In addition, sales value ratios for both originator
and biosimilar infliximab were separately calculated to show the
market changes after the entry of competitive biosimilars.

For utilization, the sales volume share of biosimilar infliximab
was used to proxy the uptake of biosimilar infliximab over that of
its counterpart. This share was calculated by the sales volume of
biosimilars (in SU) divided by the sales volume of both the
biosimilar and originator infliximab (in SU). Additionally, the
sales volume ratio of both originator and biosimilar infliximab
was separately calculated by dividing the sales volume for each
quarter with reference to the sales volume at the time when
biosimilar infliximab was introduced (Q=0).

The price of the biosimilar versus that of its originator was
calculated at each point in time. Prices were calculated by
dividing the sales value by the sales volume. Consequently, the
price represents the price of the standard unit (SU), which is
equivalent to the ex-factory price. We are aware that the price we
used may not be the actual purchasing price, since the actual
price is confidential in countries like France and the UK.
However, the use of ex-factory prices is the second best
alternative and the same methodology has been applied in
previous studies comparing international prices (Danzon and
Furukawa, 2006; Kanavos et al., 2013). The trend of the price
Frontiers in Pharmacology | www.frontiersin.org 5
ratio shows the price level of the biosimilars compared to the
originator, along with the price competition between the two
infliximabs over time.

To increase the comparability of the market dynamics in each
country, we benchmarked the time points of the observations
from the specific time of entry of biosimilar infliximab in each
country (Q=0).
RESULTS

Overview of Infliximab Uptake by Sales
Figure 1 shows the infliximab market trend with the introduction
of infliximab biosimilar(s) in the four countries and their relative
sales values. The infliximab market size in terms of expenditure
based on ex-factory prices has not changed significantly in all
countries except Korea, where a substantial increase was observed
(Figure 1A).Specifically, the infliximab sales value in Korea
increased by approximately 2.5 times compared with that the
time when the biosimilar was first launched whereas other
countries showed a minimal or steady trend overtime (20% in
the UK and France, -10% in Japan after 12 quarters).

Figure 1B shows that the sales value (expenditure) of
originator infliximab decreased in the countries where the
market size decreased (UK, France, and Japan), whereas the
opposite trend was observed in Korea, where the sales value of
originator infliximab increased by approximately 1.7 times with
the introduction of the biosimilar. Among those countries where
the market size of originator infliximab decreased, the markets
in the UK and France plummeted (approximately 80 and 40%,
respectively), and Japan slightly decreased (20%).

Figure 1C shows that the sales value of the biosimilar
substantially increased in France (1,587.7 times) and the UK
(972.6 times), whereas a more limited increase was observed in
Japan (67.7 times) and Korea (89.6 times). Overall, the stable size
dynamics in some markets in Figure 1A, namely, the UK,
France, and Japan, also experienced a decrease in originator
infliximab sales value, whereas an increase in the expenditure of
originator infliximab was noted in Korea, where an escalating
market size was observed. Interestingly, a decrease in originator
infliximab accompanied an increase in biosimilar infliximab in
the UK and France, which was not the case in Japan.

Biosimilar Infliximab Market Share by
Sales Volume
To examine whether the market expansion was associated with
the use of originator infliximab or its biosimilar(s), Figure 2A
shows the share of biosimilar infliximab based on total sales
volume during the study period. The share of infliximab
biosimilar(s) reached approximately 89% in the UK, followed
by France (48%), and Korea (35%), whereas it was only 6% in
Japan, based on the values for quarter one of 2018 (the last time
point in the data set). Figures 2B, C show the sales volume ratio
of the originator infliximab and its biosimilar(s), respectively. In
the UK, the relative volume of originator infliximab appreciably
July 2020 | Volume 11 | Article 97
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decreased by 80% (Figure 2B), yet the volume of the biosimilar
increased by 1,058 times compared to the quarter when
biosimilar infliximab was introduced (Figure 2C), based on the
last observed value.

A similar trend was observed in France, yet in Korea, the
volume of originator infliximab actually increased by 70% during
this period (Figure 2B) alongside a very limited increase in
biosimilar infliximab (Figure 2C), suggesting that the increased
market size observed in Figure 1 is associated with increased
utilization of originator infliximab. In Japan, the utilization of
originator infliximab and its biosimilar counterparts was rather
stable (Figure 2B): the use of the former slightly decreased and of
the latter increased marginally.
Frontiers in Pharmacology | www.frontiersin.org 6
Relative Ex-Factory Price of Biosimilar
Infliximab Compared With the Originator
Figure 3 shows the relative price level between originator
infliximab and its biosimilar counterparts, which indicates the
potential financial savings with the introduction of infliximab
biosimilar(s). The lowest price ratio was found in Japan, where
the price of biosimilar infliximab was approximately 68% of that
of the originator and remained consistent during the study
period. In France and Korea, the prices of biosimilar infliximab
were 99 and 95%, respectively, of the originator infliximab price,
and the price level remained stable. In the UK, the price of
biosimilar infliximab started at 87% of the originator infliximab
price and then decreased as the market matured (80%).
A

B C

FIGURE 1 | Sales value ratio of infliximab after the entry of biosimilar infliximab in 4 countries. (A) Sales value ratio of infliximab (originator and biosimilar) at the time
shown in the quarter (numerator) and at the time of biosimilar entry (Q=0, denominator, reference). (B) Sales value ratio of originator infliximab at the time shown in
the quarter (numerator) and at the time of biosimilar entry (Q=0, denominator, reference). (C) Sales value ratio of biosimilar infliximab at the time shown in the quarter
(numerator) and at the time of biosimilar entry (Q=0, denominator, reference).
July 2020 | Volume 11 | Article 970
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DISCUSSION

This study explored the market dynamics after the entry of
biosimilar infliximab among four countries including the UK,
France, Japan, and Korea, using 22 quarters of MIDAS-IQVIA
observational data up to March 2018 focusing on the macro-level
factors such as pricing and usage enhancing policies in
each country.

Our study emphasized the importance of demand‐side policies
in biosimilar market penetration. With the introduction of
biosimilar infliximab, increased use of both the originator
infliximab and the biosimilars were observed in Korea, which
contrasted with other countries, suggesting that the introduction
of biosimilars can actually increase the financial burden without
demand side policies depending on the level of price reductions
actually achieved. Our analysis showed that the share of biosimilar
infliximab rapidly increased and its originator counterpart
Frontiers in Pharmacology | www.frontiersin.org 7
decreased in the UK and France. The UK has demonstrated the
largest biosimilar uptake, with the originator infliximab market
share plummeting and biosimilar infliximab market share
soaring simultaneously.

Although substitution is not allowed, the UK has various
usage-enhancing policies to encourage biosimilar market
penetration, such as setting prescription guidelines that
alleviate concerns over the safety and effectiveness of
biosimilars as well as prescribing targets. Considering that
unfamiliarity and concerns over interchangeability have been
reported as the main obstacles to biosimilar uptake (Aladul et al.,
2018), targeting health care providers or patients and increasing
familiarity could enhance the uptake of biosimilars. We are
aware that the price of biosimilars is typically determined
based on tendering in the UK. However, our analysis showed
that the biosimilars were priced approximately 33% lower than
the original biologic, which is typically lower than countries with
July 2020 | Volume 11 | Article 97
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FIGURE 2 | Share of biosimilar infliximab and sales volume ratio after the entry of biosimilar infliximab in 4 countries. (A) Evolution of the biosimilar infliximab share
over the total sales volume for each quarter. (B) Sales volume ratio of originator infliximab at the time shown in the quarter (numerator) and at the time of biosimilar
entry (Q=0, denominator reference). (C) Sales volume ratio of biosimilar infliximab at the time shown in the quarter (numerator) and at the time of biosimilar entry
(Q=0, denominator, reference).
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price regulations (France and Korea). This may also be an
underestimate, especially if a number of contracts are
confidential. It has been reported that biosimilar uptake is
closely related to demand-side policies, which target health
care providers and/or patients (Rémuzat et al., 2017b; Vogler
and Schneider, 2017). The UK case demonstrates the importance
of demand-side policies, with the introduction of biosimilars
rapidly resulting in cost savings by replacing the originator with
biosimilars. This can be seen with adalimumab in the UK where
a mixture of aggressive tendering coupled with demand-side
measures is expected to result in savings of approximately GB
£300 million (approximately $386 million) from expenditure
levels of GB£400 million-per-year (approximately $514 million)
prior to biosimilars (Davio, 2018). We have seen other examples
in the UK that the combination of aggressive supply-side
measures coupled with demand-side measures can achieve
considerable efficiencies whilst improving care. In the case of
lipid-lowering medicines measures to achieve very low prices for
generics, coupled with demand-side measures to increase their
prescribing and at higher doses to reduce morbidity and
mortality from cardiovascular disease, resulted in a 50%
reduction in overall expenditure between 2001 and 2015
despite a 412% increase in utilization (Leporowski et al., 2018).

France showed a similar trend, with the introduction of
biosimilar infliximab resulting in substantial uptake of the
biosimilar at the expense of its originator. On the demand side,
policies supporting interchangeability and switching target
health care providers were introduced to increase the market
penetration of biosimilars. In addition, hospital tenders, which
might not always have a biosimilar as a winner, and local
management play an important role.

The relative price level of biosimilars in Japan is lowest among
the four countries, at approximately 33% lower than the originator
(Ministry of Health, Labour and Welfare, 2018). Interestingly,
despite the relative price advantage of the biosimilar, the uptake
Frontiers in Pharmacology | www.frontiersin.org 8
of biosimilar infliximab was negligible in Japan, which might be due
to the relative unfamiliarity with biosimilars among healthcare
providers and patients in Japan (Hara et al., 2019) coupled with
the lack of automatic substitution or prescribing targets. Overall,
Japan demonstrated very strong supply-side policies based on price-
link policies, yet the lack of demand-side policies may well have
resulted in poor uptake of biosimilars. This needs to be addressed if
Japan is to benefit from the availability of lower-cost biosimilars.

Unlike the other three countries, Korea presented an interesting
and unique phenomenon. The sales value of the biosimilar and its
originator increased 2.5 times by the end of the study period
compared with the time when the biosimilar was first launched.
Market expansion was observed for both the originator and the
biosimilars, suggesting that the introduction of the biosimilar did
not come close to achieving financial savings. Considering that
generic drugs or biosimilars are typically encouraged to achieve
financial savings, the introduction of biosimilars in this case resulted
in the opposite outcome. This phenomenon is consistent with the
findings of Kwon and Godman (2016), who demonstrated that the
introduction of generics actually resulted in a market expansion
effect in Korea after the market entry of generic statins, which can be
explained by the increase in the number of patients receiving
prescriptions for generic atorvastatin enhanced by increased
promotional activities by generic manufacturers (Lee and Lee,
2013; Kwon and Godman, 2016). It is interesting to note that our
findings are consistent with those on statins, which are used in
outpatient settings, where the target population is not fully defined
and supplier-induced demand is more likely to occur, as most of the
services are reimbursed based on a fee-for-service model. However,
infliximab, unlike statins, is mostly indicated for hospitalized
patients (those affected by, e.g., Crohn’s disease, ulcerative colitis,
rheumatoid arthritis), and inelastic demand is assumed.
Consequently, it is surprising that similar to generic statins, the
introduction of biosimilar infliximab actually resulted in market
expansion. The lack of demand-side policies (usage-enhancing
FIGURE 3 | Price ratio of biosimilar infliximab in 4 countries. The price ratio is defined as the price of biosimilar infliximab (numerator) with reference to the price of
originator infliximab (denominator) in each period.
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policies) and no marked price differentiation between originators
and generics in Korea to encourage the use of generics, also
impacted on their use (Kwon and Godman, 2016). These market
expansions of biosimilar and originator infliximab may be partly
explained by supplier-induced demand in Korea (Lee and Lee, 2013;
Kwon and Godman, 2016). In addition, lowering prices means that
more patients can be treated for the same budget, which is
important where there are restrictions on the use of biological
medicines exist due to issues of affordability. In addition, in
countries where there are high co-payments for medicines such as
Central and Eastern European countries, the availability of low cost
biosimilars is expected to appreciably increase the use of biological
medicines for immunological diseases from current low bases
(Kostic et al., 2017; Baumgart et al., 2019). However, future
studies on the meso- and microlevels, such as the characteristics
of prescribers and patients, are needed to determine the detailed
reasons for the market expansion specifically shown in Korea, and
we will follow up on this in future research.

Japan, while similar to Korea in terms of lacking demand-
side measures, demonstrated a different dynamic from that of
Korea. No market expansion was observed in Japan, but strong
price regulations were imposed after the entry of biosimilar
infliximab. Sales values and volumes of the originator decreased
in Japan following the introduction of biosimilars, while they
increased in Korea. This outcome should be further researched
in light of increasing discussions regarding the rational use
of medicines.

There are several limitations in our study. First, the study
period is rather short in some countries, and only four countries
were selected, which might prevent us from comparing market
dynamics with sufficient rigor. However, biosimilars have only
been recently introduced with various launch dates across
countries, and biosimilar infliximab is a common molecule
that has been introduced in many countries with a relatively
long observation period. In addition, the four countries in our
study represent different health care systems with different
supply-side and demand-side policies. Second, our results are
based on only one biosimilar, and thus the findings might not be
generalizable to other biosimilars. However, considering that
biosimilars including adalimumab, etanercept, and rituximab are
mostly indicated for severe diseases and likely to be used by
similar medical specialties, we assume that a similar trend would
be observed if we increased the sample size. Further studies are
needed, especially as mentioned in light of the initiatives by
AbbVie to appreciably lower the price of Humira® (originator
adalimumab) across Europe since the loss of exclusivity in
October 2018 to help reduce competition (Sagonowsky, 2019).
Lastly, the price we used in this study may not reflect the true
price because of the nature of MIDAS-IQVIA data in that it is
based on sales quantity collected and produces the projected sales
value by multiplying the unit sold by a price at the manufacturer
level (IQVIA, 2009). “Real” prices are not available for the UK
and France since the actual prices are negotiated at the hospital
level or via decentralized purchasing structures, which are kept
confidential. Given that tender prices are usually effective in
Frontiers in Pharmacology | www.frontiersin.org 9
hospital settings, true prices are likely to be much more dynamic,
and we were unable to capture these prices in this study. Despite
these limitations, this study firstly attempted to explore the
market dynamics of biosimilar infliximab in Korea compared
with three other countries, i.e., the UK, France and Japan, in
terms of supply-side and demand-side measures, and secondly to
suggest some policy implications by reviewing the supply- and
demand-side measures in place in each country. It is salient that
Korea is the only country that shows counterintuitive market
dynamics, which are an undesirable signal for its National Health
Insurance system. Future studies should include a more in-depth
analysis of how regional and local practices contribute
to originator and biosimilar market dynamics as more
biosimilars are launched. More countries could also be
included to extend our findings and build on this research to
make a global comparison.
CONCLUSION

The market uptake of biosimilar infliximab varied greatly, and
the introduction of biosimilar infliximab resulted in a market
expansion in Korea, in contrast with those in the UK, France, and
Japan. Increased use of the biosimilars as well as the originator
was observed in Korea, which might be explained by a lack of
demand-side policies. Government agencies should give greater
consideration to demand-side alongside supply-side policies to
enhance the cost savings achieved by the introduction of
biosimilars in the Korean context.
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Sécurité sociale pour 2020 supprime le droit de substitution. [Biosimilars: the
law on financing of the social security for 2020 abolished the right of
substitution]. http://www.ordre.pharmacien.fr/Communications/Les-
actualites/Biosimilaires-la-loi-de-financement-de-la-Securite-sociale-pour-
2020-supprime-le-droit-de-substitution. Accessed 8 May 2020.

Pivot, X., Bondarenko, I., Nowecki, Z., Dvorkin, M., Trishkina, E., Ahn, J. H., et al.
(2018). A phase III study comparing SB3 (a proposed trastuzumab biosimilar)
and trastuzumab reference product in HER2-positive early breast cancer
treated with neoadjuvant-adjuvant treatment: final safety, immunogenicity
and survival results. Eur. J. Cancer 93, 19–27. doi: 10.1016/j.ejca.2018.01.072

Putrik, P., Ramiro, S., Kvien, T. K., Sokka, T., Pavlova, M., Uhlig, T., et al. (2014).
Inequities in access to biologic and synthetic DMARDs across 46 European countries.
Ann. Rheumatic Dis. 73 (1), 198–206. doi: 10.1136/annrheumdis-2012-202603

Razanskaite, V., Bettey, M., Downey, L., Wright, J., Callaghan, J., Rush, M., et al.
(2017). Biosimilar infliximab in inflammatory bowel disease: outcomes of a
managed switching programme. J. Crohns Colitis 11, 690–696. doi: 10.1093/
ecco-jcc/jjw216
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