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Abstract
Background South Korea is unique in that it leads global markets in R&D as well as production of biosimilar products and 
was the first market into which some biosimilar products were introduced. We analyzed the time trend of market penetration 
and simulated saved spending by biosimilars in South Korea.
Methods We pulled Korean National Health Insurance claims data from January 2012–December 2018 for second-generation 
biologics, including infliximab, rituximab, and trastuzumab, and examined the time trends of expenditure, utilization in 
defined daily dose, and price. We also assessed market penetration by biosimilars and simulated expenditure savings gained 
due to their introduction. We comparatively examined time trends and spending savings during the same period for selected 
small-molecule generic drugs to understand any specifics limited to biosimilars for time trends of market share and quantity-
standardized prices.
Results The market share for infliximab biosimilar plateaued at over 30%, which is smaller than the market penetration of 
esomeprazole (over 60%), a small-molecule comparator. Despite a shorter observation period, rituximab and trastuzumab 
biosimilars also showed larger utilization rates (12.89% and 13.93%, respectively) than infliximab (9.05%) in their second 
year after market entry. Infliximab was associated with approximately US $82–114 million expenditure savings over 6 years 
after its biosimilar entry to the market. Rituximab and trastuzumab biosimilars each also resulted in reduction in total spend-
ing by approximately US $9–14 million, in less than 2 years.
Conclusion Biosimilars captured the market rapidly, despite a heterogeneous uptake rate by product in South Korea. However, 
expansion of biosimilar use in the market and consequent expenditure savings need to be supported by pre-emptive policy 
measures to encourage price competition and boost utilization.

1 Introduction

Rising healthcare expenditure is a global concern. The 
total pharmaceutical expenditure across OECD countries 
was more than US $800 billion in 2015 [1]. Technology 
advancement in the pharmaceutical industry particu-
larly leads to innovative biological drugs such as cancer 
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immunotherapy or cell therapeutics, which are highly 
priced in general [2, 3]. However, recent patent expira-
tions of high-priced biologics and ensuing introduction of 
biosimilar products onto the market may reduce costs of 
such high-end drugs [4–8].

For traditional small-molecule drugs, cost savings by 
generic entry to the market has been investigated widely 
in the previous literature [9–18]. However, there has been 
little evidence presented on savings from the entry of bio-
similars, generic versions of biologics. Several budget 
impact analyses have projected the potential cost savings 
from biosimilars such as infliximab, rituximab, and trastu-
zumab for autoimmune diseases and breast cancer, particu-
larly in European countries [6, 19–24]. Biosimilars were 
projected to reduce spending in the USA on biologic drugs 
by US $54 billion (3% of total estimated biologics spend-
ing) from 2017 to 2026 [8], despite the biosimilar inflixi-
mab having only 5% market penetration in 2018 [25]. The 
reduction of the average medication cost for infliximab 
was found to be 30% in Korea [26], where several leading 
pharmaceutical companies have vigorously led research 
and development (R&D) of biosimilar products [14, 26]. 
Despite such evidence, our understanding about the finan-
cial impact of market entry of biosimilars remains limited, 
since the available data are scarce due to the relatively 
small number and short history of those products.

The mechanism of cost savings from the use of bio-
similars is similar to that of cost-saving from generics 
of small-molecule drugs. First, biosimilars, whose R&D 
costs are less than those of the original products, enter the 
market at lower prices. Second, the emergence of alterna-
tive treatments weakens the monopoly status of original 
products, which also can lead to a drop in prices. How-
ever, the introduction of generic medicines might expand 
the market in some treatment areas [14], and the prices 
are rigid, all of which would hinder expected cost sav-
ings by generic entries to the market. Therefore, whether 
the emergence of biosimilars contributes to cost savings 
is an empirical question to be answered by assessing the 
market share of biosimilars and the extent of decrease in 
the average price.

Pharmaceutical expenditure is contextual and influ-
enced by the healthcare system, including insurance 
schemes for pharmaceuticals. Such contextual heteroge-
neity within a given market raises the need for evidence 
from a specific healthcare system to effectively and com-
prehensively design measures for rational pharmaceuti-
cal use and spending. Korea is unique in that it leads the 
global market in R&D as well as production of biosimilar 
products, despite its overall pharmaceutical industry being 
relatively weak. A biosimilar for infliximab, the first bio-
similar product in the world, was developed by a firm in 
Korea, which also developed biosimilars for rituximab, 

trastuzumab, and etanercept. Korea is the first market in 
which those products were released. Thus, analyzing mar-
ket penetration and price movement of those biosimilars in 
Korea would contribute to global evidence.

The purpose of this study was to analyze the time trend 
of market penetration of and the saved spending from 
three second-generation biosimilars available for at least 
1 year in South Korea between 2012 and 2018: infliximab, 
rituximab, and trastuzumab. In order to understand any 
specifics limited to biosimilars, we also selected small-
molecule generic drugs to compare time trends and spend-
ing savings during the same period. The small-molecule 
generics of interest were listed in the same time window 
as the biosimilars of interest and each treatment, including 
the originator and the generic products, reimbursed 100 
billion Korean Won (KRW) or higher during the analysis 
period. This work will provide insights into what policy 
changes on biosimilars are needed to increase biosimilar 
use and savings.

2  Methods

2.1  Data

We used claims data from the National Health Insurance Ser-
vice (NHIS) for the present study. NHIS is the only public 
health insurer, with all Koreans and legal foreign residents 
as compulsory beneficiaries, and all medical providers are 
mandatory participants. The prescribers can choose whether 
to use the originator or the generic drugs without restriction 
in South Korea. This is the same for the biologic medicines 
regardless of the context of the medical practice: hospital, 
outpatient, and prescribed medicines. The NHIS claims data 
is built on insurance claims from healthcare providers, and it 
contains detailed prescription information including brand 
name, administration dosage, and frequency. Therefore, we 
can assume that our data represent literally all utilization 
of the selected drugs in South Korea. We pulled all claims 
for drugs of interest from January 2012 to December 2018.

Biosimilars of first-generation biologics have been avail-
able for some time in the fields of hematology and support-
ive cancer care [27]. More recently, biosimilars of more 
complex, second-generation biologicals, such as monoclonal 
antibodies, have been approved for treatment of rheumatoid 
arthritis (RA), other immune-related inflammatory diseases, 
and cancers [28]. In Korea, the emergence of second-genera-
tion biosimilars began in 2012, and infliximab, trastuzumab, 
rituximab, and etanercept are currently available (as of June 
2019). The current study included only infliximab, rituxi-
mab, and trastuzumab among the four second-generation 
biologicals in order to analyze at least a 12-month trajectory 
of market behaviors. All utilization data, including inpatient 
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use and dispensed medicines are analyzed for these three 
medicines.

Infliximab, the first second-generation biosimilar, is a 
treatment for chronic inflammatory autoimmune diseases, 
and is indicated for RA and inflammatory bowel disease 
(IBD) [6]. The original infliximab  (Remicade®) was listed in 
2001 in the NHIS, and 3645 patients per month were treated 
on average in 2017 in South Korea. Original rituximab 
 (Mabtera®), which is widely used for oncology, hematol-
ogy, rheumatology, and nephrology, was introduced in 1998 
in the national formulary, and 2437 patients were treated 
with it per month in 2017 [29]. Trastuzumab is approved for 
the treatment of early breast cancer, advanced breast cancer, 
and metastatic gastric cancer [30]. The original trastuzumab 
 (Herceptin®) was listed in 2000 in the NHIS, and 2052 
patients were treated with it monthly in 2017. Etanercept 
has been mainly used for RA since 2004, and 2313 patients 
were treated per month in 2017 in South Korea [31].

In April 2012, the NHIS enacted a drastic pricing policy 
for drugs in the formulary, which enforces a price drop to the 
level of 53.55% of the off-patent price for small-molecule 
originators and 70–80% for the price of biologics once cor-
responding generics are listed. At the same time, the list 
price of the biosimilars and generics are capped at the low-
ered originators’ price [32]. Given that the first second-gen-
eration biosimilar product, infliximab, was listed in Decem-
ber 2012 in the national formulary (after the enforced price 
cut in April 2012), it is important to select small-molecule 
treatments as comparators that were exposed to the same 
pharmaceutical policy change. Among generics listed after 
the price reform in 2012, we selected imatinib, esomepra-
zole, and entecavir, which are used in the areas of hemato-
oncology, gastroenterology, and hepatology, respectively. 
All utilization data, including inpatient use and dispensed 
medicines, are analyzed for these three medicines. All of the 
generics of the selected small-molecule drugs were listed in 
the national formulary in a similar time window to those of 
the biosimilars of interest. The annual spending on each of 
these treatments has been recorded as being over 100 billion 
KRW (approximately US$91 million); therefore, the budget 
impact of them on the NHIS is significant.

2.2  Variables

The main outcome variables are spending, utilization, and unit 
price of each treatment. Spending of each drug was measured 
as monthly total expenditure, which includes the cost sub-
sidized by NHIS as well as out-of-pocket costs. Utilization 
was measured as monthly quantity used in defined daily dose 
(DDD), a standardized quantity per day to maintain efficacy 
for its main indication in adults [33]. Because no definitions of 
DDDs are available for rituximab, trastuzumab, and imatinib, 
we used the maintenance dose for main indications of each 

product approved by Ministry of Food and Drug Safety in 
Korea as a proxy measure of DDDs for those products. For 
unit price, we used cost divided by DDD of each treatment as 
the standardized measure [34]. The cost per DDD or quantity-
adjusted unit cost represents the daily cost per treatment when 
the standard maintenance dose was applied.

2.3  Analysis

First, we addressed the trend of unit cost and share of generic 
spending on a yearly basis. Then we assessed the penetration 
patterns of generics by comparing the DDD patterns of origi-
nator and corresponding generics on a monthly basis.

Second, we conducted simulations on the cost savings 
gained from the introduction of generics based on various 
assumed price changes but fixed share of utilization of gener-
ics as observed in the data. These simulations are intended 
to help understand past cost savings yielded from biosimilar 
enlisted in the NHIS, not to project future cost savings. In the 
first simulation, we assumed no price change of the origina-
tors regardless of the entry of biosimilars to the market. In 
fact, as discussed above, the NHIS enforced a price cut from 
the initial listed price at the level of 70–80% for the original 
biologics and 53.55% for the original small-molecule medi-
cines. We calculated simulated expenditure of the originators 
as the multiplication of the prices of originators before the 
entry of biosimilars to actual utilization amounts of origina-
tors. In the second simulation, we supposed no biosimilar entry 
in the market and that originators take the observed biosimi-
lar shares; the prices of originators are naturally taken as the 
initial list-prices, since we assumed no biosimilar entry to the 
national formulary. Both simulations were also conducted for 
comparator small-molecule generics of interest in order to 
understand any similarities or differences between biologics 
and small-molecule drugs in terms of time trends of market 
share and quantity-standardized prices.

We used SAS (version 9.4; SAS Institute, Cary, NC, 
USA) for data processing and analyses, and Microsoft Excel 
(version 2010) was used for simulations.

3  Results

Table 1 shows the entry dates and therapeutic indications 
of biosimilars and small-molecule comparators for the cur-
rent study. Biosimilar products of infliximab, rituximab, 
and trastuzumab were entered in the national formulary in 
December 2012, April 2017, and June 2017, respectively. 
The small-molecule generics of imatinib, esomeprazole, and 
entecavir were listed in September 2013, October 2014, and 
October 2015, respectively. Only two to three manufacturers 
for biosimilars of interest in Korea were identified, whereas 
12–89 manufacturers were found for small-molecule generic 
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comparators based on actual claims to the NHIS in 2018 
(Table 1).

The time trend of standardized price as in price per DDD 
(referred to interchangeably as unit cost hereafter) for each 
product is presented in Table 2. The unit cost (price per 
DDD) for original biologics diminished for all investigated 
products: the unit cost for original infliximab decreased by 
30.1% after 2 years from biosimilar entry to the national for-
mulary; the corresponding decreases were 20.8% for rituxi-
mab and 21.2% for trastuzumab. Small-molecule compara-
tors showed a larger reduction of unit cost following generic 
entry than biologics to the extent of 48.6% for imatinib, 
46.7% for esomeprazole, and 45.8% for entecavir in the third 
year of generic entry. However, no further reduction of unit 
cost was observed particularly for infliximab, imatinib, and 
esomeprazole, which have longer periods of observation 
after the entry of their generic products. Moreover, the unit 

costs of generics and biosimilars were only slightly lower 
than originators, and even slightly higher for esomeprazole 
(Table 2).

Table 3 shows the yearly time trend of total expenditure 
and share of biosimilars or generics for each investigated 
treatment, which shows a heterogeneous pattern by drug cat-
egory. Total expenditure for infliximab and esomeprazole 
showed an upward trend over years, whereas expenditure 
for trastuzumab, imatinib, and entecavir presented a down-
ward trend over years. The spending share for infliximab 
biosimilar reached over 30% in the sixth year from its initial 
entry to the national formulary. Even though only 2-year fol-
low-up data were available for biosimilars of rituximab and 
trastuzumab, each showed larger utilization rates (12.89% 
and 13.93%, respectively) than infliximab (9.05%) for the 
corresponding period. A large variation in the growth rate 
of spending share was observed for small-molecule generic 

Table 1  Entry date and 
therapeutic indications of 
pharmaceutical products 
included in the analysis

a Date when the prices for original products were reduced, which is the same as the index date when claims 
for generic products first appeared
b Total number of manufacturers is based on the products in the claims in 2018. The number may be smaller 
than the number listed in the national formulary

Treatments Entry  datea Indications Total number of 
 manufacturersb

Biosimilars
 Infliximab 1 December 2012 Autoimmune disease 3
 Rituximab 1 April 2017 Autoimmune diseases, cancer 2
 Trastuzumab 1 June 2017 Cancer 3

Small-molecule generics
 Imatinib 1 September 2013 Cancer 12
 Esomeprazole 1 October 2014 Peptic ulcer, gastro-esophageal 

reflux disease
89

 Entecavir 10 October 2015 Hepatitis-B virus infection 65

Table 2  Time trend of the unit cost of pharmaceutical products (US dollars/defined daily dose [DDD])

a  We presumed US $1 is equivalent to 1100 KRW based on average exchange rate in 2018 [59]
b Unit cost was calculated as the annual sum of the spending divided by the annual sum of the utilization measured in DDD, which represents 
standardized price or cost per DDD. It represents daily cost per treatment when the standard maintenance dose is applied

Calendar year Biologics Small-molecule medicines

Infliximab Rituximab Trastuzumab Imatinib Esomeprazole Entecavir

Originator Similar Originator Similar Originator Similar Originator Generic Originator Generic Originator Generic

2010 20.48 – 51.88 – 83.01 – 81.00 – 1.55 – 4.79 –
2011 18.61 – 49.89 – 76.19 – 80.55 – 1.57 – 4.75 –
2012 17.64 12.55 48.62 – 70.57 – 78.08 – 1.58 – 4.79 –
2013 13.01 12.35 48.46 – 65.08 – 69.48 29.71 1.62 – 4.80 –
2014 12.83 12.02 48.13 – 61.92 – 45.40 28.42 1.50 1.11 4.77 –
2015 12.79 12.04 48.04 – 61.92 – 40.15 28.25 1.05 0.98 4.47 2.40
2016 12.63 11.81 47.88 – 60.85 – 40.06 27.44 0.86 0.88 3.12 2.32
2017 12.61 11.66 40.77 31.30 51.93 37.41 39.99 30.41 0.86 0.89 2.59 2.32
2018 12.47 11.53 37.48 31.89 44.72 35.68 39.98 30.97 0.86 0.89 2.60 2.34
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drugs of interest given that the share during the second year 
was almost a half (47.21%) for esomeprazole, whereas it 
was only 15.45% for entecavir and 1.17% for imatinib. The 
spending share for imatinib generics remained negligible 
even in the sixth year from its initial market entry (Table 3).

We also depicted a monthly trend of utilization in DDD 
and share of biosimilars and generics in each biologics 
and small-molecule treatment. For infliximab, biosimi-
lar products penetrated markets rapidly during the early 
phase following market entry in December 2012, reaching 
approximately 30% in 48 months. The utilization shares of 
biosimilars for rituximab and trastuzumab also showed steep 
increases, each reaching approximately 20% in 12 months, 
though data for further years are not yet available (Fig. 1a). 
Generic esomeprazole infiltrated the market very rapidly to 
the maximum of 66.9%, but remained stagnant thereafter. 
Generic entecavir also showed only a quarter of total utiliza-
tion at the maximum during the observed time periods, and 
generic imatinib rarely subverted the originals in the market 
share, even several years after its entry (Fig. 1b).

Lastly, we show simulation results in Fig. 2a, b. Assum-
ing that there were no biosimilars and generics introductions 
to the market, the discrepancy between real and simulated 
spending is the retrenched budget from generic entry to the 
market. Among biosimilars, infliximab showed the largest 
savings among the three groups of biologics investigated 
in the study, with approximately US $82–114 million over 
the 6 years since its generic entry to the market, depend-
ing on the simulation scenarios. Biosimilar rituximab and 
trastuzumab also resulted in reduction in total spending by 
approximately US $9 and US $14 million, respectively, for 
less than 2 years (19 months for rituximab and 17 months for 
trastuzumab), at the maximum (Fig. 2a). For small-molecule 
comparators, entry of the generic imatinib in the national 
formulary prompted enforced reduction of original imatinib 
and consequently led to a reduction in total spending by US 

$231 million, despite the generic version having barely pen-
etrated the market. The maximum budget savings by generic 
esomeprazole and entecavir were also estimated as US $291 
and US$233 million, respectively (Fig. 2b).

4  Discussion

The current study investigated the trend of market penetra-
tion and the cost saving gained from the use of biosimi-
lar products for infliximab, rituximab, and trastuzumab in 
comparison to selected generic drugs for small-molecule 
products. Our findings show that biosimilars acquired mar-
ket share at a relatively similar rate to that of some of the 
generics of the selected small-molecule drugs, as they occu-
pied almost one-fifth of the total utilization within a year 
from market entry. Given that the first-generation biosimi-
lars, including epoetin, filgrastim, and somatropin, gained 
approximately 10% of the total market within 1 year from 
their entry in Europe [35, 36], the market share growth in 
a year for the biosimilars from the current study is much 
higher. Among small-molecule generics, imatinib exhib-
ited a distinctive pattern, with little market penetration for 
generics despite a significant drop in price, possibly due to 
safety and efficacy issues of the generic versions in other 
countries [37–40]. In the USA, by contrast, the prescription 
share of generic imatinib has increased to 74% amid slow 
price drops since original imatinib’s patent had expired [41]. 
Additionally, it is worth noting that the generic having the 
most manufacturers, esomeprazole, had the highest market 
share and the generic with the least manufacturers, imatinib, 
had the lowest market share. Also, the generic with arguably 
the least severe indications, esomeprazole, had the highest 
market share.

Studies have cast doubt on the proposition that bio-
similars can command a market share as easily as generic 

Table 3  Annual expenditure and the share of biosimilar and generic products (US $1000) by treatment

Calendar year Total expenditure (% of spending by biosimilars and generics)

Biologics Small-molecule medicines

Infliximab Rituximab Trastuzumab Imatinib Esomeprazole Entecavir

2010 16,394 (0.00) 18,321 (0.00) 41,415 (0.00) 89,033 (0.00) 19,166 (0.00) 89,102 (0.00)
2011 23,015 (0.00) 20,025 (0.00) 67,574 (0.00) 97,690 (0.00) 23,496 (0.00) 132,233 (0.00)
2012 28,645 (0.17) 22,050 (0.00) 81,906 (0.00) 97,162 (0.00) 32,639 (0.00) 173,669 (0.00)
2013 28,378 (9.05) 23,810 (0.00) 81,202 (0.00) 84,917 (0.14) 43,849 (0.00) 178,281 (0.00)
2014 34,881 (18.12) 25,835 (0.00) 89,744 (0.00) 54,213 (1.17) 57,709 (11.72) 174,617 (0.00)
2015 40,473 (23.31) 28,028 (0.00) 75,956 (0.00) 48,157 (1.61) 74,545 (47.21) 157,115 (1.03)
2016 44,689 (27.26) 31,525 (0.00) 48,652 (0.00) 50,355 (1.54) 83,130 (59.91) 107,075 (15.45)
2017 50,258 (29.27) 25,169 (0.72) 35,410 (1.10) 52,433 (1.21) 103,485 (63.04) 93,805 (22.63)
2018 48,328 (30.21) 18,066 (12.89) 29,963 (13.93) 50,065 (1.02) 108,474 (66.52) 87,330 (23.74)
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small-molecule drugs [42]. A stronger preference for 
branded biologics than for small-molecule pharmaceuti-
cal products also has been reported [43–45], driven by the 
ongoing concerns over interchangeability between biologics 
and their generic versions, unlike the established standards 
for general pharmaceuticals [28, 46, 47]. Such uncertainty 
about the equivalence between original biologics and bio-
similar products restrains physicians from switching to 
biosimilars from brand biologics [43, 44, 48, 49]. Further-
more, due to high technology barriers, R&D of biosimilars 
is known to be much pricier, to the magnitude of approxi-
mately 100× in financial resources and 2–3× in time to suc-
cess, than generics for small-molecule pharmaceuticals [42, 
50–52]. Such product characteristics for biologics restrict 

the competitiveness of biosimilars in terms of price. There-
fore, in order to increase biosimilar market penetration, it is 
important to produce and inform of clinical evidence of the 
possibility of substitution.

According to the NHIS claims data, total pharmaceu-
tical expenditure can be separated into the amounts used 
for hospitalized patients, outpatient clinics, and dispensed 
prescriptions by community pharmacies. Generally, the 
pharmaceutical spending for hospitalization, outpatients, 
and dispensed prescriptions accounted for 14%, 16%, and 
70%, respectively, in 2018 [53]. For biologic medicines in 
this analysis, however, these proportions were 16%, 75%, 
and 9%, respectively, in 2018, which indicates that biologics 
have been consumed more in the hospitals and clinics than 
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Fig. 2  Simulation results on saved spending by introduction of bio-
similars (a) and small-molecule generics (b). The first scenario repre-
sents no price cut due to entry of biosimilar or small-molecule gener-
ics in the market. The second scenario represents no price reduction 

of originator despite the introduction of biosimilar or small-molecule 
generics. The blue and orange areas represent the saved spending due 
to the introduction of biosimilar of small-molecule generics, respec-
tively, under each scenario
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in community pharmacies. This consumption pattern may 
explain the lower uptake of biosimilars in the market. The 
treatments that are used for more severe disease conditions 
tend not to be replaced for the generic versions.

Biosimilar infliximab was the front-runner for biosimilars 
in South Korea and showed a slower capture of the market 
than the two small-molecule generic drugs esomeprazole 
and entecavir in the current study. However, biosimilar late-
comers for rituximab and trastuzumab exhibit a faster pen-
etration of the market than did infliximab in South Korea. 
This may indicate improved value for bioequivalence for 
latecomer biosimilars partly due to real-world evidence for 
their effectiveness in European markets [6, 19, 20]. Future 
studies need to continue to monitor the market performance 
of biosimilars as medium- to long-term data are accumulated 
for late-coming biosimilars.

Pharmaceutical products traditionally show inelastic 
demand particularly for drugs for severe diseases, which 
circumscribes price competition between original drugs and 
their generic versions [43, 44, 54]. Therefore, imposing price 
cuts for pharmaceutical products has been actively used in 
various countries such as Australia or Norway [2], as well as 
in South Korea, as a policy measure to contain drug expendi-
ture. Our findings demonstrate that contribution of generic 
versions to expenditure containment is mostly derived from 
the enforced price reduction of originals entailed by entry of 
generics to the market [55, 56]. However, the real-world uti-
lization data show almost no additional voluntary reduction 
of the list price for either biological originators or biosimi-
lars after the imposed price cut, which limited the magnitude 
of expenditure savings through biosimilar use. The same was 
observed for small-molecule treatments. To facilitate further 
price competition and market uptake of generic drugs, more 
proactive policy measures are needed.

We also show that total spending for investigated prod-
ucts expands due to the increase in quantity used, despite 
the price reduction caused by biosimilar and generic entries 
to the market. This “balloon effect” [57] was particularly 
observed for infliximab and esomeprazole, which implies 
ineffectiveness of current price cuts for containment of total 
spending. At the same time, the increased utilization may 
imply that patients could access those drugs more easily 
due to the price reduction and wider choices as a result of 
the biosimilar or generic entry. WHO reported that approx-
imately 30% of the global population still has difficulties 
accessing essential drugs for treatment, which could be alle-
viated by entry of generics to the market [58].

This study is built on the previous literature and advances 
it by assessing the market uptake of biosimilars and com-
paring it to that of generic small-molecule drugs over the 
medium term. Our findings would contribute to building 
global evidence on understanding market performances of 
biosimilars in terms of similarities and differences compared 

to traditional small-molecule drugs. However, our findings 
may not be generalizable to overall biosimilar products 
and the global market due to the limited number of bio-
similars available in the current data. We confined our data 
2012–2018, considering the drastic price cut imposed on 
all listed drugs in the national formulary in South Korea in 
April 2012. This restricted the observation periods of rituxi-
mab and trastuzumab to 2 years. We also note that DDDs of 
rituximab, trastuzumab, and imatinib were estimated based 
on their approved indications due to the lack of global meas-
urement of DDD by the WHO. The focus of this study, how-
ever, was to investigate the time trend of utilization, and, 
thus, we could explore the market penetration properly as 
long as the same DDD definition was applied for both bio-
logical originators and corresponding biosimilars. Lastly, 
the observed differences in savings between small-molecule 
generics and biosimilars could vary depending on the selec-
tion of different small-molecule compounds as comparators. 
The pharmaceutical market depends on its therapeutic field, 
such as disease severity, epidemiology, and the availability 
of treatment options. Future studies need to consider and 
categorize the characteristics of markets and explore gen-
eralized patterns.

5  Conclusion

Biosimilars captured the market rapidly in the early stages 
and plateaued at a lower level than some generics in Korea. 
Simulation results of this study also showed significant cost 
savings due to the introduction of biosimilars; however, the 
level of saving was lower than that with generic drugs. Our 
findings imply that expansion of biosimilar use in the market 
and consequent expenditure savings need to be supported by 
pre-emptive policy measures to encourage price competition 
and boost utilization.
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