Orphanet Journal of Rare Diseases | Full text | Estimating the budget impact of orphan me... Page 1 of 6

ORPHANET JOURNAL

CLHRB) 5 R ARE DISEASES

Research
Estimating the budget impact of orphan medicines in Europe: 2010 - 2020
Carina Scheyi, Tsveta Milanova®? and Adam Hutchings? *

* Corresponding author: Adam Hutchings adam@gamasoin.com
1 GMAS, Building 3, Chiswick Business Park, London, ¥4 5YA, UK
2 Celgene Corporation, 86 Morrls Avenue, Summit, N} 07901, USA
For all author emalls, please Jag on.

Crphanet Journal of Rare Diseases 2011, 6162 dol:10.1186/1750-1172-6-62
The electronic version of this artlcle is the complete one and can be found online at: http://vivav.ojrd.comfcontent/6/1/62

Recetved: 12 April 2011
Accepted: 27 Septermnber 2011
Published: 27 September 2011

© 2011 Schey et al; licensee BioMed Central Ltd.
This s an Open Access article distiibuted under the terms of the Creative Commons Attribution Ucense (http:/{creativecommons.orgflicenses/by/2.0), which permits
unrestricted use, distribution, and reproduction In any medium, provided the original work 15 properly dted,

Abstract

Background

Orphan drugs are a growing I5sue of importance to Furepean healthcare pollcy makers. The success of orphan drug legislation In Europe has resulted In an Increasing
number of licensed medicines for rare diseases, and many more yet unticensed products have received orphan drug deslgnatton, Increasingly the concerns amongst
policy makers relate to lssues of patient access and affordability, yet few studies have sought to estimate the future budget tmpact of orphan drugs. The aim of this
study was to predict the total cost of orphan medicines In Europe between 2010 and 2020 as a percentage of tetal European pharmaceutical expenditure.

Methods
A disease-based epidemiologlcal model was created based upon trends In the designation and approval of new orphan medicines, prevalence estimates for orphan
dlseases, and historical price and sales data for orphan drugs In Eurepe (defined as Eurozone + UK). The analysis Incorporated two stages:

1} Predicting the number of diseases for which new orphan drugs wiil be approved over the next decade, based on an analysis of trends from the EU registry of orphan
medicines;

2) Estimating the average ex-factory drug cost across an orphan disease life cyde, from the year tn which the first orphan medicine Is launched to the polnt where the
first medicine loses marketing exclustvity.

The two sets of Information were combined to quantify the annual cost of orphan drugs from 2010 through 2020,

Results

The results from the model predicted a steady Increase in the cumulative number of diseases for which an orphan drug Is approved, averaging just over 5 new diseases
per year over the next 10 years, The annual per patient cost of existing orphan drugs was seen to vary between €1,251 and €407,631, with the median cost baing
€32,242 per year. The share of the total pharmaceutical market represented by orphan drugs is predicted to Increase from 3.3% In 2010 to a peak of 4,6% In 2016 after
which It Is expected to level off through 2020, as growth falls Into line viith that In the wider pharmaceutical market. In sensitivity analysls peak-year orphan drug
budget impact ranged between 3% - 6.6%.

Conclusions

Although European orphan drug legislation has led to an Increase in the number of approved orphan drugs, the growth In cost, as a proportion of total pharmaceuttcal
expenditure, Is likefy to plateau over the next decade as orphan growth rates canverge on those In the broader pharmaceutical market. Given the assumptions and
simplifications Inherent In such a projection, there is uncertalnty around the base case forecast and further research 1s needed to monlter how treads develop, However,
fears that growth In orphan drug expenditure will lead to unsustainable cost escalation do not appear to be justified. Furthermore, based on tha resuits of this budget
Impact forecast, the European orphan drug leglslation Is not leading to a disproportionate Impact on pharmaceutical expenditure.

Backaround

Orphan diseases are rare and often debilitating conditions, defined In the European Union (EU) as having a prevalence of no more than five per 10,000 people [1]. There
are believed to be between 5,600 and 8,000 different rare diseases affecting an estimated 29 million people in the EU [2]. Orphan drugs are those medicines used In the
dlagnosis, prevention or treatment of orphan diseases,

European legislation passed in 2000 explicitly recognized the unmet need of targeted treatments for orphan diseases and created regulatory pathways and Incentives for
manufacturers to develop orphan drugs [3]. This regulation Is widely perceived to have been a success. From April 2000, when the EU orphan drug regulation came Into
effect, until October 2010, 720 drugs had received orphan drug deslgnation from the European Hedicines Agency (EMA) [4]. OF those designated drugs, 63 had been
granted Marketing Authorisation {MA), although seme drugs had obtalnad orphan drug designation and MA for more than one indication (for example, imatinib received
Its tnitial MA for chronic myelold levkemia In 2001, and then further approvals for additional orphan indications at fater time polnts).

While orphan drug designation and MA are EU centralised procedures, declslons on pricing, relmbursement and funding for crphan medicines remain the responsibilities
of Member States, This has led to uneven access to orphan medidnes across Europe [5]. Increasingly, issues of orphan drug funding and access to medicines are
becoming the focus of discussion amongst health policy makers at a European, country and local lavel. Cencerns about the cost of orphan medidnas, at a per-patient
level and In aggregate, are delaying the acceptance and uptake of thase medicines [6). Policy makers and healthcare managars are concerned that, I left unmonitored,
the future growth in orphan drug cost will be prohibittve, and some have questioned whether the orphan drug regulation needs to ba revised [7,8].

Yet there 15 [Htle published evidence upon which fo assess the current or future budget Impact of orphan medicines In Europe. Those studles that have attempted fo
estimate budget impact are described below In chronciogical crder by the year of the budget impact estimate,

http://www.ojrd.com/content/6/1/62 1/17/2012




Orphanet Journal of Rare Diseases | Full text | Estimating the budget impact of orphan me... Page 2 of 6

An analysis conducted In 2004 on behalf of the Eurepean Commisslon predicted the future budget impact of orphan drugs based upon the ugtake of products that had
been tntroduced since the legislation was enacted In 2000 [9). The researchers mapped the prices and accessibllity of orphan drugs In Europe, using a range of data
sources. Results showed that orphan drugs (those with orphan drug designation} accounted for between 0.7 and 1.0% of pharmaceutical expenditure in 2004 In France
and Natherlands, and predicted thls would rise to behveen 6 - 8% by 2010. It Is noteworthy that this study was performed Tn 2004, when limited knowledge on the
trends of erphan drugs In Europe was avallable.

A research thesis compiled by a Dutch student used data from published literature and interviews to Investigate the cost of orphan drizgs in the Hetherlands. The study
estimated that the budget impact for orphan drugs relmbursed for use outside of hospital ("extramural’) accounted for 0.48% of the tatal Dutch drug expenditure In
2006 [10]. The author stated that extramural erphan drugs represented 68% of all orphan medidnes expenditure In the Netherlands, suggesting that the total budget
Impact of orphan medicines would have been approximately 0.75% of total pharmaceutical spend in 2006,

Orofino et al [11] performed a retrospective, cross-sectional study on 38 orphan drugs In France, Germany, Italy, Spain and the UK to determine the overall cost of
orphan drugs per country, compared to the total drugs spend In 2007, Published disease prevelance data was combined with IMS Health drug prices and manufacturer
information on recommended annwal dosage for alf licensed orphan medicines. The authors found that the average budget impact of orphan mediines accounted for
1.7% of the total drugs expenditure across the five countrles,

An analysls conducted by the Belglan Federal Centre for Healthcare {KCE) [12] calculated the budget impact of orphan drugs as a percentage of the total Belglan drug
budget in 2008, and then forecast the impact through 2013. By using three different scenarios reflecting different levels of growth In orphan drugs in the EU, the number
of drugs relmbursed In Belgium, and the average annual cost per patient, the authors estimated that orphan mediclnes accounted for £.9% of total pharmaceutical
expenditure in 2008, and predicted it to grow to approximately 4% In 2013,

The most recent estimate of orphan drug budget impact comes from Germany, where according to the ‘Arzneiverordnungsreport’ {Prescription drugs report), crphan
drugs accounted for 2,5% of Statutory Health Insurance spending on drugs In 2009 [13].

The aim of this study was to estimate the European budget Impact of orphan medicines as a percentage of total pharmaceutical expenditure, batween 2010 and 2020,
based upon 10 years of orphan drug experfence In Europe.

Methaods
For the purposes of this study Eurepe was defined as the Eurozone countries (AT, BE, CV, DE, EE, ES, FI, FR, GR, IE, IT, LU, MT, HE, PT, $K, $1) plus the UK. These

markets were considered to be more hemogenous In thelr approach to the provision of erphan medicines than the broader EU-27 countries, where large disparities in
access to orphan medicines have been observed [5].

The analysis anly incorporated the cost assoctated with medicines that have orphan drug designation, It did not accouat for drugs that are used to treal rare diseases
but which were licensed prior to the Introduction of the new legislation In 2000, nor those for which the manufacturers did not seek orphan drug status. This approach Is
in accordance with the previous studies in this area and reflects the primary concern of healthcare providers, which is the cost of new medidnes launched on the back of
tha 2000 orphan drug legislation [11,12].

A disease-based epidemiofogical modellng approach was utllised to predict the future budget impact of orphan drugs based upon historical trends and epldemiclogical
data. The primary unit of measurement It the model Is the orphan disease, rather than the orphan drug. For any given year In the model, the total cost of erphan drugs
is estimated according te the number of orphan diseases multiplied by the average orphan disease medicine cost.

Predicting the number of orphan diseases

For costing purposes in the model, an orphan disease was defined as a condition for which at least one orphan medicine is licensed; an orphan disease came into
existence In the mode! durlng the year In which the first medicine designated for that condition wias licensed, By uslng the orphan disease, rather than the orphan drug,
as the primary unit, the model better accounts for the fact that many new orphan drugs are Indicated for conditions in which an approved orphan drug Is already
available. The cost Impact of having multiple drugs avallable in one disease (such as In the treatment of pulmonary arterial hypertension) is accounted for In the model
by estimating the average penetration rate from diseases with beth single and multiple drugs,

For years 2001 to 2010, the number of orphan dlseases In existence In Europe was determined by reviewing the European Commission reglistry of orphan medicines with
marketing approval, and identifying the number of discrete Indlcations [4].

For years 2011 - 2020, the number of new orphan diseases was forecast based upon the following assumptions:

Orphan drug designations rate after 2010 will grow at 10% per annum behween 2011 and 2020, reflecting the average growth rate in designations between 2001 and
2010.

Proportion of drugs with novel Indications (as opposed to drugs being designated for conditions In which at least one ficensed orphan medicing Is already approved) was
assumed to be the same as for all orphan drug destgnations between 2000 and 2010 - 43% of designated drugs are for indications in which no other orphan drug Is yet

ficensed.

'Success rate’ (the proportion of designated orphan drugs that are given marketing approval) remalned constant at 10.9% of all designations - the level observed over
the last decade, Explanation for this seemingly low success rate Is pravided in the Discusslon section,

Lag time between designation and approval, Based upon an analysls of the Furopean Commission reglstry of orphan medicines approved for use in Europe batween 2000
and 2010, the average [ag tme bebween being granted orphan drug deslgnation and achleving marketing authorisation was 4 years, Drugs given orghan drug
designation before 2003 that had not received marketing approval by the end of 2010 were assumed to be unsuccessful in reaching the market.

Average annual orphan drug cost per orphan disease

The average crphan disease drug cost was estimated for each year of the lifecycle of an average orphan disease, starting from the year in which the first orphan
medicine was licensed for use In that indlcation. This reflects the fact that the cost of orphan medicines for an orphan disease will change over time: growing from the
year In which the first drug is launched, as more patients gain access to treatment, until the point that the first drug becomes geneslc, at which point the total cost of
orphan drug treatment in that disease falls.

The orphan drug cost for an average orphan disease was estimated based upon data on all curreatly licensed orphan medicines In Eurepe. The drug cost was estimated
for each existing orphan disease (for which a deslgnated orphan medicine was approved) and then an average was taken across all the diseases.

Individual disease drug costs were calculated uslng the following information:

s Annual erphan drug costs for each disease were calculated based on the information in the manufacturers Summary of Product Charactedstics (SPC). Drug dosages
reflected the average dose for an adult, unless the drug was specifically Indicated for use in children, The duratlon of treatment (chronic, long-term, short-term, cyciical
or eplsodic) was obtained from the SPC, Where treatment was adminlstered as an infected or infused drug, the nearest full via! size was used.

« Prevalence estimates from published data [14] and EMA regulatory filings were used to quantify the potential patient population for each dlsease for every country
Included In the analysis,

« Avallability of orphan medicines across the countrles included in the analysis was estimated based upon a survey of 10 Evropean countrles that found that, of patients
with diseases for which an orphan drug was llcensed, 63% on average had access to the mediclne [15). This estimate Is commengurate with reports that show that on
average only approximately two-thirds of licensed orphan medicines are available for patients to access across Europe [15-17]. The percentage of the total prevalent
patient population fikely to receive trealment in each year after the introduction of the first orphan medicine was estimated based upon historlca! sales data from a
sample of orphan drugs approved in Europe since 2001, Using estimated prevalence as the denominator, the average uptake rate was seen to be 22% of the prevalent
population in 2010, Tt should be noted that this factor is based upon the proportion of patients estimated to have the conditlon based upon prevalence estimates,
rather than those diagnosed individuals with clinically significant disease In whom treatment with an orphan drug would be indicated. Therefore the true 'uptake rate'
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amongst patients for whom treatment Is appropriate Is fikely to be much higher than this, However, there Is Insufficlent published data to estimate the smaller patient
population Indicated for each orphan treatment, and as such total prevalence data was used, with the consequence that the uptake rate figures appears artificially low,
Thls does not affect the valldity of the model, as the same prevalence-based denominator was used for both the retrospective analysls of historical data and the
forecast of future orphan cost growth,

To account for the effect of loss of Intellectual property and marketing excluslvity en orphan medicines, drug costs were assumed to fall in price by 25% from the 107
year after the Introduction of the first orphan medicine in a disease area. This Is the average reduction in price for medicines at the point of toss of patent observed
between 2000-2007 In the European Commisslon Pharmaceutical Sector Inquiry Report [18). The extent to which this Is analogous to the orphan drug market Is
explored In the Discusston section,

The year-on-year cost curve for the average orphan disease was mapped onte the forecast Incidence of new orghan diseases to predict the total budgat Impact at any
time point. For each year, this total cost was divided by the estimated total pharmaceutical expenditure of the Eurozone countrias plus UK that was obtatned from the
pharmaceutical Industry trade body [19]. Estimates of future tetal pharmaceutical market value (ex-factory) were made based upon the growth rates seen over the
previous 5 years.

Oneg-way sensitivity analysls was performed on a range of variables to establish how robust the budget impact estimates were to changes In key parameters and
assumptions.

Results
Predicted number of orphan diseases

Flgure 1 shows the cumulative number of ¢rphan diseases (defined In this study as a disease In which at feast one dasignated orphan drug Is licensed) observed between
2002 and 2010, and the forecast number of cumulative orphan diseases between 2011 and 2020.

il

The trend Is towards a steady Increase In the cumulative number of diseases for which an orphan drug Is designated, averaging just over 5 new diseases per year over
tha 20 years of the model. The rate of growth In diseases was more rapld between 2002 - 2010 than 2011 - 2014, reflecting the acceleration In orphan drug
designations betwseen 2001 and 2005 and the slowing growth of designations between 2006 - 2010 (the average lag between dasignations and approvals being
approximately 4 years}, From 2015 forth, the additional Increase In orphan diseases Is forecast In fine with a designation rate between 2010 -~ 2015 that is premised
upon deslgnations growing at the average rate over the period 2001 - 2010 (approximately 10% per year),

Figure 1. Cumulative orphan diseases: observad (2002 - 2018) and forecast (2011 - 2620).

sl B

Average cost per orphan disease per year

The annual per patient cost of existing orphan drugs was seen to vary behween €1,251 and €407,631, with the median cost being €32,242. When combined with the
expected drug penetration rate within the prevalent patlent populations, the average orphan disease drug cost across the Eurozone and UK was predicted to rise from €5
m In the year after the first orphan drug was approved, to €143 m in Year 10, before falling and steadying-off at approxlmately €110 m per year (Flgure 2}

.,.uullllmu

Elgure 2. Average annual drug cost per orphan dlsease over the lndicatlon Ilfecycle, for the Eurozone + UK.

Predicted budget impact of orphan drugs in Eurozone and UK

The ex-factory value of the total pharmaceutical market for the countries Included in this analysis was estimated to be €140 bn in 2010, based upon data from the
Eurcpean Federation of Pharmaceutical Industries and Associations (EFPIA) [19]. The growth of the total market over the next decade was estimated to follow the same
trend Identified by EFPIA over the last 5 years - annual growth of 6.6% [2¢]. Accordingly, the total pharmaceutical market In the Eurozone and UK Is expected to grow
to €265 bn by 2020, Despite recent price cutting by some European countries, the fundamental demearaphic trends In Europe are fikely to support cantinuing drug
market growth within this range [211.

According to the results of the model, the share of the total European pharmaceutical market represented by orphan drugs Is predicted to increase from 3.3% In 2010 to
a peak of 4.6% In 2016 before steadying-off at & level between 4% and 5% until 2020 {Figure 3). The fiattening of growth in the budget impact from 2016 onwards
does not mean that the total cost of orphan drugs Is expected to stop growing, but rather that the growth of erphan drug expenditure Is unlikely to be stgnificantly
greater than that of the total pharmaceutical market during this period.

Fiqure 3 Budget impact of orphan drugs as percentage of total pharmaceuhcal spend (2002 2020)

Within the total budget impact, 40% of the diseases for which orphan medicines were licensed were for oncologlcal and haematotogical conditions, yet these diseases
accounted for 57% of the total costs In 2010, Whila the average annual cost for oncology treatments was significantly lower than the average annual cost of non-
oncology treatments (£33,919 and €86, 145 respectively), the prevalence of these conditions is on average higher. For example, the prevalence for Gaucher's Disease Is
2 per 100,000 pepulation in contrast to a prevalence of 32 per 100,000 for B-cell chrontc lymphocytic leukemia,

Deterministic sensitivity analysis demonstrated that the forecast was not unduly sensitive to changes In any key parameter {Table 1). In all scenarios the peak-year
budget Impact fell within a range of 3% - 6.6%. Changes to the predicted rate of tota! pharmaceutical growth from 6.6% (average over last 5 years) to 3% (the lower
end of current industry analyst projections [21] saw the peak year budget impact Increasing to 5.9%. When the impact of generic entry was excluded from the analysis,
the peak-year budget fmpact increased to 5,1%. The greatest budget Impact estimate was associated with Increasing the strike-rate’ parameter {percentage of
deslgnated orphan drugs that go on to recelve marketing approval) to 20% - a rate that Is signlficantly higher than that observed In etther the EU or US since orphan
legisiation was introduced.

Table 1. Results from one-way sensitivity analysis on key model parameters.

Discussion

The findings from this analysis demonstrate how the budget Impact of orphan driegs In Eurape has grown steadily over the 10 years slnce the introduction of the orphan
drug regulation In 2000, driven primarily by the approval of new drugs for diseases in which no treatments were previously licensed, The budget Impact Is esttmated to
have grown from 0% tn 2000 to 3.3% by 2010, From 2010 to 2016 this growth is predicted to contlnue, however the rate of growth is likely to stow and wilf reach a
plateau of approximately 4.6% of total pharmaceutical market expenditure by 2016. Hawever, although the budget Impact, as a percentage of total pharmaceutical
expenditure, Is not expected to grow beyend 2016, the absolute expenditure on orphan medicines wili Increase year-on-year, but no faster than the growth In the
greater European pharmaceutical market.

http://www.ojrd.com/content/6/1/62 1/17/2012




Orphanet Journal of Rare Diseases | Full text | Estimating the budget impact of orphan me... Page 4 of 6

What explains the steadying growth of orphan medicine budget Impact over the next decade, forecast in this analysis? One factor Is the loss of marketing excluslvity and
patent protection for crphan drugs that were introduced shortly after the passing of leglslation in 2000. For example, majer orphan medicines such as Imatinib and
bosentan will both lose marketing exclusitvity and patent protection by 2015 {22,23].

A second factor Is the low 'success rate' for drugs that have been granted orphan designation. Over the first 10 years since the introduction of European orghan drug
legislatlon, the success rate for approvals per designation has averaged 10.9%. While deslgnation rates have grown steadily over this period, approvals of new
treatments have fluctuated, and in fact fallen from 13 per year In 2007 to 4 in 2010, as shown In Figure 4.

Figure 4, Orphan drug deslgnations and approvals In Europe (2000 - 2010)[4).

et

k:g}!!l!l}ﬂl‘l

A third reason for the steadying growth of orphan drug costs is the diminishing penetration rate of new drugs Into prevalent patient populations in the later years after a
drug Is first licensed. OF the whole prevalent population with an orphan dlsease, only a certain percentage will be diagnosed and be appropriate for treatment [24].
Those patients most In need of treatment wilt be dentified quickly, but the marginal uptake rate diminishes over time. Access Issues - related to pricing and
reimbursement restrictions - will also continue to constrain the patient uptake of new and existing orphan drugs. A patient access survey conducted by EURORDIS found
that some orphan drugs that have been avallable on the market for many years are still not becoming more widely available aver the course of ime [15]. Even
excluding the drop in costs associated with loss of marketing exclusivity, this slowing in uptake ln the latter part of the drug-disease lifecycle dampens the overall growth
in arphan drug expenditure.

Combined, these factors mean that the fast cost growth seen in the past decade Is unlikefy to continue in the ferthcoming one, with designations and approvals of new
diseases likely to be at a "replacement level’ that maintains growth in orphan expenditure at a trajectory that is simllar to that of the greater pharmaceutical market.

This analysis has sought to farecast future events - a process that Is Inherentfy subject to uncertainty, assumption and potential blas. The principal form of structural
uncertainty in the model comes from the decision to use orphan diseases as the primary unit of measurement rather than individual orphan drugs. By structuring the
model in this fashion, the cost associated with muitiple theraples for a single disease has been incorporated via the estimated 'penetration rate' of potential patients
receiving treatment In each disease. This rate was estimated from existing orphan diseases where both single and multiple drugs were available.

Parameter uncestalnty In the model reflects the nature of the data sources used, The European Commission register of orphan designations and approvals is a robust
source for identifying trends in these areas, yet data on prevalence In Individual diseases 15 relatively weak, and comparing drug prices across European markets
Introduces significant complexity. Ex-factory orphan drug prices were used In the model, but this may not reflect the true price pald, excluding as It doas discounts,
rebates and risk-sharing schemes.

Equally Impertantly, the potential price erosion when older arphan drugs lese their patents and marketing exclusivity Is difficult to accurately predict. Although there has
been Insufficlent time Lo assess this change for orphan medicines In Eurepe, In the US, where orphan legislation was introduced in 1983, the impact of foss of marketing
exclusivity appears to have resulted in slgnificant changes In price upon the introduction of gereric competitors. An analysis of a sample of 12 drugs that received
orphan drug approval In the US between 1990 and 2000 suggested that on loss of marketing exclusivity, generic prices were on average 50% lower than the origlnal
drug, with a range of price reductions from 14% to 95%. Adopling a 25% fall in price is therefore considered conservative.

In fight of the economic pressure on healthcare and social security budgets, there may also be uncertainty as to whether the pharmaceutical market growth rate will
contlnue to be sustained at the historic level of 6.6% per annum. However, more recent reports on the pharmaceutical Industry expect the market to grow 3% - 6%
annually through 2014 [21]. Based on the conservative estimate of a 3% annual growth in the total market, the orphan drug budget impact would be 5.9% in 2020
{Table 1).

The 'success rate' of obtalning marketing approval for drugs that have been granted orphan dasignation was also seen to be an important variable In sensitivity analysls.
Over the first 10 years since the introduction of the European orphan drug legisfation, the success rate for approvals per deslgnation has averaged 10.9%. This rate is
comparable with the 15.9% success rate observed in the US over tha 28 years since orphan legislation was introduced 1n 1983, This refatively low success rate reflects
the broader attrition rate seen In afl areas of pharmaceutical research and development (R&D) and is less an indication of fallure, than a reflection of the Importance of
orphan legislation R&D Incentives to drug manufacturers, Companies are Incentivised to reglster a treatment for orphan dreg designation even if the probabllity of
success s low (as Is often the case In drug research). Clinical trial data s not a prerequisite for orphan drug designation; pre-clinical evidence of effectivenass is
sufficlent. As manufaciurers became more aware of orphan drug R&D Incentives, more drugs are belng designated prior to proof-of-concept, with subsequently lower
likelihood of drugs succeading to marketing authorlsation,

The 'uptake rate' used In this analysis is also subject to uncertainty. The potentfal patient population for any cne disease - the denomlnator In the uptake rate - I
derived from published prevalence data, but such data only reflects the thecretical total population with the disease. It s therefore not a true reflection of the uptake
rate within the patlent population who are appropriate for treatment. For example, anagrelide Is Indicated for essential thrombocythemia, However, the European license
restricts Its use to a patient population who are Intolerant to the established first-line treatment with hydroxycarbamlde - a much smaller sub-population [25,26].
Stmilarty, in Gaucher's disease prevalence estimates indicate that 5000 patients should exist in a country such as Germany, yet as of 2010 only 250 (5%) patients were
receiving treatment with eazyme replacement therapy there, despite a product having been available since 1994 [24].

Despite this uncertainty, sensitivity analysis has shown the model to be robust to changes In key parameter values and there Is relatively little variation in the expected
budget impact ef orphan mediclnes over the next 10 years, with all results from sensttivity analysis falling belowr 6.6% of total pharmaceutical market sales.

In addition, the estimates from the model are supported by other related fiterature In this field. Figure 3 overlays the published estimates from other European
researchers on the results from the study discussed here, As can be seen, the historical estimates from the model (2001 - 2010) fit closely with those produced from
other sources. The future estimates of budget impact in this anafysis afso aligns well with the forecast for 2013 budget impact from the Belglan Federal Centre for
Healthcare, which alsc expected the total budget impact to be approximately 4% at that time. The only existing analysls that 1s incongruous with our findings was that
conducted on behalf of the European Commisston, which predicted that the crphan drug budget Impact would be between 6% and 8% by 2010, However this estimate
was made in 2004, based upon the small body of historical data that was available at that time.

Despite the similarity in findings, the analysis reported here differs in methodology from those studies reported previously. It is the first study to attempt to estimate the
budget impact for the reglon, rather than for specific markets, which Improves the relevance of the results for policy makers at a European level, but possibly at the
price of lower sensitivity to local variations in orphan medicine provision. It is also the first study to forecast forward over a decade, whereas previous studies have been
retrospective [10,11,13] or have forecast forward over relatively short perieds [9,12]. This more ambitious scope could create greater uncertainty in the analysis, but at
the same time there Is more retrospective data upon which this analysis Is based compared with earller studkies.

Given the importance of this topic, and the uncertsinties in this anslysis, further research Is required to inform orphan drug pollcy moving forward, As more data
becomes avallable on growth of orphan expenditure, future extrapolations vill have greater certainty and less variance, It will also be valuable to Invastigate the likely
cost of orphan drugs on a market-by-market basis, as despite the common assumptions used in this study, there are likely to be difference between countries, Further
investigation into the composition of orphan drug cost may also be valuable.

Conciusions
Despite the discussed limitations and the uncertalnty within some parameters, this forecast provides a useful insight Into the likely budget Impact of arphan diseases in
Europe In future years, and may ald healthcare policy makers when planning for the funding of such mediclaes, Although erphan drug regulation has led to 2n Increase

In the budget impact of erphan drugs, the cost, as a proportion of total pharmaceutical expenditure, [s fikely to plateau between 4% - 5%, Fears of unsustainabla cost
escalation should rot be used as ratlonale to review the orphan drug regulation,
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