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The effect of new biosimilars in rheumatology and gastroenterology specialities on UK healthcare
budgets: Results of a budget impact analysis

Abstract

Background: The approval of new biosimilars of infliximab, etacept and adalimumab by the European
Medicines Agency is expected to produce furthet sagings to the healthcare system budget.

Objectives: This study aimed to estimate the budget impadhefintroduction of new biosimilars Flixabi
Erelzi®, Solymbi€, Amgevitd and Imrald? in rheumatology and gastroenterology specialitithe UK.

Methods: A published budget impact model was adapted tionatt the expected cost savings following the
entry of new biosimilars FlixaBj Erelz®, Solymbi€, Amgevit& and Imrald? in the UK over three-year time
horizon. This model was based on retrospective etadghares of biologics used in rheumatology and
gastroenterology which were derived from DEFINEt®afe and healthcare professional perspectives.

Results: The model predicted that infliximab and etanercdejpsimilars would replace their corresponding
reference agents by 2020. Adalimumab biosimilarsewsedicted to achieve 19% of the rheumatology and
gastroenterology market by 2020. Without the inticitbn of further biosimilars, the model predicted
reduction in expenditure of £44 million on biologiover the next three years. With the entry of d#ik,
Erelzi®, Solymbi®, Amgevitd and Imrald? the model estimates cumulative savings of £288amiby 2020.

Conclusions: The introduction of new infliximab, etanercept aadalimumab biosimilars will be associated
with considerable cost savings and have a subatdatiourable impact on the UK NHS budget. The nerrdf
biosimilars and time of entry of is critical to ete competition which will result in maximum coavigs.

Key points

* Previous budget impact analyses predicted a derable cost savings from the introduction of kiffiab and
etanercept biosimilars.

» This budget impact analysis estimated the imp#tie introduction of new (upcoming) biosimilars i
rheumatology and gastroenterology specialitieskn U

* This budget impact analysis is unique in thatsiés market reaction to previously marketed bidamnifrom
retrospective (real-life) data and healthcare msitmals’ perspectives.
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1. Introduction

Rheumatic disorders (RD) including rheumatoid atithr(RA), ankylosing spondylitis (AS) and psorati
arthritis (PA), and inflammatory bowel disease ()Bibcluding ulcerative colitis (UC) and Crohn’s éase
(CD) are chronic inflammatory autoimmune diseagesording to the National Rheumatoid Arthritis Setgi

and the British Gastroenterology Association 690,a8d 240,000 people in the UK are living with RBda
IBD respectively [1, 2]. RA is the leading causepafin and disability, costing the National Healtbngce

(NHS) £5 billion a year [1]. The additional costttte economy of sick leave and work-related diggbiilas

been estimated at between £3.8 and £4.75 billioryger [3]. IBD costs the NHS around £900 milliomaally

[4].

Biological disease-modifying antirheumatic drugsDKWARDs) and biological disease-modifying anti-
inflammatory bowel disease drugs (bDMAIDs), as nwooal antibodies and soluble receptors, are well
established as the most effective agents for trggtatients with severe RD and moderate to sedideahd for
those unresponsive to conventional agents [5, @]lerGthe nature of RD and IBD, both bDMARDs and
bDMAIDs are considered chronic therapy and arenoftentinued indefinitely upon commencement unless
there is either loss of response or side effedtsDMARDs, and bDMAIDs are expensive and contrébut
highly to RD and IBD bills [8].

Biosimilars are potentially cost-effective altelimas to reference biological medicines and represenost
containment tool to reduce the biologics bill [%])p to September 2017, three biosimilars of infligim
(Inflectra® and Remsint and etanercept (Benepdliwere in use in the UK for RD and IBD. Recently, a
additional infliximab biosimilar (Flixal5) and an etanercept biosimilar (Eré)zieceived market authorisation
in the UK. Three adalimumab biosimilars (Solynthidmgevitd and Imrald?) were licenced by the European
Medicine Agency (EMA) in March and August 2017 dadnch is anticipated in the UK market immediately
following the patent expiry of branded (referenesjalimumab (Humif® in October 2018 [10, 11]The
behaviour of the biologics market following the heh of infliximab and etanercept biosimilars suggéisat the
introduction of adalimumab biosimilars will provokempetition with subsequent savings. A previousey of
healthcare professionals (HCPs) showed that theee sabtle differences between specialities views on
biosimilars with different uptake patterns [12].

Budget impact analysis (BIA) is an estimation o thotential financial impact of the adoption of ewn
intervention (medicine) into health systems sucthasUK NHS over a short to medium time horizon,[13].
BIA provides health service managers and commissf(payers) with information to support budgenplag
and effective resources allocation [15].

A survey of the literature revealed that budgetdotpanalyses have been performed to estimate awvsigs
associated with the entry of infliximab and etaeetdiosimilars before and after their market eatrypational
and international levels [16-25]. The majority bése budget impact analyses were based on thitd-payer
perspective (public health systems, payers, pati@md healthcare professionals). None of theslysasawere
conducted on adalimumab biosimilars or the impéth® entry of new infliximab and etanercept biogams in
RD and IBD markets. Furthermore, none of theseissugas factored in the impact of competition dermence
biologic and biosimilars prices. To fill this gap knowledge, the aim of this study was to estintla¢epotential
cost savings associated with the introduction afliatimab, etanercept and infliximab biosimilars{@&ubic®,
Amgevitd®, Imraldi®, Erelzi® and Flixab?) for the treatment of RD and IBD on the NHS budgethe UK for
the next three years (2018-2020). As the time baoripr the BIA should be until the proposed drug reached
a stable market share [14], it is expected thatimdanab biosimilars would reach a stable marketreshzy
2020. Since there are already biosimilars of inflixb and etanercept on the market, it is anticppdtat the
market share for the new biosimilars would be stdigfore then.

2. Methods

2.1. Healthcare professional perspectives

Healthcare professionals (HCPs) (consultants, paeists and nurses) in rheumatology and gastrodatsro
specialities who are involved in prescribing, manggnd procuring biological medicines includingdimilar
medicines were asked for the expected price remtuctifered by newly launched biosimilars.
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2.2. Budget impact analysis model

A published Microsoft Excel-based static budget actpmodel developed by Mauskopf et al., [14] was
modified and updated to estimate the financial ichpaf the introduction Solymbfc Amgevitd, Imraldi®
(adalimumab biosimilars), Erefz{etanercept biosimilar) and Flix&b{infliximab biosimilar) for the treatment
of RD and Solymbi& Amgevit€, Imraldi® and FlixabP for the treatment IBD in the UK. A one-year time
horizon (reference case scenario) was built fromee (in 2017) real-life market shares and prif@seach
biological drug (the reference and the biosimilam)yrheumatology and gastroenterology specialitiEsjved
from the DEFINE Software [26]. A three-year timerizon BIA model for the years 2018-2020 was created
based on extrapolation of the utilisation trends emsts from data on the market reaction to exjstiosimilars

of bDMARDs and bDMAIDs. The perspective of HCPs rireumatology and gastroenterology was also
included in the BIA model (Table 1).

2.3. Population

Data on adult population, disease-specific incigesied prevalence, percentage of patients who vigible to
receive bDMARDs and bDMAIDs in the UK were deriviedm the published literature and NHS reports (€abl
2) [27-33]. The size of the adult population in the (#igible population) was 50,192,000 with 0.8% a&in
population growth rate [34]. Applying the eligiltylicriteria in Table 1 resulted in estimation 066247 patients
with a rheumatological disease and 230,883 patieiits a gastroenterological disease. The estimatadber
of adult patients receiving biological medicinetie sum of (adult population multiplied by the ohence of a
specific disease multiplied by the percentage wfilde patient population for biological treatmgiable 2))
plus (adult population multiplied by the prevalemée specific disease multiplied by the percentaigeligible
patient population for biological treatment (TaB)g.

Table 1 Flow diagram for an analysis of the budget impact of infliximab, etanercept and adalimumab biosimilars in
rheumatology and gastroenterology specialities in the UK

1. Eligible Population| | Adult population of UK | | Adult population of UK |
! !
| Incidence of disease | | Prevalence of disease |
Percentage of adult eligible for Percentage of adult eligible for
bDMARDSs or hDMAIDs bDMARDs or bDMAIDs
! !
| Total number of adult patient receiving bDMARDsb®MAIDs |
!
| 2. Time horizon | Annual costs for three years |
! !
3. Current and future bDMARDSs or bDMAIDs without the bDMARDs or bDMAIDs with the
treatment mix introduction of Flixab¥, Erelz®, introduction of Flixab?, Erelz,
Solymbi®, Amgevitd® and Imrald?” Solymbic®, Amgevit&® and Imrald?
! !
| 4. Cost || Average net prices | | Forecasted price |
! !
5. Budget impact Without Flixabj ErelzP, With Flixab®, ErelzP, Solymbic’,
Solymbi®, Amgevit& and Imrald? Amgevitd® and Imrald?

* Flixabi® (infliximab biosimilar), ErelZ (etanercept biosimilar) and SolymbjdAmgevits, Imraldi® (adalimumab biosimilars)

Table 2 Percentage of incidence and prevalence of rheumatic disorders and IBD

Population Ulcerative colitis Crohn’s Disease Rheumatoid | Ankylosing Psoriatic
[27] [28] Arthritis  [29, | Spondylitis  [31,| Arthritis [33]
30] 32]
Prevalence 0.24% 0.20% 0.86% 0.2% 0.15%
Incidence 0.01% 0.01% 0.015% 0.0069% 0.017%
Percentage patient 11.5%* 19%** 10%* 20%* 2.4%*
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population eligible for
biological treatment

Estimated total number 14,603 20,027 43,918 20,770 2,012
of adult patients
receiving biological
treatment

* Eligible patient population for biological treatmeaken from the literature [refences 27, 30, 3, 3

** Eligible patient population for biological treatnes the sum of multiplication of percentage of kslwith moderate or severe Crohn’s
disease (40%) multiplied by the percentage of p&tien whom conventional treatment is ineffectivewbere they cannot tolerate it (50%)
multiplied by the percentage of adults with modeat severe Crohn’s disease who require anti-tumearosis agent (95%) [reference 28]

2.4, Market sharesand cost

Retrospective secondary care market shares of bDBARdalimumab, etanercept, infliximab, certolizibma
pegol, golimumab, abatacept and tocilizumab) inurh&tology specialities (Figure 1) and bDMAIDs
(adalimumab, infliximab, golimumab and vedolizuméabjastroenterology specialities (Figure 2) wesekd
from the DEFINE Software from January 2014-OctoB@l?7. The DEFINE Software is a NHS prescribing
database of medicines usage covering over 90%ubé &HS hospitals as well as Specialist Centres\etal
Health Trusts throughout the UK [26]. The UK MedieiOptimisation Dashboard was also visited to ileev
percentage of uptake of existing biosimilars angrele of saturation in each Trust [35]. Secondarg gaices
were the average net prices for each product @efer biologic and biosimilar) across all trustshwitthe
DEFINE Software including value-added tax. Annuedj@sition costs only were included in this anaysi
Administration and therapy monitoring costs wer¢ included (assumed to be the same) since no switch
between different molecules was anticipated. Mauatelbf the switching was limited to reference bugitmal
medicine / biosimilar for the same molecule usitilisation patterns from a previous study [16].

2.5. Scenario analysis

Retrospective market analyse§ existing anti-tumour necrosis (TNF) biosimilgifsom DEFINE Software)
revealed that the UK market reacted in a compley teathe availability of these biosimilars as refece
biological products reduced their prices in respaiosthe availability of less expensive biosimilaree model
applied to the forward projection for the threerent brands of adalimumab, etanercept and inflikimssumed
the same level of discounting, i.e.; 10% reductiothe first year of competition, 20% in the secomer [16],
35% in the third year (actual data on infliximabrfr DEFINE Software in October 2017). For the foydar a
discount of 50% was assumed. For the bDMARDs/bDMallRosimilars, a similar retrospective analysis
identified an average 33% discount at launch [468 continued to decrease in response to compehitid 5%
per year on average. The model assumed this wdalegu at 40% of the biosimilars marketing pricgesr 5
and beyond.These assumptions were further supported by a tréepavay 2017, in which Remsima had
actually been sold to the NHS at prices 40% - 56%el than the list price of Remicdtg6]. Despite price
reductions of reference biological medicines anasibiilars infliximab and etanercept, the pricesottfier
biologics did not change [16].

Biosimilars penetrated the market gradually, adhigt0% of the molecule market in the first yed%@in the

second year and 65% in the third year [16]. Upiakbe fourth year and beyond was modelled at @mame of

90%, based on figures from the commissioning fraor&vior biological medicines report in Septembef 20
[37].

To examine the impact of the introduction of FligtErelz®, Solymbi®, Amgevitd and Imrald? on the UK
budget the first, reference case, scenario coresider market forecast in which no new biosimilarseve
launched. Four further sequential analyses werdwzad all based on 2017 market share and prid¢esfifist
scenario was modelled on only infliximab biosimildlixabi®) entering the market at a discount of 50%
compared to existing infliximab biosimilars (Infteg® and Remsiny in RD and IBD market (based on actual
costs in the DEFINE database at October 2017) €Tapl

The second scenario (etanercept biosimilar (E¥gtzitry) assumed at a discount of 10% comparedéiedle
etanercept biosimilar (Benepgliin RD (based on the results of the qualitativeeriviews with HCPs in



149 rheumatology). The third scenario (adalimumab Ipilsirs entry) assumed that adalimumab biosimilaosild/
150 be available at a discount of 33% compared to E@ratialimumab (Humify in RD and IBD (based on the
151 previous market behaviour of bDMARDs biosimilarsdaHCPs opinions). The fourth scenario (all new
152 biosimilars entry) examined the budget impact &f #évailability of all new biosimilars in RD and |B&t the
153 suggested priceend molecule market shares used in scenarios dhect.Linear regression analysis was used
154  to predicted market shares of existing referenadofic and biosimilar bDMARDs and bDMAIDs uptake
155 patterns and extrapolated forward to 2020 (Tahle 3)
156 Table 3 Model assumptions
No. | Model name Assumptions Biosimilars entry prige$otal Biosimilars | Reference
biosimilars price annual price
market share | reduction reduction
per molecule
0 Reference No new Already in use 1st year 10% 1" year 33%| 1st year
case scenario | biosimilars were | biosimilars (Remsima, | 2" year 35% | of reference | 10%
launched Inflectra and Benepali)| 3" year 60% price. 2" year
4" year 90% | 2™ - 4" year | 20%
15% 3% year
reduction 35%
per year. 4" year 50%
5" year and
beyond 40%
of the
reference
price.
1 Infliximab Entry of Flixab? | Flixabi® actually 1styear 10% | 2nd - 4th Already
biosimilar to RD and IBD marketed at a discount| 2" year 35% | year 15% plateaued at
case scenario | markets of 50% compared to 3% year 60% reduction 50%
existing infliximab 4" year 90% per year.
biosimilars (Inflectr&
and Remsim3) in RD
and IBD market
2 Etanercept Entry of ErelzPto | Erelzi® marketed ata | 1styear 10% | 2nd - 4th 2nd year
biosimilar RD market discount of 10% 2"year 35% | year 15% 20%
case scenario etanercept biosimilar | 3 year 60% reduction 3rd year
(Benepalf) in RD 4" year 90% per year. 35%
4th year
50%
3 Adalimumab | entry of Adalimumab 1st year 10% 1" year 33%)| 1st year
biosimilars Solymbic®, biosimilars marketed af 2" year 35% | of reference | 10%
case scenario | Amgevita® and | a discount of 33% 3% year 60% price. 2" year
Imraldi® to RD | compared to branded | 4" year 90% | 2" - 4" year | 20%
and IBD markets | adalimumab (Humir3 15% 39 year
in RD and IBD reduction 35%
per year. 4" year 50%
5" year and
beyond 40%
of the
reference
price.
4 All new Entry of Flixab?, Entry of all biosimilars | 1st year 10% | This the Asin
biosimilars Erelzi®, in scenarios one to 2nd year 35% | sum scenarios 1-
case scenario | Solymbic®, three, 3rd year 60% | modelled 3
Amgevitd® and 4th year 90% | prices
Imraldi®to RD scenarios 1-
and IBD markets 3
157
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2.6. Sendtivity analysis

One-way sensitivity analyses were used to tesséhsitivity of the model assumptions. Parametetigdan the
sensitivity analyses included market uptake of iniars (£10 %), discount on the price of biosimig+10
%), the total number of patients treated with bjids (10 %) for the fourth (all biosimilars entrggenario
(Figure 3).An internal validation of the model has been perfed by the authors.

3. Results

3.1. Market shares

Figures 1 and 2 show retrospective and forecastadkah shares of biologics before and after theyeotfr
biosimilars in rheumatology and gastroenterology ecsglities respectively. During 2014, no
bDMARDs/bDMAIDs biosimilars were in use in UK.

Figure 1 shows that the percentage of utilisatibimftiximab biosimilars increased gradually frorfelin 2015
to 6% in 2017. The percentage of utilisation ohetaept biosimilar (Benep8)iincreased from 3.4% in 2016
to 12.6% in 2017. It would be expected that with &mtry of new infliximab and etanercept biosins|ahese
would replace their corresponding branded refer@mnoducts by 202@ather than existing molecule biosimilars
(Figure 1). Similarly, it would be expected follawg the entry of adalimumab biosimilars in 2018 ttiegtse
biosimilars would achieve 19.4% of the RD marke®Bg0.

Interestingly, the RD market share of infliximakef@rence biologic and biosimilars) decreased fr@% in
2014 to 9.7% in 2017 and is expected to decreastughly to 8% by 2020. Similarly, the RD market rghaf
etanercept (reference biologic and biosimilar) dased from 35% in 2014 to 32% 2017 and is expected to
decrease gradually to 30% by 2020. Therefore, itldvdoe expected that following the introduction of
adalimumab biosimilars in 2018, the percentage tlisation of adalimumab (reference biologic and
biosimilars) would decrease from 34% in 2017 to 32942020 (Figure 1). In contrast, the RD marketraha
percentage of golimumab (Simp8pi certolizumab (Cimzi®, tocilizumab (RoActemf3 and abatacept
(Orenci&) increased from 18% in 2014 to 25% in 2016 andeplaed in 2017. Our model predicts the market
share of these agents would increase graduall@%oe 13y 2020 (Figure 1).

Figure 2 shows that the percentage of utilisatibinfliximab biosimilars increased from 11.5% in Z®to
43.5% in 2017 in the IBD market. It would be expekcthat this utilisation would further increasehntihe entry

of new infliximab biosimilar to replace brandedliximab (Remicad®) in the IBD market by 2020. Similarly,
it would be expected following the entry of adalimab biosimilars in 2018 that these biosimilars wloul
achieve 19% of the IBD market by 2020 based omtbdel described in section 2.5 (Figure 2). In alsinway

to the RD market, the IBD market share of inflixim@eference biologic and biosimilars) decreasethf66%

in 2014 to 54% in 2017 and is expected to decrgmadually to 48.35% by 2020. Therefore, it would be
expected that following the introduction of adalimab biosimilars in 2018, the IBD market share of
adalimumab (reference biologic and biosimilars) ldalecrease from 36% in 2017 to 31.85% by 2020uffeig
2).

In contrast, the IBD market share of golimumab (&m") and vedolizumab (Entyvid increased from 1.5%
in 2014 to 10% in 2017. Our model predicts the eetage of utilisation of these agents would inaeas
gradually to 19.8% by 2020 (Figure 2).

3.2. Scenario analysis

Reference case and biosimilars entry scenarioysesmlere performed to examine the budget impaeht§
of new biosimilars in RD and IBD markets as desmliin section 2.5. Scenario findings are preseintdcble
4. The reference case model assessed the budgattithmo new biosimilars enter the RD and IBD nedsk
The cumulative impact of this model was a reductioexpenditure by £48,360,678 in RD and an inarazs
£4,359,509 in IBD for the next three years.

Flixabi®, Erelzi” and adalimumab biosimilars entry models assedsedudget impact of the entry of each
biosimilar separately in the RD and IBD marketse Tinpact of the introduction of adalimumab biosarsl was
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found to be associated with highest savings conspare-lixabf® and ErelZ entry (Table 4). The net budget
impact of the entry of these new biosimilars was times higher in RD compared to IBD (Table 4).

Table 4 Budget impact of adoption of new biosimilars in rheumatology and gastroenterology specialities in UK in British

pounds sterling
Year 1 Year 2 Year 3 Total
(2018) (2019) (2020)
Reference case (no new biosimilarRD | -30,987,173| -20,489,593 3,116,088 -48,360,678
entry) IBD | -6,573,865 2,202,941 8,730,433 4,359,509
Infliximab biosimilar (FlixabF) entry | RD | -380,046 -694,037 -1,053,356 -2,127,439
IBD | -1,287,986 -1,825,976 -3,007,921 -6,121,883
Etanercept biosimilar (EreRjentry | RD | -671,772 -1,515,143 -6,309,710Q -8,496,62
IBD - - - -
Adalimumab biosimilars (Solymbic | RD | -25,396,052 | -59,854,051 -91,623,114  -176,873,2[17
Amgevitd® and Imrald?) entry IBD | -14,219,076 | -31,449,623 -45,499,67)7  -91,168,376
All new biosimilars entry (FIixa@i, RD | -26,447,870| -62,063,232 -98,986,181 -187,497,2B83
Erelzi®, Solymbi€, Amgevit® and| IBD | -15,507,063 | -33,275,599 -48,507,599  -97,290,26[

Imraldi®)

3.3. Sensitivity analysis

The results of sensitivity analysis for all biodang entry in RD are shown in Figure 3. The highetl impact
on savings was calculated by changing biosimilaasket uptake.

4. Discussion

Our BIA estimated the impact of the introductionmaw biosimilars in RD and IBD on the NHS healtlecar
budget in the UK. Our study is the first calculgtiavings realised from the introduction of adalinailp

biosimilars in rheumatology and gastroenterologgcsities in the UK. This BIA model was based e t
previous UK market behaviour as a result of theothiction of infliximab and etanercept biosimilars
(Inflectra®, Remsim& and Benepal)) from retrospective data (DEFINE Software), datanf the medicine
optimisation dashboard about infliximab and etagptrdiosimilars uptake in UK acute Trusts, andrémults
from HCPs interviews. The results of this analysdiswed that the introduction of new infliximab, retecept
and adalimumab biosimilars will deliver a considdeacost saving to the NHS (Table 4). These savargsn
line with the NHS aims and vision that introductioihbiosimilars has the potential to realise sasinfat least

£200-300 million per year by 2020/21 [37].

According to NICE guidelines, with the availabiligf more than one suitable treatment option, tiss le
expensive agent including biosimilars should beseno[5]. Infliximab and etanercept biosimilars hdeen
considered as first-line agents in IBD and RD; eesipely by some regional/local medicines managemen
group/local formularies [38, 39]. The relativelypid penetration of infliximab and etanercept biakns in
IBD and RD market; respectively, (Figures 1 andn2jcates that these products are prescribed &tilsted
and biological naive patients. This inference ighfer supported by the British Society of Gastreesibgy

statement (in 2016) which supported both initiatgod switching to infliximab biosimilars and eadgta from

the British Society for Rheumatology biologics stgi for RA (in 2017) that RD patients are activiebing
switched to infliximab and etanercept biosimilass ¢ost reasons [40, 41].

An unexpected market response to the entry of hideis was seen during 2015-2016, when the mataates
of infliximab and etanercept (reference biologipedduct and biosimilars) decreased following theoiduction
of their corresponding biosimilars (Figures 1 andI@ contrast, the market share of biologics ndijected to
biosimilars competition such as golimumab, certotiab, tocilizumab, abatacept and vedolizumab ise@a
(Figure 1). This may be due to treatment failuradiequate response, inability to tolerate, condieation or
adverse effect with other biologics and requiretaing to another molecule. For example, 5% of |gddients
cannot tolerate treatment with infliximab or adalimab, and these biologics were ineffective in 410€D
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patients [28]. Similarly, 5.9% of RA patients hasecontraindication or cannot tolerate anti-TNFshsas
infliximab and adalimumab [42]. Moreover, some pbigms’ reluctance and/or concerns to prescribe
biosimilars may also influence their choice of tneant from molecules with biosimilars to agents sujected

to biosimilars competition [43Bwitching among bDMARDs/bDMAIDs depends on theiclen’s decision to

a second agent or an agent with a different meshanf action [44]. Therefore, it would be expectieat with

the entry of more biosimilars (Flixaband ErelZ?) at the beginning of 2018 and adalimumab biosimilate at
the end of 2018, the market share of adalimumater@ece biological product and biosimilars) wouldoa
decrease following the introduction of adalimumabshmilars. The increased market share of agents no
subjected to biosimilars competition, i.e. refernmological agents which are more expensive, at ase
population growth, was responsible for the incrdasgpenditure in the IBD reference case scenarib an
offsetting of savings from existing and new biosars in all other scenarios (Table 4) This factaswot taken
into account in other BIAs.

The Flixab? entry model (Table 4) was associated with thetlsagings compared to the other models despite
the 50% discounted price compared to other infladnbiosimilars. This may be due to the fact tha th
infliximab market has been subjected to two esshlil biosimilars and the majority of patients tvate on
Remicad® have already been switched to Rem$inaad Inflectr®. This is supported by data from the
Medicines Optimisation Dashboard that indicated théliximab biosimilars utilisation ranged 0-49% .4
Trusts, 50-89% in 54 Trusts and 90-100% in 42 Brust April 2017 out of a total of 110 Trusts using
infliximab in all specialities [35]. Therefore, it likely that only a small proportion of patient ®emicad®
would be eligible to be switched to Flix&band/or Flixab? would be reserved for newly diagnosed patients.
The Flixabf model included a price reduction of existing ixifinab biosimilars in response to increased
competition. The impact of this scenario was highelBD than in RD since the proportion of patietrsated
with infliximab were much higher in IBD than thoseRD.

Etanercept is not licenced for use in IBD, therefthte results of the Erefzentry model was limited to RD. In
this model, Ereli was assumed to be introduced at a 10% lower ghie the currently available etanercept
biosimilar (Benepalfi). The budget impact of Erefzintroduction was higher than that of Flix&ksince the
utilisation of etanercept is much greater thariiiflab in the RD market. The time of Erélzntry is critical in
the analysis, since Benepalvas launched in 2016 and patients switching plieora Enbref to Benepafi was
only started in 2017 (based on HCPs opinions). eglicines optimisation dashboard data indicated tha
etanercept biosimilars utilisation ranged 0-49%4 3 Trusts, 50-89% in 37 Trusts and 90-100% in 24sfBrin
April 2017 out of a total of 104 Trusts using etamgt in all specialities [35]. This means unlikdlikimab,
there is more opportunity for competition betweemn@palf and ErelZf to be used in newly diagnosed patients
and for switching existing patients on EnfiteWWe modelled that this greater competition in étanercept
market would lead to more price reductions whichuld@ffect the price of Enbr&lthe model suggests a fall of
50% to remain competitive.

The adalimumab biosimilars entry model was based amxture of the experience following the entrytioé
etanercept and infliximab biosimilars. Due to thikrity between etanercept and adalimumab in seoh
being the market dominants in the RD market, hagirsgmilar market share, mode of administratiopatient-
friendly devices and similar price per defined galbse (before the entry of biosimilars), the ergrice of
these new biosimilars was modelled on that of Bali@pAs it is expected that the three adalimumab
biosimilars will be introduced at the same timas il likely to provoke competition between thegasbmilars
(themselves) and with the brand (Hurfiiran a similar way to how the market reacted whefettra® and
Remsim& were launched at the same time in March 2015. &fbeg, the subsequent price reductions seen in
the infliximab market was used to model the pribarnges following the introduction of the three adamab
biosimilars. Moreover, previous prescribers’ expace with infliximab and etanercept biosimilars Vaobe
reflected in easier (smoother) and faster entrg iatalimumab market than the entry of infliximabdan
etanercept biosimilars.

Despite the differences between biosimilars andegenmedicines in term of structure, developmend an
authorisation, generic and biosimilars share thalai commercial concepts of being a less expensoy,
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marketed following the patent expiry of the refer@medicine [45]. The rapid and dramatic entryndiixiimab
and etanercept biosimilars was similar to somergxige entry of generic medicines. Infliximab biogars
dominated the infliximab market in RD and IBD sdities in 3 years and in our BIA, is expected eplace
Remicad® completely in the next 1-2 years (Figures 1 and THe same situation could be applied for
etanercept and adalimumab biosimilars. This utibsatrend and the market penetration of theseititer's is
similar to the entry of generic medicines in thetiss market [46].

Several BIAs assessing the impact of the introdaabf infliximab and etanercept biosimilars werarfd in the
literature [17-25]. As these BIAs were conducteddifferent countries in Europe, the total spendomy
bDMARDs and bDMAIDs varies between countries angel tbmparisons between international budgets would
be inappropriate. A study by Ruff et al., (2015)reated the five-year budget impact of etanercépsitnilars

in the UK would result in savings of £100-£260 roifl based on the assumption that the etanercegintilar
(Benepalf) price would be between 10-25% lower than thaEmref’ [23]. Although our BIA was based on
three-year time horizon, a lower total figure wasicipated to be achieved (from our previous arialygich
showed that Benep&liachieved £23.4 million in the first year [16]. Ttesults of this analysis in the reference
case showed savings of £48 million mainly from (8eai®), since RD are higher users of etanercept than IBD
and anticipated savings from Erélzntry (Table 4). The Ruff et al., study, did raie into account the impact
of the competition between the EnlSreind Benepali, nor the entry of further biosimilars that woutihsulate
more competition with further price reductions anthsequent savings.

Kanters et al., study estimated the adoption dixinfiab biosimilars over five years in RD and IBB UK,
Germany, France, Spain and Italy based on 201248 4 relatively low number of clinicians from éaaf the
five European countries participated in this Delpbivey [25]. For compatibility reasons, we complaogir
results with the UK results of this study. Kantetsal., forecasted that the UK uptake of all inftiab
biosimilars would gradually increase from 0% at blegjinning of the analyses (year 0) to 2.5% by feiar RD
and 12.5% in IBD; prices were fixed during the stymkriod for both reference and biosimilar inflixain
Biosimilar infliximab was set at 50% discount ofrieadé list price with expected savings from the entry of
infliximab biosimilars in UK of £181 million in Rand £770 million in IBD over five years.

Our results showed less savings were associatdd thét entry of infliximab biosimilars (£48 milliofrom
already in use biosimilars with further £2 millidrom the entry of the third biosimilar (Flixabi) iRD. This
discrepancy between Kanters et al., study anderults could be attributed to a number of factgemters et
al.,, used market shares at 2012/13 that did ndecatethe dynamic changes in the RD and IBD markets
following the entry of Inflectrd and Remsinfa Furthermore, the prices used in Kanters et aidehwere the
list prices, which were fixed during the study pelrithe biosimilar price discount was overestimae&0%,
and did not take into account the competition betwéhe brand and the biosimilars and subsequeog pri
reductions. In contrast our model was based onlifealitilisation and price data reflecting markmthaviour.
Furthermore, the Kanters et al., study was basededphi survey results in 2015, when infliximab $imilars
had just been launched in the UK market and HCHEsah#o or little experience with bDMARDs and bDMAD
biosimilars. The Kanters et al., study also ovéemestied vedolizumab market share and suggested raptab
entry of this molecule into the IBD market. Ourdstibased on actual utilisation data showed thabhadnab
entry was gradual since its availability in 2014g(fe 2).

Severs et al., (2017) estimated the impact of ttr@duction of biosimilars in IBD (2015-2019) in tierlands
[47]. This BIA was based on Dutch data (prevalesuog cost). Although this BIA expected a price raituncof
Remicad®& in response to biosimilars competition, they agpected a price reduction of reference adalimumab
(Humira®) in response to the entry of infliximab biosimfaand potential switching from adalimumab to
infliximab biosimilars. Furthermore, this BIA dicbhestimate the entry of adalimumab biosimilarsher entry

of vedolizumab and golimumab, which our real-wathta has shown to have a substantial impact oiBibe
market.

The strengths of this study are that it is thet fiocscalculate the impact of the entry of adalimbnaad new
infliximab and etanercept biosimilars. Furthermotlhe assumptions in the BIA models were based on
retrospective real-life utilisation and prices daia with all BIAs, our model had limitations. Whilrituximab
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is an option in the treatment of RD when otherdgiads have failed, there is no defined daily doskek for this
molecule due to its highly-individualised utilisati and wide dosage ranges. Therefore, rituximdisation
cannot be compared to other bDMARDSs and has nat mtuded in this BIA. The recent introductiontbfee
rituximab biosimilars in 2017 in UK, will undoubtiydproduce additional cost savings. The model aggioms
were based on previous market performance and h€Rpectives. With the plethora of biosimilars @ntg
the marketing and experience with biosimilars iasieg the market dynamics may change over the ¢p@fio
the BIA. Administration and therapy monitoring costere not included (assumed to be the same) sioce
switching between different molecules was anti@gdatAlthough we acknowledged that there may bedrdd
administrative cost associated with switching aegistering patients on disease registries as reeomed by
the National Rheumatoid Arthritis Society [48].

5. Conclusion

According to this BIA, the introduction of new infimab, etanercept and adalimumab biosimilars \wél
associated with considerable cost savings and aaubstantial favourable impact on the UK NHS budglee
number of biosimilars and time of entry of is @dti to create competition that leads to more casings.
Despite the potential increase in the number ofibidars, the use of reference bDMARDs/bDMAIDs not
subjected to biosimilars competition is likely tontinue to increase and offset some of the saypnogduced by
biosimilars.
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Figure 1 Retrospective and forecasted market sluditgislogics between 2014 and 2020 in rheumatology
specialities

Figure 2 Retrospective and forecasted market sluditgislogics between 2014 and 2020 in gastroetagyo
specialities

Figure 3 One-way sensitivity results of £10% of plapion, discount and biosimilars market uptak&
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