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KEYWORDS Summary

Biosimilar Objective. — Since the expiry of the patents on originator anti-TNF agents in Europe, France has
pharmaceuticals; authorized the sale of biosimilars. The penetration rate of anti-TNF agents and their biosimilars,
Tumor necrosis factor and the cost savings driven by the introduction of biosimilars appears to vary widely. This study
inhibitors; aimed to describe the market share of anti-TNFs and their biosimilars, and the cost savings
Commerce; generated by the introduction of biosimilars in French hospitals 5 years ago.

Cost savings; Methods. — The pharmaceutical component of the French national uniform hospital discharge
Hospitals data set database (PMSI) was used to study sales of infliximab, etanercept and adalimumab orig-

inators and biosimilars, and to estimate cost savings generated by the introduction of biosimilars
onto the market, using the historical tariffs of the originators.

Results. — The penetration rate of anti-TNF biosimilars in France in 76% for infliximab, 74% for
etanercept and 77% for adalimumab. In 2020, Inflectra® (41%) was the Remicade® biosimilar
with the highest sales volume, while Erelzi® (57%) and Amgevita® (64%) were the most widely
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sold biosimilars of Enbrel® and Humira® respectively. In terms of cost savings since the launch
of biosimilars, overall, for all biosimilars taken together, over the 5-year period, a total of 824
million Euro was saved, in relation to the historical tariffs of the originators.

Conclusions. — This study shows firstly that the penetration rate of anti-TNF biosimilars in
France 5 years after their launch is close to 80%. Secondly, we show that the cost savings
generated by the use of biosimilars to anti-TNF agents exceed 820 million Euro over 5 years.

© 2021 Société francaise de pharmacologie et de thérapeutique. Published by Elsevier Masson

SAS. All rights reserved.

Abbreviations

ADA adalimumab

BS biosimilars

COVID-19 Coronavirus disease 2019
ETA etanercept

INF infliximab

INN international non-proprietary name
TNF tumor necrosis factor
Introduction

Biologics are drugs that are developed based on compounds
derived from live organisms. They were initially reserved
for in-hospital use, but are now widely available in a range
of medications in the form of vaccines, hormones, or mon-
oclonal antibodies [1], such as anti-tumor necrosis factor
(TNF) agents [2].

When patents expire on originator biologics, competitor
pharmaceutical companies are entitled to produce and com-
mercialize copies of the originator, known as biosimilars.
However, due to the specific production processes of biolog-
ics, biosimilars are not exact replicas of the originator drug,
but, as their name suggests, only similar.

Releasing new drugs onto the market usually drives tar-
iffs down, since the monopoly is challenged. This was the
case when the first biosimilar for infliximab was released
in Europe [3]. In France, infliximab was the first anti-TNF
agent for which a biosimilar was released, in December 2014
[4,5], followed by the introduction of biosimilars for etaner-
cept in 2016, and for adalimumab in 2018 [6]. Infliximab is
distributed only in hospitals, whereas etanercept and adal-
imumab are also distributed in hospitals but mainly in the
community.

French legislation for the regulation of the healthcare
system stipulates that procurement procedures should be
optimized with a view to generating a target saving of
several billion Euro over the next 2 years [7]. Expanding
the market for biosimilars meets this economic objective of
containing healthcare spending on drugs. However, evalu-
ating the actual savings on the basis of the penetration rate
of each drug is challenging, since penetration depends on a
range of factors including local policies in favour of a specific

biosimilar, government incentives, marketing tactics on the
part of the pharmaceutical companies, recommendations
from scientific societies, and acceptance of these new
treatments by healthcare providers and by patients.

This study aimed to describe the current rate of penetra-
tion of anti-TNF agents in French hospitals 5 years after they
were first introduced on the market. We will also describe
the penetration rate of each anti-TNF biosimilars since its
launch, and we will estimate the savings generated through
tariffs reductions driven by the introduction of biosimilars
on the market in France.

Methods

This is a retrospective, observational study using data from
the French national uniform hospital discharge data set
database (PMSI), specifically its pharmaceutical compo-
nent [8]. All French healthcare establishments (public and
private), including hospital ambulatory clinics as well as
inpatient care, having prescribed at least one unit dose of
any one or more of the five available anti-TNF agents were
included in the analysis. We did not take into account the
ambulatory system. The five anti-TNF agents retained for
this study, and still available on the French market, are as
follows:

e infliximab: originator: Remicade®; and biosimilars:

Inflectra®, Remsima®, Flixabi®, Zessly®;

e etanercept: originator: Enbrel®; and biosimilars:
Benepali®, Erelzi®;
e adalimumab: originator: Humira®; and biosimilars:

Amgevita®, Hulio®, Hyrimoz®, Idacio®, Imraldi®;

¢ golimumab: originator: Simponi®; no biosimilars available
at this time;

e certolizumab-pegol: originator: Cimzia®; no biosimilars
available at this time.

We analysed all prescriptions of these drugs from 1 Jan-
uary 2014 to 30 April 2020.

National-level data were obtained from the national
database of the French technical agency for healthcare
informatics (Agence technique francaise de l’information
médicale). This database is compiled by all prescribers and
for each patient receiving an anti-TNF agent, the following
data were available:
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Figure 1.

e geographical code of the healthcare establishment (from
2017 to 2020);

e the product’s identifying code (from 2014 to 2020);

e the month of administration of the drug (from 2014 to
2020);

e the year of administration of the drug (from 2014 to 2020);

e the number of products administered (from 2014 to 2020).

e the actual purchase price paid by each hospital, for each
product (from 2014 to 2020)

The data query was for all data from 1 January 2014 to
30 April 2020.

In order to establish the market share of each drug, we
analysed the number of unit doses by product name, by year
and by trimester. Thus, we were able to calculate the per-
centage of each product among the total drugs prescribed,
for each international non-proprietary name (INN) and for
each brand-name. We thus compared each originator ver-
sus all its biosimilars grouped together, and categorized by
individual INN.

Finally, we estimated the economic savings generated by
the introduction of biosimilars on the market. To this end,
we calculated the volume of sales at the price negotiated
by the hospitals with the manufacturers, and also volume
of sales at the national tariff negotiated with the French
authorities responsible for the tariff of healthcare prod-
ucts. As the historical tariff, we used the tariff that was
in force before the introduction of the first biosimilar. The
savings were calculated based on the historical tariff [9].
The tariff history was taken from the French social secu-
rity system. For the tariff history, we retained the national
tariff for Remicade® in force prior to December 2014, the
regulatory tariff for Enbrel® in force prior to November
2017, and the regulatory tariff for Humira® in force prior to
October 2018; these dates correspond to the dates of first

Market share by trimester for all anti-TNF agents by number of boxes sold (Remicade® and biosimilars=10-2).

commercialization at an officially determined tariff of a
biosimilar for each anti-TNF drug [10].

To calculate the savings (S) generated over time [11], we
calculated the product of sales volume (Q) multiplied by the
difference between the historical tariff of the drug (Tger),
and the actual final hospital purchase price of the drug (i.e.
final price after group procurement, public tenders, or other
forms of price negotiation) (Pact), as follows:

S=Q x (This—Pacr)-

Even though some anti-TNF agents do not currently have
available biosimilars, we chose to analyse the cost savings
for all anti-TNFs from 2015 to 2020, in the event that there
may be a class effect, whereby the availability of biosimilars
for one patented drug might drive down the prices of other
originator drugs in the same class.

For infliximab only, to evaluate the market share of all
anti-TNF agents, a conversion factor of 10~2 was applied to
Remicade® and its biosimilars to render the dynamics of the
anti-TNF market visually comparable (Fig. 1).

Quantitative variables are expressed as raw values, and
qualitative variables as number and percentage.

Results
Volume of market sales — All anti-TNF agents

Our data were derived from hospital prescriptions, and
infliximab is dispensed exclusively in-hospital, and thus
raw data on infliximab were not comparable to those of
adalimumab and etanercept, which are mainly distributed
through community pharmacies/doctor’s surgeries.

The time required for the biosimilar of Remicade® to
reach 50% of the market share after introduction was 3
years; 2 years for the biosimilars of Enbrel® and less than
one year for the biosimilars of Humira® (Fig. 1). In parallel,
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Figure 2.

sales of Simponi® decreased from 271 boxes in 2015 to 126
in 2020, while a similar decrease was also observed for sales
of Cimzia®, dropping from 173 boxes sole in 2015 to 98 in
2020.

In the hospital setting, originator anti-TNF agents rep-
resented 97% of the market sales in 2015, but this market
share declined to 24% in 2020, while the market share for
biosimilars rose from 3% in 2015 to 76% in 2020 (Fig. 2).

Volume of market sales — Infliximab

Regarding infliximab, and the originator Remicade®, the
penetration rate declined from 96% in 2015 to 24% in 2020
(Fig. 3). Regarding the biosimilars, for Inflectra®, the market
share increased from 3% to 41% between 2015 and 2020, from
1% to 17% and 0% to 18% over the same period for Remsima®
and Flixabi®, respectively. For all biosimilars of infliximab
taken together, the market share rose from 4% in 2015 to
76% in 2020. The volume of sales of Remicade® fell from
156,000 boxes in 2015 to 48,000 boxes in 2020 (Fig. 4), while
the volume of sales of all biosimilars in 2020 represented a
total of 148,000 boxes.

Volume of market sales — Etanercept

Regarding etanercept (originator Enbrel®), the market share
dropped from 100% in 2015 to 26% in 2020. For the biosim-
ilar Benepali®, the penetration rate went from 0% in 2015
to 17% in 2020, with a peak at 36% in 2019. Similarly, the
market share of Erelzi® went from 0% to 57% over the same
period (Fig. 5). In total, for all etanercept biosimilars taken
together, their market share rose from 0% in 2015 to 74% in
2020. As shown in Fig. 6, the number of units of the origi-
nator Enbrel® sold in the hospital setting declined from 377
in 2015 to 52 in 2020. A total of 192 units of all biosimilars
together were sold in 2020.

Volume of market sales — Adalimumab

Finally, for adalimumab (originator Humira®), the penetra-
tion rate dropped from 100% in 2015 to 23% in 2020 (Fig. 7).
For the biosimilar Amgevita®, the penetration rate rose from
0% in 2015 to 64% in 2020, while the corresponding rates

Annual percent market share for all patented anti-TNF biologics and all anti-TNF biosimilars, 2015—2020.

for Hulio® and Imraldi® rose from 0% to 4% and 0% to 9%
respectively between 2015 and 2020. Hyrimoz® and Idacio®
are not sold in France in the hospital setting. For all adali-
mumab biosimilars taken together, market share rose from
0% in 2015 to 77% in 2020. As shown in Fig. 8, the number
of standard units of Humira® sold in the hospital setting in
2015 was over 2300, but this number dropped ro 367 in 2020,
while biosimilars sold a total of 1200 units in 2020.

Cost savings generated by the introduction of
biosimilars

Overall, for the French hospital market only, the intro-
duction of biosimilars generated savings of 823,530,360 €,
relative to the historical tariff; approximately 499 million
Euro saved on the prices of biosimilars, and around 325 mil-
lion saved on the prices of originators (Tables 1 and 2).

Table 1 details the cost savings generated per year by the
introduction of biosimilars, compared to the original histori-
cal tariff fixed by the French government. The savings went
from 4.4 million Euro saved on the purchase of all infliximab
biosimilars in 2015, to a total of 229 million Euro saved in
2019 across biosimilars of all anti-TNFs.

Table 2 describes the amounts saved on the purchase of
original anti-TNFs, as compared to the historical tariff, per
year. Savings ranged from 27.25 million in 2015, to almost
76 million in 2019.

Overall, for infliximab, total savings amounted to almost
805 million Euro (496 million € from biosimilars, and 309
million € from the originator). For etanercept, hospital
savings amounted to 236,158 Euro (99,636 € from biosim-
ilars, and 136,522 € from the originator). It can be noted
that by 2019, almost three-quarters of the savings gener-
ated were due to the biosimilars. Finally, for adalimumab,
hospital savings amounted to 18.7 million € (3.1 million €
from biosimilars, and 15.6 million € from the originator). Of
note, savings on purchase of the originator Humira ® were
relatively stable, at around 3.5 million from 2016 to 2018,
then dropped dramatically in 2019 after the introduction
of biosimilars, with an increase of almost 1.15 million € in
overall savings in 2019.
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Discussion

This study shows that in the five years since biosimilars of
anti-TNF agents first appeared on the market in France, the
price reductions driven by the hospital market competition

generated total savings of 824 million Euro, compared to
the costs that would have ensued if all these drugs had
been purchased at the historical tariff fixed by the French
government. Of these overall savings, approximately 499
million Euro were saved on the prices of biosimilars, and
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around 325 million on the originators. The calculations in
our study were based on the national market of hospital
sales for these drugs, as this made it possible to obtain
exhaustive and representative information for the whole
country regarding sales volumes, and the proportion of

market volume of each drug. In addition, we were able to
identify trends in sales over the 5 years period studied.
Overall, for all originators, we noted that sales began to
decline with the introduction of biosimilars, and levelled off
at approximately 25% of sales volumes, while the biosimilars
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Table 1 Reduction in the total purchase price of all anti-TNF biosimilars as compared to the historical tariff, per year

of sales (€).

BS for HUMIRA® BS for ENBREL® BS for REMICADE® Total BS
2015 0€ 0€ 4,355,892 € 4,355,892 €
2016 0€ 60€ 30,020,095 € 30,020,156 €
2017 0€ 1373 € 69,290,282 € 69,291,655 €
2018 4385€ 25,857 € 166,179,436 € 166,209,678 €
2019 3,064,347 € 72,346 € 225,820,336 € 228,957,029 €
Total 3,068,732 € 99,636 € 495,666,042 € 498,834,410 €

BS: biosimilars.

Table 2 Reduction in the total purchase price of all anti-TNF originators, as compared to the historical tariff, per year

of sales (€).

HUMIRA® ENBREL® REMICADE® Total originators
2015 3,751,069 € 23,428 € 23,476,774 € 27,248,271 €
2016 3,489,847 € 58,357 € 44,535,027 € 48,083,231<
2017 3,209,267 € 56,726 < 77,809,241 € 81,075,234€
2018 3,548,059 € —25,949€ 88,773,880€ 92,295,990€
2019 1,634,210€ 24,140€ 74,334,874€ 75,993,224€
Total 15,632,452 € 136,702 € 308,926,796 € 324,695,950€

occupied an increasing share of the market, plateauing at
around 75 to 80% of sales. We observed that for all anti-TNF
agents used in the hospital setting in France, originators
accounted for 97% of drugs in 2015, and 24% in 2020, while
conversely, biosimilars accounted for 3% in 2015 and 76% in
2020.

Regarding the individual drugs, it can be seen that the
rate of penetration of the biosimilars of infliximab has
reached the target of 80% set by the French government
[12]. Sales of all biosimilars increased, although Inflectra®
remains the most common in the French hospitals, with 41%
of market sales in 2020. For all infliximab biosimilars taken
together, the sales curve intersected that of the originator
3 years after the launch of the first biosimilar, and a slight
deceleration can be noted as the market share approaches
the national target value (Fig. 2). This stabilisation raises
questions, such as the incentives to prescribe biosimilars
becoming less attractive, or perhaps it is a natural stability
in the marketplace. Infliximab was the first anti-TNF agent
for which a biosimilar was launched in France [13], and we
can clearly see the expected drop in sales as the competi-
tor biosimilars took over a part of the market share [14,15].
It should be noted that in our study, we only included drugs
purchased for use in the hospital setting. Indeed, it is for use
exclusively in the hospital setting due to its route of adminis-
tration (by injection) [16]. This monopoly on the distributed
makes it easier to have a comprehensive overview of the
market, since there is no competition with private practice
or community-based care settings, thus yielding a true and
exhaustive picture of the penetration rate of infliximab. The
other drugs included in our study are in large part adminis-
tered in doctors’ offices and distributed through community
pharmacies, which is a limitation of this analysis. We noted

that the drop in sales of Remicade® intensified from 2017
onwards, while biosimilars for etanercept first appeared on
the market in 2016 and those of adalimumab in 2018 [17,18].
This suggests that infliximab sales may be affected by the
launch of biosimilars of other anti-TNF drugs.

Regarding etanercept, since the launch of the first
biosimilars in 2016, sales of the original Enbrel® have
declined steadily in the hospital setting, even acceler-
ating from around mid-2017. The rate of penetration of
etanercept biosimilars is also close to the national target
of 80%, mainly drive by sales of Erelzi®, which increased
dramatically from 2017 to 2020. Sales of Benepali® rose
steadily until 2019, then dropped again, a trend that may
be explained by the contemporaneous increase in sales of
Erelzi®, which in 2020 accounted for 57% of market sales,
versus only 36% in 2019 and 27% in 2020 for Benepali®. Taken
together, total sales of all etanercept biosimilars remain
lower than the total volume of sales of the originator Enbrel®
in 2016, before the biosimilars were launched. The sales
curves intercept around 2 years after the introduction of
the biosimilars. However, it should be noted that the erratic
sales pattern is illustrative of market instability. As previ-
ously seen for infliximab, the drop in hospital market share
of Enbrel® is significant, and visible as early as one year
after the introduction of the first biosimilar. The artificial
slowing of sales in 2020 is likely due to a drop in hospi-
tal activity due to the COVID epidemic [19], particularly in
medical and surgical specialties [20]. In parallel, there was
an estimated 35% less economic activity (compared to nor-
mal, non-COVID conditions) in France for the same period
[21]. During this time, many patients chose not to visit
the hospital, including hospital ambulatory clinics, with the
result that fewer physicians initiated anti-TNF treatment,
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resulting in an overall drop in sales of both biosimilars and
originators in 2020.

Finally, regarding adalimumab, as for the other anti-TNF
agents, sales of the originator dropped markedly as soon
as the biosimilars were introduced. However, it is note-
worthy that that increasing market share accounted for
by the biosimilars is driven mainly by only one biosimilar,
namely Amgevita®. Although all biosimilars of adalimumab
entered the market in late 2018, sales of Hulio® and Imraldi®
have progressed very slowly, to plateau out at around 10%.
Amgevita® alone accounted for almost 64% of sales in 2020.
However, since 2019, there has been a clear deceleration
of hospital sales of biosimilars. During the first few months
when adalimumab biosimilars were available, there was a
marked decrease in sales of the originator, while in paral-
lel, biosimilar sales rose to reach 77% of the market share
(again, close to the national target of 80%). We can see that
the penetration rate rose quicker for adalimumab biosimi-
lars than for previous anti-TNF biosimilars, as if the market
was already familiar with the reaction prompted by the
introduction of competitors. Indeed, it took 3 years for the
sales curve of infliximab biosimilars to intercept the sales
curve of the originator, where for etanercept, the inter-
ception occurred after 2 years, and for adalimumab, in less
than one year. Both prescribers and patients appears to have
become accustomed to the availability of biosimilars and the
consequences this has on the market [22], i.e. the drug is
more rapidly available for prescription, more rapidely rec-
ommended with confidence by physicians, and more rapidly
accepted by patients.

We observed that Simponi® and Cimzia®, two anti-TNFs
for which there are currently no biosimilars, have both
shown declining sales since 2017. This suggests that there
may be some effect of competition between categories
of anti-TNF agents, even though there are limited possi-
bilities for interchangeability between these drugs in the
French healthcare system for regulatory and medical rea-
sons [23,24].

To evaluate the financial gains, from the point of view
of the national insurer, generated by the introduction of
biosimilars on the market in France, it is challenging to
choose the correct price to use for the calculations. Indeed,
group procurement and/or tender negotiations mean that
the final purchase price of drugs may differ from the orig-
inal price advertised. We chose to use the historical tariff
for the originator fixed by the French authorities prior to
the introduction of competitor biosimilars, as recommended
by Le Pen et al. [25]. As a reminder, our study only shows
savings in the hospital sector; we did not study the ambu-
latory system. As etanercept and adalimumab are mainly
sold in the community, the savings are minimized here.
For infliximab, there was an increase in the savings due
to the likely lower price of the biosimilars coupled with
increasing sales. Interestingly, for etanercept, the pattern
of savings was somewhat erratic, and in 2018, there was
even a net loss, with the price paid for etanercept actually
exceeding the regulatory tariff. Savings derived from adal-
imumab biosimilars increased rapidly, exceeding more than
3 million Euro within a year. Clearly, our study shows that
overall, the introduction of biosimilars drove overall prices
and tariffs down, generating substantial savings for health-
care establishments procuring this category of drugs. These

results are comparable to previous reports from Europe
[26,27].

Conclusion

Since the launch of the first anti-TNF biosimilars in France,
the penetration rate of biosimilars has increased steadily,
from less than 5% in 2015 (for all anti-TNF biosimilars) to
over 75% in 2020 in the hospitals. This study shows that the
hospital market share of the originators has stabilised at
around 25%. Biosimilars of infliximab, which were the first to
be introduced, took three years to achieve the same hospital
market share as the originator, whereas for the biosimilars of
etanercept and adalimumab, released later, they achieved
a similar market share more quickly. This suggests that the
market had begun to adapt to the presence of biosimilars,
with more rapid availability for prescription, greater consu-
mer trust, and/or acceptance by providers and patients. Our
study also shows that sales the two originator drugs that
have no available biosimilars are declining. Therefore, there
appears to be some competition among the anti-TNF agents
themselves, with reduced sales of those for which biosim-
ilars are not available, in favour of those with available
biosimilars.

The cost savings generated by this market competition
amount to over 820 million Euro over the last 5 years in
the hospital setting. The biosimilar market depends greatly
on the involvement of prescribers, consumers, suppliers
and purchasers. The public powers also play a key medi-
ating role in the market competition, via legal regulation of
regulations regarding interchangeability of drugs, substitu-
tion of originators with biosimilars, financial incentives, and
prescription indications. Anti-TNF agents are also increas-
ingly prescribed outside the hospital setting, and therefore,
close collaboration between hospitals and community-based
distributors is essential to ensure optimal marketing condi-
tions. Improved penetration of these expensive drugs will be
to the benefit of our patients.
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