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ABSTRACT

Introduction: New biosimilars of monoclonal
antibodies are anticipated to bring significant
cost savings and increase access to treatment.
The rituximab biosimilar CT-P10 has recently
been approved in Europe in all indications held
by reference rituximab (RTX), including
rheumatoid arthritis, non-Hodgkin’s lym-
phoma, and chronic lymphocytic leukemia. We
analyzed the budgetary impact of the intro-
duction of CT-P10 into the European Union
(EU) for use in patients with rheumatoid
arthritis and cancer diagnoses, using a budget
impact analysis model.
Methods: The model used a base case scenario
in which the 1-year uptake of CT-P10 was esti-
mated at 30%, and the cost of CT-P10 was

assumed to be 70% of the cost of RTX. A second
1-year scenario was also modeled, in which the
market share of CT-P10 was assumed to be 50%
(scenario 2). Finally, 3-year time horizon out-
comes were calculated, in which the market
share of CT-P10 was assumed to be 30%, 40%,
and 50% in the first, second, and third years,
respectively.
Results: In the base case scenario, the intro-
duction of CT-P10 was associated with pro-
jected savings of €90.04 million in the first year,
which would allow 7531 additional patients to
access rituximab treatment. This was equivalent
to a 6.4% increase in the number of ritux-
imab-treated patients. In scenario 2, budget
savings were €150.10 million, with a total of
12,551 additional patients able to access ritux-
imab, equivalent to a 10.7% increase. Over a
3-year time horizon, projected budget savings
were approximately €570 million, equating to
47,695 additional patients able to access
rituximab.
Conclusions: The model predicted that the
introduction of CT-P10 in the EU will be asso-
ciated with significant budget savings, the real-
location of which will enable many more
patients to access rituximab treatment. This is
likely to have a significant impact on health
gains at patient and societal levels.
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INTRODUCTION

Rituximab was the first monoclonal antibody to
be approved for the treatment of cancer and is also
approved in the treatment of rheumatoid arthritis
(RA) (as MabThera� [Roche] in Europe and
Rituxan� [Biogen/Genentech] in the USA) [1, 2].
As this anti-CD20 monoclonal antibody has now
reached patent expiration, biosimilar versions are
in development. One such agent, CT-P10, has
recently been approved in Europe for all indica-
tions held by MabThera� (or ‘‘reference ritux-
imab’’, hereafter abbreviated as RTX) [3]. As such,
CT-P10 is the first biosimilar of a monoclonal
antibody to be approved in any cancer indication.

The European Medicines Agency (EMA)
defines a biosimilar as a product that is similar to
a biological medicine that has already been
authorized, the so-called reference product. A
similar biological product and its reference pro-
duct are expected to have the same safety and
efficacy profile and are generally used to treat the
same conditions [4]. Biosimilars of first-genera-
tion biological products (termed ‘‘first-genera-
tion biosimilars’’), including granulocyte-colony
stimulating factor and erythropoietin [5], have
been available for some time in the field of sup-
portive cancer care [6]. More recently, biosimilars
of more complex, second-generation biologicals
such as monoclonal antibodies (‘‘second-gener-
ation biosimilars’’) [5], have been approved in RA
and other immune-related inflammatory dis-
eases (e.g., the infliximab biosimilars CT-P13
[Remsima�, Celltrion], Flixabi� [Samsung Bioe-
pis], and Inflectra� [Hospira], and the etanercept
biosimilar Benepali� [Samsung Bioepis]) [6].

RTX is indicated in the treatment of RA,
non-Hodgkin’s lymphoma (NHL), chronic
lymphocytic leukemia (CLL), granulomatosis
with polyangiitis (formerly Wegener’s granulo-
matosis), and microscopic polyangiitis [1, 2]. It
is also used off-label in systemic lupus erythe-
matosus, multiple sclerosis, and neuromyelitis
optica spectrum disorders [7–11]. In this study

of the budget impact of the introduction of
CT-P10 into the European Union (EU), we focus
primarily on RA, NHL (diffuse large B cell lym-
phoma [DLBCL] and follicular lymphoma [FL]),
and CLL. All of these diseases have significant
financial impacts on global healthcare systems.
For example, RA is a chronic, progressive disease
associated with significant direct and indirect
costs to society [12, 13]. As the population ages,
RA becomes an increasing burden globally. RA
was the 42nd highest contributor to global dis-
ability in 2010, with RA-associated disabil-
ity-adjusted life years increasing markedly in
recent years [14]. Lymphoma incidence has also
increased substantially in recent decades, with
666,000 cases of NHL reported globally in 2015
[15]. The growing incidence of lymphoma,
along with its increasing prevalence due to
improvements in treatment, has led to a marked
rise in the number of patients requiring treat-
ment [15, 16]. CLL is the most common leuke-
mia in the Western world [17], with 191,000
cases globally in 2015 [15] and its incidence
continuing to rise [18]. The incidence of CLL
increases with age [17], making this another
disorder of growing importance in an aging
population. Over the last 15 years the treatment
of CD20? cancers has been revolutionized
owing to the introduction of anti-CD20 mono-
clonal antibodies, primarily RTX [19, 20]. Bio-
logical disease-modifying antirheumatic drugs
have similarly advanced the treatment of RA
[21], with RTX an important therapeutic inter-
vention for patients in whom anti-tumor
necrosis factor therapy has failed [13]. Accord-
ingly, RTX is recognized as an important treat-
ment option in European clinical guidelines in
both cancer and rheumatology [13, 17, 21–26].

Despite this, the impact of biological thera-
pies is often diminished in clinical practice by
inequalities in patient access, with budget con-
straints and cost-related barriers a key factor
[27–30]. The advent of second-generation
biosimilars therefore represents an opportunity
to improve patient access to biologicals. This is
reflected in a recent position paper from the
European Society for Medical Oncology, which
recognizes that biosimilars can improve the
financial sustainability of healthcare systems
and thus meet an important need globally [31].
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Expenditure forecast modeling in the EU pre-
dicts that a wider availability of biosimilars
would be associated with decreased spending on
medications [32] and that the availability of
biosimilars will be a driving force for budgetary
savings [33].

Budget impact analysis (BIA) models esti-
mate the expected changes in expenditure that
would occur as a result of the adoption of a new
therapeutic intervention. As such, BIAs provide
valuable information, alongside cost-effective-
ness analyses, for budget planning and resource
allocation [34], and are increasingly required by
payers [35]. In addition to calculating potential
cost savings, a BIA model also estimates the
impact of such cost savings on patient access to
treatment. At present, there is a lack of pub-
lished BIA models evaluating the impact of
second-generation biosimilars [34].

The aim of our study was to analyze the
budgetary impact of the introduction of CT-P10
into 28 European countries, in RA and cancer,
using a BIA model. Owing to the biosimilarity of
RTX and CT-P10, as evidenced in non-clinical
evaluations and randomized controlled trials in
RA [36–43] and FL [44, 45], we hypothesized
that the introduction of CT-P10 would be
associated with budget savings and a subse-
quent increase in the number of patients able to
access rituximab treatment.

METHODS

A Microsoft Excel-based budget impact model
was developed to estimate the cost savings
achievable with the introduction of CT-P10. A
budget impact model for the introduction of
CT-P10 in 28 European countries was developed
over a 1-year time horizon as a base case sce-
nario. Three-year time horizon outcomes were
also calculated. The model considered use in all
indications (RA, DBLCL, FL, CLL, granulo-
matosis with polyangiitis, and microscopic
polyangiitis), as well as off-label use, in the 28
EU member states. Further analyses then
focused on projected budget savings and sub-
sequent potential increases in patients with
access to rituximab treatment, in RA, DLBCL,
FL, and CLL. The model was developed

according to the recommendations proposed by
the International Society for Pharmacoeco-
nomics and Outcomes Research’s principles of
good practice for BIAs [35].

Patient Population

The initial number of patients treated with RTX
was estimated on the basis of IMS sales data (total
annual consumption of RTX [MabThera�] in
milligrams), thereby reflecting real-life utiliza-
tion. IMS data are not split according to the indi-
cations/diagnoses in which RTX is used, rather
data are provided for the total consumption per
country. Thus, we estimated the initial number of
patients with each diagnosis of interest based on
literature data and expert assumptions. The esti-
mation process is described in detail in Fig. 1;
assumptions and model parameters are summa-
rized in Supplementary Table S1. We assumed
that 10% of the total consumption was accounted
for by the EMA-registered indications granulo-
matosis with polyangiitis and microscopic
polyangiitis, as well as off-label use in systemic
lupus erythematosus, multiple sclerosis, and
neuromyelitis optica spectrum disorders. Of the
remaining consumption (90% of total), 20% was
attributed touse inRAand80% tothe threecancer
diagnoses [46]. Among the cancer diagnoses
(DLBCL, newly diagnosed FL patients, relapsed/
refractory FL patients, and CLL) consumption per
diagnosis was estimated on the basis of the total
annual dose (in milligrams) per patient (see
Table 1) and the incidence of the given diagnosis
(Supplementary Table S1).

Weightings were calculated according to the
formula in Fig. 1.

Crude incidence rates were obtained from
the HAEMACARE project, which studied over
66,000 patients with lymphoid malignancies
registered in a total of 44 large European reg-
istries. HAEMACARE is a European cancer reg-
istry-based project funded by the European
Commission. The project reported data on the
incidence of hematological malignancies (from
2000 to 2002) from cancer registries in 17
countries. In DLBCL, FL, and CLL, all case
incidence rates per 100,000 population were
3.81 (95% confidence interval 3.73–3.89), 2.18
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(2.12–2.24), and 4.92 (4.83–5.01), respectively
[47]. To calculate weightings in our model, we
assumed that
• The percentage of incident patients treated

with RTX was 95% for DLBCL [48, 49], 80%
for FL [50], and 78% for CLL [51].

• 80% of FL patients go through maintenance
therapy [52].

• Retreatment rate in FL is 20% (based on
authors’ expert opinions).

IMS data were not available in eight coun-
tries. Therefore, in each case, data from a
neighboring country with a similar level of
economic development were applied (e.g., data
from Denmark were applied to Sweden, data
from Spain were applied to Greece) in order to

Fig. 1 Budget impact analysis estimationmethodology.CLL
chronic lymphocytic leukemia, DLBCL diffuse large B cell
lymphoma, FL follicular lymphoma, NHL non-Hodgkin’s
lymphoma, RA rheumatoid arthritis, RTX reference ritux-
imab. *Granulomatosis with polyangiitis (formerlyWegener’s
granulomatosis) and microscopic polyangiitis. Weightings

were calculated according to the formula
wjP4

j¼1
wj

¼

incidencej�consumption per yearj�rituximab treatment ratej
P4

j¼1
incidencej�consumption per yearj�rituximab treatment ratej

where

incidencej is the crude incidence rate of indication j
(Supplementary Table S1), consumption per yearj is the

total need (in milligrams) of rituximab to treat indication j
(Table 1), and rtx treatment ratej is the proportion of
patients in indication j treated with rituximab (Supplemen-
tary Table S1).
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estimate annual RTX consumption. Estimates
were based on IMS data for the consumption (in
milligrams) per capita.

For all diagnoses, a fixed cohort of patients
was analyzed over a 1-year and 3-year time
horizon. The number of patients receiving
either RTX or CT-P10 was calculated according
to the market uptake assumptions made.
RTX-naı̈ve and switch (i.e., patients already
receiving RTX who were switched to CT-P10)
patient groups were not distinguished. The total
number of patients (P) treated with rituximab
was defined as the sum of patients treated with
RTX and CT-P10:

P ¼ PRTX þ PCT�P10

The total number of patients was assumed to
remain the same over the time horizon
analyzed, with any treatment discontinuation
offset by new patients initiating treatment.

Uptake of CT-P10

The uptake of CT-P10 (expressed as the pro-
portion of patients receiving CT-P10 who would

otherwise have received RTX) was estimated at
30% over a 1-year time horizon in all diagnoses
as a base case scenario.

Costs

The model applied a third-party payer’s per-
spective, and only direct drug costs were
included. Actual purchasing prices of RTX are
not publicly available and can vary even
within country because of local tenders and
other managed entry agreement financial
mechanisms [53]. Thus, official list prices of
RTX were used in the model (Table 2 and
Supplementary Table S2). The list price of
CT-P10 was not known at the time of the
analysis and thus we assumed it to be 70% of
the RTX price. This discount was tested in the
sensitivity analysis.

Annual costs of patients receiving RTX and
CT-P10 were computed on the basis of the cost
and the dose (in milligrams) of drugs required
in each diagnosis per year. In the case of RA, we
applied the price of 500-mg vials, while for all
other diagnoses an average price per milligram

Table 1 Reference rituximab doses and consumption for induction and maintenance treatment in various indications

Diagnosis Induction dose Maintenance dose Total RTX
consumption per
patient (mg)

RA – 2 9 1000 mg/6 months 4000.00

DLBCL 375 mg/m2 per cycle,

for up to 8 cycles

– 5370.00

FL

Newly diagnosed 375 mg/m2 per cycle,

for up to 8 cycles

375 mg/m2 every 2 months (starting 2 months after the

last dose of induction therapy), until disease

progression or for a maximum period of 2 years

1814.00

Relapsed/

refractory

375 mg/m2 per cycle,

for up to 8 cycles

375 mg/m2 once every 3 months (starting 3 months after

the last dose of induction therapy), until disease

progression or for a maximum period of 2 years

1933.20

CLL – 1 9 375 mg/m2 ? 5 9 500 mg/m2 5146.25

Mean body surface area was set at 1.79 m2 according to a retrospective analysis of over 3500 patients receiving chemotherapy
treatment at three oncology centers in the UK [54]
CLL chronic lymphocytic leukemia, DLBCL diffuse large B cell lymphoma, FL follicular lymphoma, RA rheumatoid
arthritis, RTX reference rituximab
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Table 2 Official list prices of MabThera� in national currencies

Country Currency MabThera� (2 3 100 mg) MabThera� (500 mg)

Austria EUR 899.00 2158.35

Belgium EUR 410.76 1035.79

Bulgaria BGN 1013.45 2484.47

Croatia HRK 3755.49 9220.34

Cyprus EUR 662.35 1624.52

Czech Republic CZK 11,427.77 28,707.57

Denmark DKK 5188.15 12,943.30

Estonia EUR 642.42 1606.03

Finland EUR 708.26 1966.31

France EUR 474.61 1186.52

Germany EUR 840.19 2044.49

Greece EUR 418.49 1050.02

Hungary HUF 145,081 361,207

Ireland EUR 507.25 1266.09

Italy EUR 870.48 2175.78

Latvia EUR 441.50 1102

Lithuania EUR 731.81 1719.71

Luxemburg EUR 420.90 1061.37

Malta EUR 750 1380

Netherlands EUR 554.91 1387.29

Poland PLN 2445.01 6112.52

Portugal EUR 457.62 1138.93

Romania RON 2221.55 5509.03

Slovakia EUR 494.36 1226.16

Slovenia EUR 577.03 1442.64

Spain EUR 567.93 1342.06

Sweden SVK 3787 9468

UK GBP 349.26 873.15

See Supplementary Table S2 for sources
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of RTX was calculated on the basis of the list
price of 100-mg and 500-mg vials in each
country. Calculations are as follows:

CostRTXij
¼

X28

i¼1

X4

j¼1

cmgRTXi
� dj

CostCT�P10ij ¼
X28

i¼1

X4

j¼1

cmgCT�P10i � dj

where i is the country selected in the model
(maximum of 28), j is the indication selected in
the model (maximum of 4: RA, NHL, CLL, and
‘‘other’’, including off-label use), cmgMabTherai is

cost per 1 mg of MabThera in country i,
cmgCT�P10i

is cost per 1-mg vial of CT-P10 in

country i, and dj is the total number of doses
required per year in indication j.

Mean body surface area (BSA) was set at
1.79 m2, in line with literature data from a ret-
rospective analysis of over 3500 adult patients
receiving chemotherapy treatment at three
oncology centers in the UK [54]. In the three
cancer diagnoses, the total dose (in milligrams)
per diagnosis was calculated by multiplying the
mean BSA (1.79 m2) of a patient with the dose
required in indication j (Table 1). For induction
therapy, the total number of doses required
annually for indication jðdjÞ was available from

treatment guidelines and the RTX summary of
product characteristics [1, 17, 55, 56] (Table 1).
For maintenance therapy, the total number of
doses required annually for indication j was
determined according to the following formula:

dj ¼
52

number of weeks betweeen maintenance doses

We did not include administration and
monitoring costs in the calculations, since we
assumed these to be equal for RTX and CT-P10;
thus no budget impact is implied.

Budget Impact

Total budget impact of the introduction of
CT-P10 into the treatment of indication j in
country i was estimated as follows:

hCT�P10 ¼P�CostRTX
� PRTX�CostRTX + PCT�P10�CostCT�P10ð Þ

The number of new patients that could be
treated from the budget savings was also
calculated for each diagnosis. It was assumed
that budget savings from the treatment of each
diagnosis were reallocated to increase patient
access within the same diagnosis (e.g., that any
savings made in the treatment of RA were used
to treat additional RA patients with biosimilar
rituximab).

Sensitivity Analysis

One-way sensitivity analyses were carried out to
test the robustness of the model assumptions.
The following model parameters were varied by
±10%: the discount on the price of CT-P10,
market uptake of CT-P10, total number of
patients treated with rituximab, and average
BSA.

Compliance with Ethics Guidelines

This article does not contain any new studies
with human or animal subjects performed by
any of the authors.

RESULTS

One-Year Time Horizon

Assuming that the price of CT-P10 was 70% of the
price of RTX and that the CT-P10 market share
was 30% (base case scenario), the total projected
budget saving in Europe was €90.04 million (of
which 26.9% was saved in the treatment of RA,
43.3% in the treatment of NHL (DLBCL and FL),
19.8% in the treatment of CLL, and 10.0% in the
treatment of other diagnoses). Seventy percent of
the total budget savings were realized in five
European countries, namely Germany (22.8%),
Italy (17.7%), France (13.5%), Spain (8.4%), and
the UK (7.5%) (Table 3).

Projected budget savings would permit
access to rituximab therapy for 7531 additional
patients (including 2857 patients with RA, 2263
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Table 3 Projected budget impact (savings) over 1 year due to the introduction of CT-P10, and the number of additional
patients that could subsequently gain access to rituximab treatment (base case scenario)

RA NHLa CLL Other indicationsb

and off-label use
Totalc

Budget
impact,
million
EUR

No. of
patients

Budget
impact,
million
EUR

No. of
patients

Budget
impact,
million
EUR

No. of
patients

Budget
impact,
million
EUR

No. of
patients

Budget
impact,
million
EUR

No. of
patients

Austria -0.89 73 -1.45 58 -0.66 42 -0.33 20 -3.33 193

Belgium -0.36 63 -0.58 50 -0.26 36 -0.13 17 -1.34 165

Bulgaria -0.14 19 -0.22 15 -0.10 11 -0.05 5 -0.51 50

Croatia -0.13 20 -0.22 16 -0.10 11 -0.05 5 -0.50 52

Czech

Republic

-0.11 18 -0.17 14 -0.08 10 -0.04 5 -0.40 47

Finland -0.70 64 -1.07 50 -0.49 36 -0.25 18 -2.51 168

France -3.29 496 -5.28 392 -2.41 282 -1.22 137 -12.19 1306

Germany -5.49 479 -8.91 379 -4.06 272 -2.05 132 -20.51 1262

Hungary -0.23 35 -0.37 28 -0.17 20 -0.09 10 -0.85 92

Ireland -0.26 37 -0.42 29 -0.19 21 -0.10 10 -0.96 96

Italy -4.31 354 -6.90 280 -3.15 201 -1.60 98 -15.96 932

Netherlands -0.81 105 -1.30 83 -0.59 59 -0.30 29 -3.01 276

Poland -1.09 140 -1.75 111 -0.80 79 -0.40 38 -4.04 368

Portugal -0.17 26 -0.27 21 -0.12 15 -0.06 7 -0.62 69

Romania -0.31 45 -0.50 36 -0.23 26 -0.11 12 -1.15 119

Slovakia -0.18 27 -0.29 21 -0.13 15 -0.07 7 -0.68 70

Slovenia -0.11 14 -0.18 11 -0.08 8 -0.04 4 -0.41 36

Spain -1.99 265 -3.28 210 -1.50 150 -0.75 72 -7.52 697

Sweden -0.59 105 -0.94 83 -0.43 60 -0.22 29 -2.17 277

UK -1.83 319 -2.94 252 -1.34 181 -0.68 88 -6.79 840

Estimates for European Union countries where IMS data is not available

Cyprus -0.04 5 -0.07 4 -0.03 3 -0.02 1 -0.16 13

Denmark -0.60 61 -0.96 48 -0.44 35 -0.22 17 -2.21 161

Estonia -0.04 5 -0.07 4 -0.03 3 -0.02 1 -0.16 13

Greece -0.36 62 -0.58 49 -0.27 35 -0.13 17 -1.35 163

Latvia -0.05 7 -0.07 6 -0.03 4 -0.02 2 -0.17 19

Lithuania -0.10 11 -0.17 8 -0.08 6 -0.04 3 -0.39 28

Luxembourg -0.02 3 -0.03 3 -0.02 2 -0.01 1 -0.08 9
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patients with NHL, 1624 patients with CLL, and
787 patients with other diagnoses; Table 3).
This was equivalent to a 6.4% increase in the
number of rituximab-treated patients. The
country-level distribution of the budget savings
and additional number of patients that could be
treated are shown in Table 3.

A second scenario was also modeled, in
which the market share of CT-P10 was assumed
to be 50% (scenario 2). In this case, the total
projected budget saving in Europe was €150.10
million, which would allow access to rituximab
treatment for 12,551 additional patients (4762
with RA, 3771 with NHL, 2706 with CLL, and
1312 with other diagnoses; Supplementary
Table S3). This corresponded to a 10.7% total
increase in the number of rituximab-treated
patients.

Three-year Time Horizon

Three-year time horizon outcomes were also
modeled (Supplementary Table S4), in which
the market share of CT-P10 was assumed to be
30% in the first year, 40% in the second year,
and 50% in the third year. Over this 3-year
period budget savings across Europe would be
approximately €570 million, equating to 47,695
additional patients accessing rituximab
treatment.

Sensitivity Analyses

One-way sensitivity analyses demonstrated a
linear relationship between uptake and budget
savings (i.e., doubling the uptake from 25% to
50% would double the savings). Linear rela-
tionships were also observed in the case of the
other parameters tested. BSA changes had
insignificant effects. The price of CT-P10 and
the market share were found to have a major
impact on model results.

DISCUSSION

Our BIA model demonstrated that introduction
of the rituximab biosimilar CT-P10 into the EU
would save €90.04 million in the first year (as-
suming 30% market share), which could be
reallocated to allow 7531 additional patients
(including 2857 patients with RA, 2263 patients
with NHL, 1624 patients with CLL, and 787
patients with other diagnoses) to access ritux-
imab treatment. This was equivalent to a 6.4%
increase in patients with access to rituximab. If
CT-P10 market share was assumed to be 50%,
budget savings rise to €150.10, with a total of
12,551 additional patients now able to access
rituximab. Over a 3-year time horizon, pro-
jected budget savings total approximately €570

Table 3 continued

RA NHLa CLL Other indicationsb

and off-label use
Totalc

Budget
impact,
million
EUR

No. of
patients

Budget
impact,
million
EUR

No. of
patients

Budget
impact,
million
EUR

No. of
patients

Budget
impact,
million
EUR

No. of
patients

Budget
impact,
million
EUR

No. of
patients

Malta -0.02 2 -0.04 2 -0.02 1 -0.01 1 -0.08 6

Totalc -24.22 2857 -39.02 2263 -17.80 1624 -9.00 787 -90.04 7531

Number of additional patients that could access rituximab treatment if all projected budget savings from the introduction of
CT-P10 were allocated to this. Base case scenario assumed CT-P10 uptake of 30% and that the cost of CT-P10 was 70% of
the cost of reference rituximab
CLL chronic lymphocytic leukemia, NHL non-Hodgkin’s lymphoma, RA rheumatoid arthritis
a NHL comprised diffuse large B cell lymphoma and stage III–IV follicular lymphoma
b Granulomatosis with polyangiitis (formerly Wegener’s granulomatosis) and microscopic polyangiitis
c Total values may differ slightly from the sum of individual values, due to rounding
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million, equating to 47,695 additional patients
able to access this potentially life-changing
treatment. These data clearly represent a sub-
stantial societal health gain and it can be con-
cluded from our findings that, with some
assumptions as defined in the model, use of
CT-P10 will present significant savings for
healthcare systems, in accordance with our
stated hypothesis. Although we assumed the
price of CT-P10 to be up to 30% lower than that
of RTX, expert opinion suggests that the actual
difference could be as much as 60–70%. Thus,
our projections on the number of additional
patients able to access treatment might be
considered conservative estimates, and actual
figures may prove to be notably higher.

As with all BIA models, assumptions were
applied that create some uncertainty with
respect to the inputted data. For example, as a
result of a lack of literature evidence, we esti-
mated the number of RTX-treated patients from
IMS utilization data. We also applied some
estimates to the calculation of RTX distribution
across diagnoses, again because of a lack of lit-
erature data. Finally, list prices may differ from
actual purchasing prices (which are not publicly
available), and an assumption was made with
respect to the price of CT-P10 as a proportion of
RTX list price. Several other factors outside the
scope of this model may influence the budget
impact of CT-P10, such as the emergence of
other biosimilars and originator products, and
price reductions of the reference product.
However, no other rituximab biosimilars are
currently available for use in the indications
assessed in this study, and new originator bio-
logicals are either under regulatory review or
only recently approved. Given the time horizon
of our model these factors, and potential RTX
price reductions, are unlikely to impact our
findings.

In addition to these methodological limita-
tions, it should be remembered that inequities
in access to rituximab are not solely linked to
national income [28, 57]; for example, country-
and healthcare system-specific factors also
influence uptake of biosimilars [58–60]. It is
important to understand that the availability of
CT-P10 at a lower cost than RTX will not in
itself automatically increase patient access to

rituximab. Payer, healthcare professional, and
patient perceptions regarding the use of
biosimilars also play an important role in
determining uptake.

There are two broad potential patient popu-
lations who may be treated with CT-P10:
RTX-naı̈ve patients and those already receiving
RTX who could be switched to CT-P10. The
clinical uptake of CT-P10 will therefore be
dependent on both these populations. Clinical
evidence from other EMA-approved sec-
ond-generation biosimilars suggests that
switching does not result in decreased efficacy
or new safety concerns. For example, a large
phase 4 randomized controlled trial funded by
the Norwegian government (NOR-SWITCH)
assessed the switch from reference infliximab to
CT-P13 in six immune-mediated inflammatory
diseases including RA [61] and found that
switching to the biosimilar was not inferior to
continued treatment with the reference product
[62]. However, physicians may have reserva-
tions regarding switching to a biosimilar and, in
general, seem to be less willing to switch
patients already receiving treatment with an
innovator or reference product than to prescribe
a biosimilar to a biological-naı̈ve patient [63].
This ‘‘ambiguity or uncertainty aversion’’ may
be reduced when healthcare professionals are
able to reallocate budget themselves [64].
Healthcare professionals may choose, for
example, to use financial savings to enable more
patients to access treatment, for patients to
access treatment at an earlier stage of disease, or
to benefit patients being treated for other
diseases.

Uptake of biosimilars may also be affected by
physician views on the process of ‘‘extrapola-
tion’’. The EMA and US Food and Drug
Administration consider that once a biosimilar
demonstrates comparability to its reference
product in one indication, extrapolation of data
can permit approval in other indications held
by the reference product, as long as this is sci-
entifically justified [4, 65]. For example, use of
biosimilar epoetins in chemotherapy-induced
anemia was originally permitted owing in part
to extrapolation from studies in renal anemia
[66, 67]. Despite the stringent regulatory
requirements for extrapolation, concern can
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still exist among physicians regarding this pro-
cess, as was initially the case for some inflam-
matory bowel disease (IBD) specialists after
approval of CT-P13 in IBD [68]. In the case of
CT-P13 (clinical trials of which were performed
in RA and ankylosing spondylitis), initial con-
cerns about extrapolation centered around
possible differences in the mechanisms of
action of infliximab in IBD versus rheumatology
indications, although these were subsequently
proved unfounded [69]. Post-approval data on
the real-world use of CT-P13 in IBD has since
provided reassurance on its efficacy and safety
in this setting, as evidenced in a recent state-
ment from the European Crohn’s and Colitis
Organisation which asserts that switching from
an originator or reference product to a biosim-
ilar in IBD patients is acceptable [70]. In line
with regulatory requirements, approval of
CT-P10 in some indications of RTX was based in
part on the extrapolation of clinical data col-
lected in other indications [36–45], plus a sci-
entific justification based on the consistency of
rituximab mechanisms of action across
indications.

BIA analyses are limited in the literature,
both in general [34] and with respect to sec-
ond-generation biosimilars [12]; therefore, the
present study represents a valuable addition to
the current knowledge base. In 2014, a system-
atic literature review identified a total of 17 EU
BIA publications across all therapy areas [71]. A
2015 review [12] of the budget impact of the
introduction of biosimilars in rheumatology
found three BIA studies [72–74], two studies
that reported data in six indications (RA, psori-
atic arthritis, ankylosing spondylitis, Crohn’s
disease, ulcerative colitis, and psoriasis) [75, 76],
and a further two studies in IBD [77, 78]. To our
knowledge, a further two studies have estimated
the potential cost savings of biosimilar inflix-
imab in IBD and of biosimilar etanercept in all
indications [79, 80]. Thus there are a total of
nine BIA studies of second-generation biosimi-
lars in rheumatology, gastroenterology, and
dermatology, with substantial budget savings
presented in all papers [72–80]. For example,
the introduction of CT-P13 in Central and
Eastern Europe was estimated to result in
€15.3–20.8 million budget savings over 3 years

in RA, enabling 1200–1800 extra patients to be
treated [73], and savings of €8.0–16.9 million in
Crohn’s disease, enabling 722–1530 extra
patients to be treated [77]. Annual savings in
the treatment of inflammatory autoimmune
diseases in Belgium, Germany, the Netherlands,
and the UK and due to CT-P13 were estimated
to be €2.89–33.80 million, enabling 250–2602
additional patients to be treated [76]. Predicted
savings with CT-P13 over 5 years in RA in
France, Germany, Italy, and the UK totaled
€96–433 million [72]. Savings were also pre-
dicted with the introduction of an etanercept
biosimilar in the treatment of inflammatory
autoimmune diseases in France Germany, Italy,
Spain, and the UK. Over 5 years, these savings
totaled €35–284 million, resulting in an addi-
tional 3100–17,130 patients able to access
treatment [80]. In the area of supportive cancer
care, budget impact and cost-effectiveness
analyses of first-generation biosimilars in sup-
portive care have also demonstrated the cost
savings of biosimilars. For example, a BIA model
of biosimilar erythropoiesis-stimulating agent
usage in the EU G5 (France, Germany, Italy,
Spain, and UK) calculated that €111–146 mil-
lion could be saved if all patients converted to
biosimilar erythropoiesis-stimulating agent,
potentially freeing up budget from supportive
care for reallocation to increase patient access to
anticancer treatments [81]. Analyses in the EU
G5 illustrate cost savings associated with
biosimilar filgrastim, estimated at between
€32.70 (1-day regimen) to €2747 (14-day regi-
men) per treatment, compared with the refer-
ence product [82, 83].

Realizing the benefits of biosimilars in clini-
cal practice is a major challenge for the coming
years. For RTX biosimilars, the most evident
benefit is the potential to cut the ever-growing
healthcare costs associated with the treatment
of RA and cancer and thus potentially help to
maintain or increase patient access. The budget
savings achieved via the use of biosimilars can
be reinvested into the treatment of additional
patients, as proposed in our study (Table 3) and
two multi-country BIAs [76, 77]. In this respect,
some countries have already demonstrated an
intention to benefit from using biosimilars in
their healthcare system. The lower cost of
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CT-P13 has driven uptake in Europe, with
market share reaching 73% in the UK by
mid-2016 [84]. In South Korea, 15 months from
the introduction of biosimilar infliximab,
approximately 20% of all patients treated with
infliximab received the biosimilar. At the same
time, the use of biological therapy increased
[85]. Such findings provide real-world evidence
that budget savings are being spent on the
reimbursement of biosimilar therapy for addi-
tional patients.

Aggregated health gains at a societal level
can also be estimated in terms of quality-ad-
justed life year (QALY) gains. In virtually all
European countries, health technology assess-
ment guidelines require the reporting of QALY
gains at a patient and societal level, as well as
cost-effectiveness and budget impact. These
data form part of a product’s economic dossier
and are required by public bodies for reim-
bursement. In this study, we report BIA data. By
comparing our data on the numbers of addi-
tional patients that could access treatment as a
result of budget savings to literature data on the
relationship between numbers of additional
patients and associated average QALY gains,
estimates of expected QALY gains due to the
introduction of CT-P10 can be made (assuming
budget savings are reallocated to treat new
patients within the same diagnosis). As calcu-
lated QALY gains are based on patient-reported
outcome measures, such as the EQ-5D ques-
tionnaire [86, 87], this measure gives some
indication of patient-level health gains, and is
of increasing importance in determining the
overall value of a therapeutic intervention.

Some evidence already exists regarding QALY
gains with the use of biological therapies,
including RTX. In RA, the mean QALY gain dur-
ing 1 year of biological therapy is 0.14 [88]. In
DLBCL, various groups report that R-CHOP
(rituximab with cyclophosphamide, doxoru-
bicin, vincristine, and prednisone) results in a
QALY gain of between 0.82 and 1.07 QALYs
compared with CHOP alone, over a 15-year time
horizon [89–91]. In CLL, when RTX is added to
fludarabine and cyclophosphamide (FC), QALYs
increase to 1.127 (assuming an effect for
5.9 years) and to 1.459 (assuming an effect for
10 years) compared with FC alone [92]. Another

study found the addition of RTX to FC led to an
incremental gain of 0.94 QALYs in a 15-year
horizon [93]. In a lifetime horizon study in
advanced FL, the addition of RTX to
chemotherapy increased QALY by 0.458–1.184
[94, 95]. Wisløff et al. recently conducted a
review of cost-utility studies and evaluated
expected incremental QALY gains [87]. In the
333 studies identified, the median incremental
QALY gain across a range of indications was 0.06.
The authors noted a number of methodological
limitations that affected the determination of
QALY gains in individual studies. Using the data
collected in the present study, the projected
societal QALY gains for RA in the EU are 400 and
667 QALYs per year in the base case scenario and
scenario 2, respectively. In NHL, the QALY gain is
estimated at 133 in the base case scenario and 221
in scenario 2, while in CLL the QALY gain per
year would be 95–310 and 159–517 in the base
case scenario and scenario 2, respectively.

CONCLUSIONS

The introduction of the rituximab biosimilar
CT-P10 in the EU is expected to be associated
with significant budget savings. Reallocation of
these savings to the treatment of additional
patients will increase access to rituximab treat-
ment, enabling many more patients with RA,
NHL, and CLL to be treated. This is likely to
have a significant impact on health gains at
both patient and societal levels.
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