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Abstract
Background Biologic treatments impose a large financial burden on healthcare payers. Subcutaneous formulations of trastu-
zumab and rituximab offer administration cost savings relative to the intravenous products through reduced preparation and 
infusion times. However, intravenous biosimilars have the potential to offset administration costs through lower drug costs.
Objective The objective was to develop a budget impact model (BIM) from a payer’s perspective for the EU-5 countries (UK, 
France, Germany, Spain, Italy) to demonstrate the economic impact of using intravenous trastuzumab and rituximab biosimilars.
Methods An incidence-based BIM was developed to estimate the net budget impact utilising epidemiology data from the 
literature, market research data on the use of relevant treatments in all approved indications, and corresponding costs. The 
budget impact was estimated for 5 years following introduction of the biosimilars.
Results Analysis using the base-case results indicated that adoption of the biosimilars trastuzumab and rituximab would 
result in net cost savings. At year 5, the net budget saving ranged from €4.05 million to 303.86 million for rituximab and 
from €19 million to 172 million for trastuzumab. The cost saving could potentially extend treatment to 291–15,671 more 
patients with rituximab and 622–3688 more patients with trastuzumab.
Conclusion This budget impact analysis emphasised that increased use of intravenous rituximab and trastuzumab biosimilars 
may result in cost savings from the payer’s perspective across the EU-5 countries.
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Key Points 

This study revealed that introducing the intravenous 
biosimilars Herzuma and Truxima into the market where 
originators market both subcutaneous and intravenous 
formulations would reduce healthcare expenditure from 
the payer’s perspective.

With the potential cost savings with use of the biosimi-
lars, additional services could be utilized, and more 
patients could have access to biological drugs.

1 Introduction

Almost one-fifth of Europe’s total population is aged 
> 65 years, and the need for medical attention is on the 
rise, with increasing cases of cancer, autoimmune, and 
other diseases related to lifestyle [1–3]. Biologic treatments 
have reformed the management of many of these diseases. 
However, these drugs impose a huge financial burden on a 
country’s healthcare budget [4], and the biologic share of 
total drug spend has gradually increased since 2014 [5]. In 
Europe, 29.9% of total drug spend in 2018 was attributed to 
biologics [5]. The leading speciality drugs contributing 60% 
of total growth of drug spend from year 2019 to 2023 are 
those used in oncology, autoimmune conditions, and immu-
nology. New product launches of anti-cancer medications 
will also contribute to drug spending increases as oncol-
ogy products are expected to have median prices well above 
$US100,000 per year. As a result of increased prices for 
innovative cancer medicines, society will experience signifi-
cant burdens when prioritizing area of treatment and allocat-
ing resources effectively to achieve the best health outcomes. 
Biosimilars, which are molecularly similar to the reference 
biologics, offer similar efficacy and safety. Biosimilars 
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from 30% in Germany to 90% in Spain [20]. The literature 
reported that both patients and healthcare professionals 
(HCPs) preferred subcutaneous over intravenous formula-
tions because of their ease of administration and the shorter 
absolute administration time of subcutaneous infusions [17]. 
The shorter administration time associated with subcutane-
ous formulations of both these molecules has been shown 
to deliver cost savings for the healthcare system through the 
lower commitment of staff resources in addition to reduced 
consumption of consumable materials [21, 22]. Further ben-
efits for increased treatment capacity have also been pro-
posed because of the increased availability of infusion beds. 
The ability to treat more patients has been identified as a key 
value driver of subcutaneous products [21, 22]. However, 
subcutaneous formulations do not entirely keep patients 
away from intravenous treatments because certain treatment 
areas and regimens require combination therapy with other 
intravenous drugs. For example, when chemotherapy such as 
the R-CVP (rituximab, cyclophosphamide, vincristine sul-
fate, and prednisone) or R-CHOP (rituximab, cyclophospha-
mide, doxorubicin, vincristine sulfate, and prednisone) regi-
mens are administered, cyclophosphamide and vincristine 
are administered intravenously so intravenous administration 
of rituximab along with these two agents may make sense. 
The EMA approved the use of pertuzumab in combina-
tion with trastuzumab for adjuvant treatment of adults with 
HER2-positive EBC at high risk of occurrence. Pertuzumab 
is only available as an intravenous formulation, and Hercep-
tin SC requires an HCP to administer the drug according to 
the SmPC. The administration time is shorter than for the 
intravenous formulation, but the need for patients to attend 
a clinic/facility is not entirely eliminated for a subgroup of 
patients. Furthermore, administration of one complete dose 
intravenously is preferred before switching a patient to the 
subcutaneous formulation in order to settle administration 
reactions, which are very common with rituximab [23]. Any 
effect on immunogenicity and prospect of interchangeability 
between these different formulations on patients is yet to 
be further established [18, 19]. An economic evaluation is 
necessary to consider the differences between intravenous 
and subcutaneous formulations.

A study investigating the budget impact of biosimilar 
trastuzumab for the treatment of breast cancer and gastric 
cancer in 28 European countries indicated savings ranging 
from €0.91 billion to 2.27 billion over 5 years [24]. Studies 
involving biosimilar rituximab have also indicated financial 
savings for healthcare payers upon the replacement of the 
originator biologic with a biosimilar [25, 26]. Cost savings 
can be used to recruit more HCPs, thereby reducing the 
patient’s waiting time and contributing to the efficient use 
of other healthcare resources [27]. A budget impact study 
analysing the switching of branded rituximab to its biosim-
ilar over a 3-year time horizon in 28 European countries 

are often offered at a lower cost than the reference drug, 
thereby reducing the per-patient treatment cost and creat-
ing the possibility of increasing access among patients [6, 
7]. One explanation for the lower cost of biosimilars is that 
the manufacturer avoids the lengthy and expensive route of 
larger trials in the process of drug approval. Furthermore, 
the availability of biosimilars may increase price competi-
tion and trigger discounts in the price of reference products, 
whilst the broader manufacturing base also increases supply. 
For example, an approximately 30–40% decrease in the cost 
price of the infliximab reference was reported following the 
introduction of biosimilars in most European countries [8]. 
The UK National Health Service (NHS) announced that the 
adalimumab biosimilar would save about £300 million in 
2019. In the case of epoetin, a reduction of up to 66% in 
the originator’s price was recorded upon the introduction 
of the biosimilar [9]. Biosimilar competition will increase 
substantially and is estimated to create budget savings of 
approximately $US160 billion by 2023.

Truxima and Herzuma, developed by Celltrion Health-
care, are intravenous biosimilars for rituximab (MabThera) 
and trastuzumab (Herceptin) that have gained approval 
from the European Medicines Agency (EMA) in 2017 and 
2018, respectively [10, 11]. Rituximab, which is a chimeric 
mouse–human antibody-targeting cluster of differentiation 
(CD)-20 ubiquitously expressed on the surface of all B cells, 
is indicated for patients with rheumatoid arthritis (RA), 
granulomatosis with polyangiitis, microscopic polyangiitis, 
chronic lymphocytic leukaemia (CLL), and non-Hodgkin’s 
lymphoma (NHL), and the reference product, intravenous 
MabThera (MabThera IV) received EMA approval in 2009 
[12]. Trastuzumab is a monoclonal antibody that inhibits 
tumour cell proliferation by binding to human epidermal 
growth factor receptor 2 (HER2) and is indicated in patients 
with early breast cancer (EBC), metastatic breast cancer, and 
metastatic gastric cancer [13], having first received EMA 
approval in 2008 [14]. Both biosimilars are approved for the 
same range of indications as their reference drugs. As per 
the summary of product characteristics (SmPC), the quality, 
safety, and efficacy of Truxima and Herzuma are comparable 
to those of their reference drugs [10, 11], and no impact on 
safety or efficacy was detected when switching from refer-
ence rituximab to biosimilar Truxima [15].

Rituximab and trastuzumab are also available in subcu-
taneous formulations. The rituximab product, subcutaneous 
MabThera (MabThera SC), first received EMA approval for 
all subcutaneous indications in 2014 [16]. The subcutaneous 
formulation of trastuzumab (Herceptin SC) received EMA 
approval for all approved intravenous indications in 2013 
[13]. Market share data obtained from tracking sales of pre-
scription medicinal products in EU-5 countries (UK, France, 
Germany, Spain, Italy) indicate that the subcutaneous formu-
lation of Herceptin attained a market volume share ranging 
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predicted that the €570 million saved may enable the treat-
ment to be extended to around 48,000 new patients [26].

As discussed, biosimilar medicines offer the potential for 
substantial drug cost savings for the healthcare system. Even 
in situations where their use may be associated with other 
additional costs such as administration or consumables (as in 
the case of a move from subcutaneous to intravenous formu-
lations), the relative magnitude of the drug cost saving com-
pared with the additional costs is an important consideration. 
The question of whether the drug cost savings would offset 
the extra administration cost burden and ultimately lead to 
net cost savings is worthy of investigation given the advent 
of biosimilars. Furthermore, cost savings would have impli-
cations for treatment numbers, as the additional budget could 
be used to fund the treatment of additional patients, subject 
to capacity restraints, such as the availability of trained staff, 
administration facilities, etc.

This study aimed to perform a budget impact analysis of 
the introduction of the biosimilar products Truxima and Her-
zuma in EU-5 markets where both the reference intravenous 
and subcutaneous products are available, from the healthcare 
payer’s perspective.

2  Methods

2.1  Model Structure

We developed an incidence-based budget impact model 
(BIM) in Microsoft  Excel® 2016 to estimate the net cost 
impact of adopting biosimilar rituximab (Truxima) and bio-
similar trastuzumab (Herzuma) in EU-5 markets based on 
epidemiology data from the literature, market research data 
on the use of relevant treatments in all indications, and cor-
responding costs. Two scenarios were modelled:

1. World With: where Truxima and Herzuma were assumed 
to be funded for the treatment of indicated populations

2. World Without: where Truxima and Herzuma were not 
funded and all patients were treated with intravenous or 
subcutaneous reference drugs (i.e. reflecting the market 
prior to their launch).

The two scenarios were then compared, and the dif-
ference in total costs was referred to as the net budget 
impact of adopting the biosimilars. Cost savings were also 
expressed in terms of additional patients who could be 
offered treatment, underlining the potential for biosimilar 
uptake to expand access. The model assumed that eligi-
ble patients received treatment in their incident year and 
remained on treatment for the full year.

This budget impact analysis was conducted from the 
payer perspective for the French, German, Italian, Span-
ish, and UK healthcare systems. This perspective includes 
direct drug acquisition and administration costs. In the 
UK, the NHS governs drug payments and estimation of 
treatment costs; in France and Italy, the national tariff pay-
ment system is based on diagnosis-related group (DRG) 
tariffs; in Germany, the German-diagnostic related group-
ing tariff system [28] applies; and in Spain, the Spanish 
drug payment system fully reimburses the provider for the 
costs incurred purchasing drugs from the manufacturer.

2.2  Data Sources

2.2.1  Population Data

The indicated populations for MabThera and Herceptin 
are described in Table 3 in the Electronic Supplemen-
tary Material (ESM). Population data were obtained at 
the national level using the Office for National Statistics 
databases for the UK [29], the National Institute of Statis-
tics and Economic Studies databases for France [30], the 
Federal Statistical Office of Germany databases [31], the 
Italian National Institute of Statistics databases [32], and 
the National Statistics Institute databases for Spain [33]. 
For each indicated population, estimates from a pragmatic 
literature review were used. Adult patients aged ≥ 18 years 
were included in all indications except metastatic gas-
tric cancer, where no age stratification was applied. To 
obtain an estimate for the adult female population, gender 
stratification was applied for the breast cancer indications 
of trastuzumab (early and metastatic). National popula-
tion growth and incidence rates for each indication were 
assumed to be constant for the time horizon of 5 years.

The incidence and prevalence of the indicated condi-
tions in the EU-5 markets are presented in Table 1.

2.2.2  Market Volume Share Data and Assumptions

The market volume share data for the world without Trux-
ima and Herzuma were based on market research using the 
IQVIA MIDAS analytics platform, which captures sales data 
of prescription medical products. We assumed that, when 
both intravenous and subcutaneous products were approved 
for an indication, market volume share was split between 
intravenous and subcutaneous formulations. In indications 
with only one formulation, the entire market volume share 
for that molecule was assigned to that product. The pre-
scription sales data are not specific to each indication, so 
the aggregate market volume share was assumed to apply 
in each indication. Tables 1 and 2 present the market vol-
ume share distribution for MabThera and Herceptin (both 



92 M. Jang et al.

intravenous and subcutaneous formulations) in the world 
with and world without Truxima and Herzuma, respectively.

In the base-case model, market volume share was distrib-
uted between the reference drugs and biosimilar products. A 
share forecast based on historical biosimilar uptake trends 
was made using IQVIA sales data, and, in the base-case 
analysis, the challenge of displacing the subcutaneous share 
was acknowledged by imposing a limit on the extent of the 
subcutaneous share erosion: Subcutaneous share does not 
decrease by more than 10% for trastuzumab or 15% for ritux-
imab from the peak share predicted by the forecasting. This 
point of maximum decline should be viewed as a plateau 
that the subcutaneous share will assume when it declines 
to this point from its peak. In scenario analysis, the rate at 
which the intravenous biosimilar displaced the subcutaneous 

reference product was varied in three scenarios, enabling 
consideration of different uptake levels (details of the market 
volume share data for the reference drugs and their biosimi-
lar counterpart [base case] are presented in Tables 1 and 2 
in the ESM).

2.2.3  Drug Dosage

The dosing details for MabThera, Truxima, Herceptin, and 
Herzuma for all indications included in the model were 
extracted from the relevant SmPCs. Details of the mean dose 
and dosing scheme for the reference product are presented 
in Table 12 in the ESM.

Table 1  Incidence and prevalence for the approved indications across EU-5 countries (UK, France, Germany, Spain, Italy)

CD cluster of differentiation, CHOP cyclophosphamide, doxorubicin, vincristine sulfate, and prednisone, CLL chronic lymphocytic leukaemia, 
DLBCL diffuse large B-cell lymphoma, DMARD disease-modifying anti-rheumatic drugs, EBC early breast cancer, FISH fluorescence in situ 
hybridization, FL follicular lymphoma, GPA granulomatosis with polyangiitis, HER2 human epidermal growth factor receptor 2, IHC immune 
histo-chemistry, MBC metastatic breast cancer, MGC metastatic gastric cancer, MPA microscopic polyangiitis, NHL non-Hodgkin lymphoma, pt 
patient, PY patient-years, RA rheumatoid arthritis, SISH silver-enhanced in situ hybridization
a Incidence of ‘N’ pts reported by the World Health Organisation International Agency for Research on Cancer was converted to incidence per 
1000 PY

Drug Indication Incidence (per 1000 PY) Prevalence (proportion of pts 
meeting eligibility criteria for 
indication as detailed in the 
next column)

Pt characteristics/population 
considered for prevalence 
calculation

Rituximab (MabThera) RA 0.08 [34]–0.9 [35] 10 [16, 23, 36]–30% [23, 37] Adult pts with severe active RA 
with inadequate response to 
other DMARDs

CLL 0.045 [38]–0.07 [39] 45 [23, 40]–100% [23, 40] Adult pts with previously 
untreated and relapsed/refrac-
tory CLL (assumption that all 
incident cases are untreated)

GPA 0.002 [41]–0.029 [42] 100% [13, 23] Adult pts with severe active 
GPA, receiving glucocorti-
coids

MPA 0.001 [43]–0.079 [42] 100% [13, 23] Adult pts with severe active 
MPA, receiving glucocorti-
coids

NHLa (FL + DLBCL) 0.16 [44, 45]–0.24 [44, 45] 49.9 [13, 16, 23]–100% [16, 
23]

Adult pts with stage III–IV FL 
in combination with chemo-
therapy or chemo-resistant

Adult pts with CD20-posi-
tive  DLBCL in combination 
with CHOP

Trastuzumab (Herceptin) EBC 0.717 [46]–1.482 [47] 12 [48, 49]–19% [48, 50] Adult females with HER2-
positive breast cancer

MBC 0.04238 [51, 52]–0.17 [53] 17.5 [48]–30% [48, 54] Adult females with HER2-
positive breast cancer

MGC 0.08 [55, 56]–0.211 [46] 18 [48, 54]–25.8% [48, 57] Adult pts with MGC whose 
tumours have HER2 over-
expression by IHC2+ and 
confirmatory SISH or FISH 
results or IHC 3+ result
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2.2.4  Cost Data

2.2.4.1 Administration Costs In the EU-5 countries, payers 
typically reimburse providers using DRG payments. These 
payments often encapsulate administration costs, imply-
ing that any cost differences between products with differ-
ent administration routes are captured. The DRG cost data 
were identified and used as payer administration costs in 
the models for France, Germany, Italy, and Spain (for Italy, 
the Lombardy region was assumed to be representative of 
the country). However, in the UK, with provider resources 
such as staff time and consumables ultimately falling into 
the payer’s budget (the central payer), the trade-off between 
drug cost savings and additional administration costs is rel-
evant. This was the approach followed by previous UK stud-
ies that assessed cost differences between intravenous and 
subcutaneous formulations, which reported cost savings for 
the healthcare payer based on administration cost savings 
driven by the shorter administration time of subcutaneous 
products [21, 22]. When adopting the UK payer’s perspec-
tive, administration and resource use costs in the model 
were included, similar to previous publications reporting 
intravenous versus subcutaneous costing, i.e. a micro-cost-
ing approach that assigned a value to time and resources 
consumed in their administration [21, 22].

This model included only direct medical costs related to 
medication (drug acquisition, resource use, and administra-
tion costs) incurred by the healthcare payers. The model 
included 2018 drug acquisition costs for all the countries 
in the study. Administration costs in the form of the most 
recently reported DRG tariffs were identified in the coun-
tries in which they are employed: €45.70 in Italy, €383.11 
in France, and €478.32 in Spain (for both intravenous and 
subcutaneous formulations). The higher administration 
cost for France and Spain is potentially attributable to the 
inclusion of all costs incurred during the medical activity 
(e.g. nurse, administration, food costs), whereas in Italy the 

value represents the cost of an administered vial only. For 
Germany, the values differ according to the administration 
route: €74.40 for subcutaneous and €144.61 for intravenous. 
In the UK analysis, the healthcare resource use costs were 
inflated to year 2017 values using the Hospital and Com-
munity Health Service index [58]. The monitoring cost was 
expected to be equivalent between intravenous and subcu-
taneous formulations so was excluded from the analysis. In 
the four other European countries, administration costs for 
MabThera and Herceptin were informed by DRG tariffs. 
Funding in France was as per the T2A tariff list, and the 
administration cost data were sourced from the Technical 
Agency for Information on Hospitalisation. Administra-
tion costs for Germany were those reported by Einheitlicher 
Bewertungsmaßstab and published by the National Associa-
tion of Statutory Health Insurance Physicians in Germany 
[59]. For Italy, data sourced from a hospital database for the 
Lombardy region were assumed to be representative of Italy 
as a whole, and for Spain, the Spanish healthcare cost data-
base e-Salud was used. All these were based on lump sum 
DRG tariffs, included all costs incurred during the medical 
activity (e.g. nurse, administration, food costs) and were dis-
tinguished by administration route where reported. The DRG 
cost was inflated to year 2018 costs using the consumer price 
index. The details of the administration costs adopted per 
country are presented in Tables 13–17 in the ESM.

2.2.4.2 Resource Use Costing In the UK, a micro-costing 
approach for resource use and administration activities was 
taken to align with local clinical practice. Approaches pre-
viously reported by Rule et al. [21] for rituximab and Bur-
combe et al. [22] for trastuzumab were adopted in the UK. 
These studies reported the time involved in administering 
the MabThera and Herceptin IV/SC formulations and ena-
bled calculation of the direct costs incurred in the process 
(HCP time and consumables). The reported time taken to 
administer each formulation was multiplied by the unit cost 

Table 2  Total net budget impact using Truxima (200 mg pack size) and potential additional patients across EU-5 countries

a Currency is GBP (£) for the UK and euro (€) for the other countries

Country Cost category Year 1 Year 2 Year 3 Year 4 Year 5 Total

UKa Net budget impact − 5,369,808 − 10,911,516 − 12,224,685 − 13,844,871 − 14,009,484 − 56,360,364
Potential additional patients 661 1331 1482 1667 1687 6828

France Net budget impact − 9,883,397 − 14,240,441 − 18,808,192 − 21,238,051 − 22,947,580 − 87,117,661
Potential additional patients 1057 1512 1979 2222 2393 9163

Germany Net budget impact − 20,400,688 − 47,544,769 − 71,524,019 − 82,072,162 − 82,318,378 − 303,860,016
Potential additional patients 1052 2455 3689 4231 4244 15,671

Italy Net budget impact − 7,802,594 − 28,465,250 − 35,233,894 − 35,121,145 − 35,008,758 − 141,631,641
Potential additional patients 463 1649 2028 2022 2015 8177

Spain Net budget impact − 653,985 − 866,759 − 832,140 − 767,968 − 936,201 − 4,057,052
Potential additional patients 47 62 60 55 67 291
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of healthcare staff time (i.e. wages), and the cost of consum-
ables involved was then added, in line with the approach fol-
lowed in these previous studies. See Tables 19 and 20 in the 
ESM for the specific details of the UK resource use costing 
adopted. For Germany, costs associated with administration 
time for MabThera were used as a proxy for Herceptin IV 
and SC in the absence of trastuzumab data.

2.2.4.3 Drug Costing The drug cost data for all the compar-
ators were obtained from relevant local databases: the British 
National Formulary [60] for the UK; the Lauer-Taxe [61] 
database, which publishes the manufacturer’s drug list prices, 
for Germany; the national formulary, Gazzetta Ufficiale [62], 
for Italy; the Bot PLUS database [63] developed by the Gen-
eral Pharmaceutical Council for Spain; and the National 
Union of Health Insurance Funds for France. In the scenario 
where Truxima and Herzuma were unavailable in the French 
market, an assessment of pricing landscape indicated that 
the introduction of the biosimilars typically instigates a 10% 
reduction in the price of the reference product and that the 
biosimilar price must be equal to or lower than the reduced 
originator price [64]. Hence, we adopted an assumed price 
reduction of 10% for the originator and a reduction of 20% 
of the initial originator price for the biosimilar. See Table 18 
in the ESM for the drug cost data for the originators and bio-
similars across the five European countries.

2.3  Time Horizon

The base-case analysis presented costs over 5 years, with 
the flexibility to retrieve the budget impact at each yearly 
interval. Year 1 represents the first year in which the bio-
similars were launched in each country. Herzuma sales 
data were collected from different time points in 2018 for 
France, Italy, Spain, and the UK and in 2017 for Germany. 
Rituximab sales data were collected from various time 
points in 2017. Post sales of biosimilars, real-world mar-
ket share data were used up to 2018 to project the market 
share for the reference drug and the biosimilars for 2019 
and onwards.

2.4  Scenario Analysis

To capture the uncertainty around the projected market 
volume share data, scenario analyses were performed. 
Three scenarios of subcutaneous originator market activ-
ity in response to intravenous biosimilar introduction were 
modelled.

1. Scenario 1: Subcutaneous originator market volume 
share was assumed to achieve the highest share it was 
projected to achieve in the base case for the duration 

of the 5-year time horizon (i.e. a market volume share 
plateau at the peak for the model duration).

2. Scenario 2: Upon introduction of the intravenous bio-
similar, the subcutaneous originator market volume 
share was assumed to not decrease from the highest 
point it was projected to reach over the 5 years by more 
than 20% (trastuzumab) or 30% (rituximab). This point 
of maximum decline should be viewed as a plateau that 
the subcutaneous share will assume when it declines to 
this point from its peak.

3. Scenario 3: The IQVIA market uptake projection based 
on historical biosimilar uptake trends was used, i.e. with 
no restriction placed on the share erosion of the subcuta-
neous products. To calculate this, the post-launch mar-
ket growth of previous biologic biosimilars in similar 
therapy areas was applied to rituximab and trastuzumab, 
with assumptions made for the resulting impact on origi-
nator market volume shares.

2.5  Sensitivity Analysis

The one-way sensitivity analyses (OWSA) were conducted 
to test the robustness of the base-case results by varying 
key model parameters by ± 20% in line with standard mod-
elling practice. OWSA results are presented in the form 
of tornado diagrams showcasing the impact of individual 
parameter variation on net budget impact. The parameters 
selected for sensitivity analysis for Truxima were drug 
cost, average body surface area (BSA) for patients with 
NHL, average BSA, estimate of CLL incidence, and esti-
mate of RA incidence. For Herzuma, the parameters were 
drug cost, average weight of female patients, estimate of 
EBC incidence, average weight of the adult patient, and 
estimate of metastatic breast cancer incidence.

3  Results

3.1  Base Case

3.1.1  Truxima

The total budget in the world with Truxima was lower than 
that in the world without in each year of the model; there-
fore, adoption of Truxima can lead to cost savings as savings 
from lower drug acquisition costs outweigh any additional 
administration costs associated with the intravenous for-
mulation, where applicable. In countries with no additional 
administration costs due to equivalent tariffs between intra-
venous/subcutaneous products, the lower biosimilar drug 
costs contribute exclusively to the cost savings. The net 
budget impact and potential additional patients that could 



95Budget Impact Analysis of the Introduction of Rituximab and Trastuzumab Intravenous Biosimilars to EU-5 Markets

be treated with the cost savings were calculated using the 
200 mg pack of Truxima and involving patients with all 
indications and is presented in Table 2 for the five European 
countries.

Increased cost savings with each successive year trans-
lated into increasing numbers of potential additional 
patients, ranging from 661 in year 1 to 1687 in year 5 for 
the UK, from 1057 to 2393 for France, from 1052 to 4244 
for Germany, from 463 to 2015 in Italy, and from 47 to 67 
for Spain (Table 2). Table 3 provides a breakdown of the net 
budget impact into drug acquisition costs and administra-
tion costs. Additional administration costs associated with 
MabThera SC were observed only for the UK and German 
patients with NHL (the subcutaneous formulation is only 
indicated for NHL).

3.1.2  Herzuma

The total cost in the world without was less than that in the 
world with Herzuma, so the adoption of Herzuma indicates 
a cost saving (savings from lower drug acquisition costs 
outweigh additional administration costs). In the countries 
with no additional administration costs due to equivalent 
tariffs between intravenous/subcutaneous products, the lower 
biosimilar drug costs contributed exclusively to the cost 
saving, i.e. no offset was required. The net budget impact 
and potential additional patients that could be treated with 
the cost savings (calculated for patients with all Herzuma 
indications) are presented in Table 4 for the five European 
countries. This growth in annual saving reflects an increased 
market share for biosimilars. Increased cost savings with 
each successive year translates into increasing numbers of 
potential additional patients, ranging from 101 in year 1 to 
267 in year 5 for the UK, from 342 to 461 for France, from 

280 to 888 for Germany, from 212 to 885 for Italy, and from 
28 to 144 for Spain.

Table 5 presents a breakdown of the net budget impact 
into drug acquisition and administration costs. Additional 
administration costs associated with subcutaneous Herzuma 
was observed only in the UK and Germany.

3.2  Scenario Analysis

A comparative summary of the budget impact results in 
the base case and the three market volume share scenarios 
for Truxima and Herzuma are provided in Figs. 1 and 2 
for the UK (data for the other countries are presented in 
Figs. 1–8 in the ESM). Across the countries, scenario 3 
was consistently associated with the highest budget impact 
as the biosimilars displaced the subcutaneous formulation 
without any of the restrictions applied in the other scenar-
ios, facilitating the largest savings for healthcare payers. In 
Germany, the model results were relatively less sensitive 
to these market share scenarios, as subcutaneous displace-
ment in the forecasting using IQVIA data did not show 
a marked decrease from the peak share. Scenario 1 was 
consistently associated with the lowest cost savings, as the 
subcutaneous share decrease from the peak forecast was 
not permitted, constraining the ability of payers to realise 
savings through switching to intravenous biosimilars.

3.3  Sensitivity Analysis

Figures 3 and 4 show the results for the UK analyses 
(data for other countries are presented in Figs. 9–16 in 
the ESM). For both the rituximab and the trastuzumab 
analyses, the most impactful parameter was the drug price 
of Truxima and Herzuma.

Table 3  Truxima (200 mg pack size) analysis cost categories across EU-5 countries

a Currency is GBP (£) for the UK and euro (€) for the other countries

Country Cost category Year 1 Year 2 Year 3 Year 4 Year 5

UKa Drug acquisition − 5,497,555 − 11,464,145 − 13,275,436 − 15,609,130 − 15,786,092
Administration 127,747 552,629 1,050,751 1,764,258 1,776,608

France Drug acquisition − 9,883,397 − 14,240,441 − 18,808,192 − 21,238,051 − 22,947,580
Administration – – – – –

Germany Drug acquisition − 20,400,688 − 47,676,808 − 71,639,906 − 82,272,630 − 82,519,448
Administration – 132,039 115,888 200,468 201,069

Italy Drug acquisition − 7,802,594 − 28,465,250 − 35,233,894 − 35,121,145 − 35,008,758
Administration – – – – –

Spain Drug acquisition − 1,230,627 − 3,840,583 − 6,987,985 − 10,190,382 − 12,488,483
Administration – – – – –
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Table 4  Total net budget impact on using Herzuma and potential additional patients across EU-5 countries

a Currency is GBP (£) for the UK and euro (€) for the other countries

Country Cost category Year 1 Year 2 Year 3 Year 4 Year 5 Total

UKa Net budget impact − 2,204,061 − 5,667,692 − 5,707,366 − 5,747,318 − 5,787,549 − 25,113,987
Potential additional patients 101 261 263 265 267 1156

France Net budget impact − 9,493,825 − 13,365,503 − 13,347,975 − 13,070,683 − 12,791,606 − 62,069,593
Potential additional patients 342 482 481 471 461 2238

Germany Net budget impact − 13,128,839 − 33,041,672 − 42,700,738 − 42,007,246 − 41,309,208 − 172,187,702
Potential additional patients 280 705 914 901 888 3688

Italy Net budget impact − 10,043,946 − 29,545,358 − 41,678,097 − 42,082,565 − 41,897,604 − 165,247,570
Potential additional patients 212 624 881 889 885 3492

Spain Net budget impact − 895,575 − 3,590,860 − 5,552,400 − 5,060,370 − 4,551,403 − 19,650,608
Potential additional patients 28 114 176 160 144 622

Table 5  Herzuma analysis cost categories (budget distribution) across EU-5 countries

a Currency is GBP (£) for the UK and euro (€) for the other countries

Country Cost category Year 1 Year 2 Year 3 Year 4 Year 5

UKa Drug acquisition − 2,418,938 − 6,326,132 − 6,370,415 − 6,415,008 − 6,459,913
Administration 214,876 658,440 663,049 667,690 672,364

France Drug acquisition − 9,493,825 − 13,365,503 − 13,347,975 − 13,070,683 − 12,791,606
Administration – – – – –

Germany Drug acquisition − 13,145,951 − 33,101,561 − 42,869,881 − 42,232,739 − 41,591,388
Administration 17,112 59,890 169,142 225,493 282,180

Italy Drug acquisition − 10,043,946 − 29,545,358 − 41,678,097 − 42,082,565 − 41,897,604
Administration – – – – –

Spain Drug acquisition − 215,671 − 2,472,960 − 3,051,378 − 1,263,152 533,017
Administration – – – – –

Fig. 1  Summary of net budget 
impact results for  Truxima®: 
base-case and scenario 1–3 
analyses for the UK
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4  Discussion

This BIM was developed to estimate the costs from the 
payer’s perspective of a market with and without the avail-
ability of trastuzumab and rituximab biosimilars in the EU-5 
countries in the presence of intravenous and subcutaneous 
reference products and included the complete indication 

profile of the reference products over a 5-year time horizon. 
In particular, our study quantified the trade-off between dif-
ferences in drug prices and administration costs for subcu-
taneous and intravenous formulations of trastuzumab and 
rituximab products in the UK (based on our micro-costing 
approach) and in Germany (based on different DRG costs for 
subcutaneous and intravenous formulations). Although DRG 

Fig. 2  Summary of net budget 
impact results for  Herzuma®: 
base-case and scenario 1–3 
analyses for the UK
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BSA: body surface area; CLL: chronic lymphocytic leukaemia; NHL: Non-Hodgkin Lymphoma; OWSA: one-way sensitivity analysis; RA: rheumatoid arthritis
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Fig. 3  Truxima® OWSA tornado diagram for the UK
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costs encapsulate administration costs, DRG cost values in 
France, Italy, and Spain did not differ between subcutaneous 
and intravenous formulations of trastuzumab and rituximab 
products. Therefore, our budget impact estimates reflected 
the impact of drug price differences between intravenous 
biosimilars and intravenous/subcutaneous reference products 
for these countries.

4.1  Key Model Findings

The base-case results indicated that adoption of the biosimi-
lars Truxima and Herzuma would result in net cost savings. 
Results from previous studies conducted across European 
countries analysing the net budget impact of using biosimi-
lars for both MabThera and Herceptin supported the con-
clusion that replacing the intravenous reference drug with 
its biosimilar counterpart resulted in cost savings [25, 26, 
65]. The present study corroborates that. In these previ-
ous studies, the budget savings were attributed exclusively 
to lower drug acquisition costs for the biosimilars. As the 
administration route for the biosimilar was the same as that 
for the reference drugs in these studies, no additional costs 
were associated with their administration. However, when 
comparing across a market characterised by both subcuta-
neous and intravenous products, the potential for additional 
administration costs with the intravenous formulation must 
be considered, and this trade-off was investigated in the pre-
sent study where applicable.

The savings due to the adoption of biosimilar drugs increase 
the possibility of extending the treatment to additional patients 
beyond those currently treated. Evidence from the existing 
literature suggests that the introduction of biosimilars may 
extend treatment to an additional 7–11% of patients indicated 
for MabThera treatment [22, 26, 65]. In this study, the num-
ber of potential additional patients ranged from 291 (Spain) 
to 15,671 (Germany) for rituximab and from 622 (Spain) to 
3688 (Germany) for trastuzumab. Where all eligible patients 
are treated with appropriate treatment, savings could be rein-
vested in additional services within the healthcare system 
where delivery is deprived and requires improved patient 
access. The cost savings in the study were insensitive to plau-
sible variation in the key input parameters. The primary driver 
was the cost of the biosimilar for all included countries, but 
no parameter changed the overall result of the budget impact. 
Scenario analysis, modelling alternative market uptake projec-
tions, showed that the estimated budget impact was highest 
when no erosion restrictions were placed on the subcutaneous 
product market shares for all countries under consideration, 
indicating that payers can realise the greatest savings when the 
possibility of patients receiving the subcutaneous formulation 
switching to an intravenous biosimilar is maximised.

4.2  Model Limitations

The major limitation of this study model was that only the 
reference products were considered as comparators. This 

EBC: early breast cancer, MBC: metastatic breast cancer, OWSA: one-way sensitivity analysis
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could potentially result in an overestimate of the cost sav-
ings as other credible comparators could also be less costly 
than the reference products; therefore, the actual total cost 
in the world without the biosimilars may be less. The study 
employed 10–20% discounts on the list prices of the refer-
ence drug and biosimilar. However, observing price trends 
for reference drugs and biosimilars in other biologics, the 
actual price discounts are much higher than 20%. Adali-
mumab is expected to receive a 75% budget reduction in 
the UK and infliximab received 70% discounts in Finland. 
Thus, 20% discounts may reflect conservative estimates of 
budget savings, and actual savings may be higher than or 
similar to the study results. Confidential discounts and vari-
ous procurement schemes make it difficult to ascertain the 
actual drug acquisition cost.

Real-world practice may differ from the described meth-
ods and data model because parameters such as annual dos-
ages, staff resource time and associated costs, and patient 
weight/BSA data were obtained from previously published 
literature and were not verified by clinicians.

For France, we assumed a 10 and 20% discount would 
be applied to the reference products and biosimilar, respec-
tively, upon biosimilar introduction. The National Italian tar-
iff data were not identified, so a large region was assumed to 
be representative of the whole country.

This study used list prices when calculating drug acquisi-
tion costs. List prices in many countries do not reflect the 
real costs paid by the payers. In particular, because intra-
venous drugs are procured via different mechanisms in the 
hospital setting, we assume a significant difference exists 
between list price and actual transaction price or purchase 
price. In most cases, the discount is greater for hospital 
drugs than subcutaneous drugs administered in clinics or 
retail pharmacies. The magnitude of discount is difficult 
to estimate in each country and by delivery setting, so this 
study only incorporated the publicly available list price. 
Depending on the magnitude of discounts for intravenous 
and subcutaneous infliximab, possible savings may differ 
from the result.

5  Conclusion

This budget impact analysis emphasised that increased use 
of intravenous rituximab and trastuzumab biosimilars may 
result in cost savings from the payer’s perspective across the 
EU-5 countries. Sensitivity analysis indicated that the base-
case results were robust. The savings realised from switch-
ing patients to biosimilars will help extend the option of 
treatment to a wider affected population. Scenario analyses 
established that the drug costs for biosimilar intravenous 
and subcutaneous product erosion are the most sensitive 
parameters for cost savings. Furthermore, minor variations 

in administration costs may not be a barrier to the uptake 
of intravenous biosimilars. Realising the benefits from bio-
similar usage will depend on the price of biosimilars and 
the capacity of hospitals to distribute a greater volume of 
intravenous infusions.
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