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SHIFTING THE RISK IN PRICING AND
REIMBURSEMENT SCHEMES. A NEW MODEL OF
RISK-SHARING AGREEMENTS FOR INNOVATIVE
DRUGS

Stefano Capfiand Rosella Levagi

1. Introduction

The rapid increase in pharmaceutical expendituck the need to control the health care budget has
sparked renewed interest in pricing policies (@WaxR007).

Rising costs are a challenge to healthcare poliaikers because high prices put budgetary pressure on
governments who try to maintain access to drugshferpopulation at an affordable cdstor this reason,
most EU member states control the prices of reigdhle medicines.

The aim of these regulatory mechanisms is to fimaptimal trade-off between the need to incentivate
R&D, to protect consumers and to secure value fonew in the use of public funds. The market for
pharmaceuticals is not, for various reasons, a etithe market The demand side is characterized by
uncertainty on the effectiveness of the drug artabpis’ inability to translate their need for imped health
into the demand for a specific treatment. The agestationship between the patient and the physicia
means that that choice of the drug is largely etédito the latter, with a possible distortion led market.
The regulations and restrictions laid down by Gowant agencies in this sector are themselves aesofir
distortion. Pharmaceutical price regulation methimdaon-US markets are heterogeneous and inclade, f
example, direct price regulation through a negatmaprocess (e.g. France and Italy) and indirecatepr
regulation through limits on reimbursement undasiaansurance programmes (e.g. Germany and Japan)
(Danzon and Chao, 2000b; Capri and Levaggi, 200Q7 2

One of the most innovative methods applied in pgcschemes is represented by the risk-sharing
agreements. Risk sharing occurs when the riskdvasqin this case the cost of a particular drugraipy)
are shifted from one stakeholder to another, frobengovernment to the industry and vice versa, deioto
alleviate some of the concerns about uncertairttgrd are two types of risk sharing: performancetasd
financial-based contracts. Performance-based adstfacus on the efficacy of the product, wheresis-r

sharing financial-based agreements involve cospaeent.
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Such risk-sharing arrangements for pharmaceuticats be used to report high quality when product
quality is not fully observable. While there may difficulties in devising such schemes for evergdurct,
risk-sharing agreements may become an essentiatéeaf the market in the future (Cook et al, 2008)

The aim of this paper is to study the effects sk+sharing in markets for highly targeted new drugs
this environment we can assume that ex ante thenent is always appropriate and that the effectss of

the drug does not depend on the number of patietts treated.

2. Risk-sharing concepts

In the listing process the industry has an inteiregthowing that the drug is very effective in arde
increase its probability of being listed and, pblysito obtain a high price. The number of patidmse a
countervailing effect on expected profits sinceytneduce the probability of being listed, but thegrease
profits if the outcome of the listing process isitive.

Once the drug has been introduced, almost all adgyl systems require greater effort in the post-
marketing monitoring of drugs, not only from a gurmedical perspective (DePouvourville, 2006). Rubl
authorities, in fact, schedule procedures to coti drug for possible side effects. However, anligw of
them verify the real ex post value for money of dneg. In particular, only a few regulators impastorm
of penalty if the effectiveness falls short of thexlared efficacy and/or the volume is greater thhat was
agreed.

This failure to verify efficacy and volume ex paseates perverse effects on the regulatory sysim.
industry, in fact, has an interest in overestingtime efficacy and underestimating the number opjeethat
will benefit from the drug in the listing proceggyen that both parameters will not be controllgdtibe
regulator ex post.

In general, it is very difficult and costly to vBrithe discrepancy between efficacy and effectigané&or
very costly and targeted drugs such as cancer drigypossible to verify their effectiveness exspd his is
because the number of patients is limited and djreantrolled. In Italy, for instance, a specifagistry for
expensive cancer drugs has been created and fersfoiimese drugs the risk-sharing scheme is appliée
patient is registered in the website and treatnenhitially paid by the Italian NHS. If treatmenfails
(progressive disease or unacceptable toxicity avedore the agreed time), the pharmaceutical coynpan
reimburses (money or corresponding amount of dthg)whole delivered treatment or 50% of it. An
example for the UK is Janssen-Cilag's Velcade @zornib, see NICE, 2007) in which patients who
demonstrate a 50% response rate at first relajseligible to continue treatment on the NHS, otheewhe
manufacturer refunds the NHS.

On the theoretical side, a new strand of literatsrdeveloping to study risk-sharing. Zaric and 1B
(2005) study the effects of rebates in the pricimechanism when the quantity sold exceeds the ra¢gadti
quantity. As for the effectiveness of the drug, Bar(2010) studies the welfare properties of speadsk-
sharing mechanisms while Zaric and Xie (2009) examiwo different risk-sharing agreements in an

intertemporal setting. In their model the compapplis for listing, proposes a price and sets &ketany

2



Liuc Papers n. 234, Serie Economia e Impresa Ggidi2010

strategy to sell the drug. The efficacy of thedatt a random variable and a penalty is imposetheriirm
if the ex post efficacy (the effectiveness) fallsldw a specific threshold. The penalty may consist
delisting in the second period or in a rebate. didors show that depending on the environmentpottiee
other instruments perform better both from the siduand the purchaser point of view.

In this paper we propose a very general modellragnéwork that allows study of the risk-sharing
properties of several pricing schemes, their effest the number of patients treated and on thectsghe
profit of the company selling the drug. Our framekvallows for differentiation between risk-shariagd
risk-shifting schemes and has important policy iogilons: the number of patients that are treasedoit
necessarily affected by risk-sharing/risk-shiftungless the listing procedure itself is changed;phee for
which the drug is listed may be higher than withiosk-sharing, but the expected profit of the irndyss: a)
always lower for risk-shifting schemes; b) for tnagk-sharing it depends on the bargaining powethef
company.

The article will be organised as follows: in théldaing section we present the model, in section ;
section and we present our pricing scheme withvaitfibut risk-sharing respectively; in section wensh
how our pricing mechanism can be used to reprasest of the systems used by regulators; in seet®n
show the difference between a risk-sharing andlaghifting scheme and argue why a company maly stil

prefer to be listed with risk-shifting. Finally section the main conclusions of our paper are drawn

3. Themod€

In the market we analyse, patients are treatedyusidrug that is currently listed and has the fuihgy
characteristics:
» the drug is relatively new; data on the theoretaffitacy are available, the results concerning ex

post effectiveness are not known;

« the effectivenesE’ of the drug lies within a range of valuég’ L) with a known uniform

L.
probability so that the expected effectiven&ds® is equal to2’
» the listed price of this drug i?o while the quantity that maximises expected prafiequal to

X" Asa consequence, the expected budg@toig X,
» the regulatory process by which the drug has bpproaed and listed is the same as the one that
will be used for the new product.
A new drug is about to be marketed to treat theesemndition. Its effectiveness lies within a range of
values @A) with a known probability distributiond(E) with GO =0G(A =1 14 gimplify the

(E)=1/A

exposition, we assume that the distribution of thrgction is uniform, i.e9 so that the expected

A
effectivenessED is equal to2* The marginal cosf to produce the drug is approximated to zero, beit t

firm has to incur a fixed codt for research into the drug and marketing.
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The outcome of the listing process (i.e. the appdagprice, the level of reimbursement, the limitagipis
uncertain and depends on the efficady (), the price (p ) and the number of patients to be treat&d)(

The expected effectivenes&D ) is derived from the randomised clinical trigtg ffirm has to carry out
before the drug is approved. To simplify matters, agsume that one unit of the drug is sufficientre¢at

one patient so that the number of doses and théewuaf patients are equivalent.

The pricep and the number of patients to be treatedare usually the result of a bargaining between the
company and the regulator where the price and tlaatqy may be decided by the firm, by the regulato
by the market depending on the regulatory framew@#pri and Levaggi, 2007; Jelovac, 2003; Claxton,
2007).

In this bargaining process the regulator takes @ucof the budget that is necessary to treat piatiand

the value for money of the drug. At the listinggetahe latter can observe the expected effectigehEs )

which can be verified by both parties through thguits of the randomised clinical trials. Howe\tbe true

effectiveness(E * the ex-post efficacy) is not known when the piikeet. Such uncertainty depends on
several elements such as the role of complianeentkractions with other drugs when patients rsexeeral
pathologies and the appropriateness of physic@escription behaviour. The firm may have more igec
information on the likely effectiveness of the drbgcause it has access to more information than the
minimum required by the regulatory process. Inmajer we show that the risk of effectiveness fglBhort
of expected efficacy can be partly shifted ontodbepany that applies for listing.
We formalise the listing process by assuming thefarice of the drug depends on three parameters:
« @ which reflects cost effectiveness consideratittngay be interpreted as society's willingness
to pay in a class of specific treatments and et by the regulator. We assume that it is set

outside the model.

« D which is the efficacy of the drug that is declarfegl the company for reimbursement

purposes; it must lie in the rangeo(A ) but it may not necessarily be equal to expected

effectiveness,A/2 . This is because the firm may be more or lessnigtic about the success of
the drug in treating patients outside the randodhidimical trial;

z

. ' a rebate on the price if the ex post effectiver{eEs ) is lower thanD

. Z represents the
risk-sharing element of our formula.

The pricing rule can be written as:

p= aD—zajOD(D—E)%dE

(1)

X is the number of patients that will be treated. #&¢sume that this number is contractible and can be

verified.
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If the effectiveness falls short of what is deatarthe firm will have to pay a rebate proportiot@lthe

difference between the declared efficacy and tftm:meness(D ~E), but other schemes are compatible
with our risk-sharing formula as we will show later

The company applies for the drug to be reimbursethé regulator. The latter may or may not decide t

grant reimbursement; this decision depend$oand on the budgeﬁé = PXthat is necessary to take care of
the possible benefiter X ) of the new drug. Both variables are measure®lation to the market in which

the new drug is introduced.

D B o
In particular, we assume that the probability ahiggeimbursed can be defined @D" 5) whereD

and®’ is the efficacy of the drug and the budget spenttie active principle that is currently usedreat

patients with the same condition. As in Zaric ar@ri@n (2005), the function is assumed to be sdpar@nd

additive in©° and B . The probability of being listed is increasing® and decreasing i .
This function is common knowledge to the actorghi@ decision process, i.e. the company knows the

parameters of this function before settiRy. Given that during the negotiation process neifaety knows

o_—
the true effectiveness, the budget that the regutleges in the decision to list the drugqs_ ab.

The expected profit from listing can be written as:

EMN = 77(ED; px)(p—c)x—F 2)

The company aims to maximise its expected profittardo so it has to choose the level of efficargl)(

and the number of patients{() that maximises the following function:

Max, ,ET = (q( [[))oj_”{ gDXXD(aD -za[ (D- E)%\dij— F
3)

In order to show the differences in terms of prrel expected profits between our model and a more
conventional listing process, we now show how theiqy mechanism would be in our model if there ever

no risk-sharing.

4. The pricing mechanism without risk-sharing

In this section we compare the results of our medti a system where there is no risk-sharing.him t

absence of any other information, the pricing red¢ by the regulator will depend on expected effica
(ED=4) |
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A
NR = 4 2

P 2 (4)

A
If listed, the industry receives a price equapté’ independently ofE , the effectiveness verified ex
post. The idea behind this pricing mechanism i¢ ithhdhe short run the industry has a limited baiga
power in setting the price of the drug that it i®at to market. The price is in fact determined®byand by

the expected efficacy resulting from the randomidadcal trials which the industry has to perform.

The only discretionary variable for the compan)?(isthe number of patients, which will be determined

through the maximisation of its expected profit:

A
Max EM = nl(A—/zj—ﬂz 95X aéx—F
L/2 p°x° 2

As in Zaric and O'Brien (2005) we assume that tlegmal probability of being listed is linear; the

()

F.O.C. can be written as:

1 ah? n,axL — m, p°x°

2 Lp°x° (6)

The optimal solution foX can be written as:

L

& @)

XO
X' ==
2

The price of the new drug is outside the contralhef industry in the listing process, unless trdusgtry

can influence the value of\/2 through the randomised clinical trial. The numbérpatients that the

industry will target for the new drug may be greatesmaller than for the drug already listed. it depend

74

on the parameters of the probability of listing bgtthe regulator.FZ is in fact the ratio of the marginal
effect on the probability of being listed derivirgm an increase in the effectiveness and in tiugeu

This ratio may be controlled by the regulator. Eaample, if the latter wants the same number of

patients treated with the old and the new er?E;D(: X? ), it will have to put greater weight on the effiy
compared to the buddeTo some extent, this may not be a perverse efflectgulation given that the new
drugs are more effective, but also more targeted oestricted number of patients (Pirmohamed awid e
2004; Danzon and Towse, 2002).

Substituting equation (4) into (5) we can write éxpected profit as:
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ENM=="2
8L

(8)

The profit is increasing i and in the efficacy of the new drug, as may beeetea.

5. The pricing mechanism with risk-sharing

In this section we introduce our proposed risk-stgaformula. The price will be set according to
equation () and the probability of listing dependsdeclared efficacy and the maximum budget.

The company chooses the level of efficacy and thmber of patients that maximises the following
function:

Max, ,EM = (nl( [[))oj - 712( ZDXXD(aD ~2a[ (D - E)%dij— F

st

D<A )

If the marginal probability of being listed is limeas in the previous example, the optimal levelfo

and X can be written a%:

D=4 A 54
3z
D=z A if z<=
W= Xm
2 1,

(10)

In this model where the efficacy of the drugs bgiog to the same therapeutical class is rewardéiein

same way,DD does not depend on the threshold set by the regul& ) but on the rebate it will have to

pay if the effectiveness falls short of the dedaedficacy. 9 is an important element in determining the

O
profit of the firm, but it does not distort the ¢bes of the company as regar@s- It interesting to note that

4
223,

unless the company will always apply using the maximursgible level of efficac;ﬂA)' This result

is driven by the fact that by increasirliéD the expected profit increases (listing is mordaie) even if the
risk of paying a fine is higher.
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By comparing equation (7) with equation (10) we saa that the number of patients which the company
is applying to treat is the same, i.e. our riskrsttaformula does not alter the decisions of thengany as
regards the number of patients for whom it is agjtbe new treatment will be made available if tiste

Through substitution of the optimal quantitieshe profit function we can determine the expecteditpr

2
iai °—'2A‘ -F if zzﬂ
27 m, z°D° 3
2
Eai p°i(1—lzj—Fif z<ﬂ
4 m L 2 3

(11)

As in the previous case, the profit is increasm@i In this case it is also decreasingz'rn as might be

expected.

6. Other risk-sharing mechanisms

The agreement presented in the previous sectiosages a rebate proportional to the difference éetw
declared efficacy and effectiveness. In everydayliegtion of risk-sharing, other mechanisms areroft
used. Some cancer drugs are reimbursed to the conopey if they are effective by different combirat
of schemes: e.g. in Italy nilotinib and sorafenib aot reimbursed after the second cycle of therafye
patient does not respond to the first cycle; awanstfully reimbursed only for respondent patieatter 15
cycles; sprycell is reimbursed at 50% of the piidbere is a progression of the disease aftefitbecycle.
In this case a threshold for reimbursement is éefim relation to the level of declared efficaay.dther

words, the agreement between the pharmaceuticgdamyrand the regulator takes this form:

p=aD if E=sD
p=0 if E<sD

where 05S<1isa parameter set by the regulatory authority. $51 the company is reimbursed only
if the ex post effectiveness is at least equahéodeclared efficacy; for values smaller than ¢ime company
has more room for manoeuvre.

This risk-sharing mechanism is similar to the ongppsed by Barros (2010). In this case the profit f

the company can be written as:

Max, EM = (q[ goj - n{ ZDXXD[aD :;%dij— F

st
D<A

(12)
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As in the previous examples, if the marginal pralitttof being listed is linear, the optimal levir D

and X can be written a¥*

DD:géif s>g
3s 3

D= A if s<?
3

=

{e]
XD:X_ 1
2

2 (13)

N

The quantity for which the company requests listtthe same as in the no risk-sharing case. éncidse
our model does not predict an increase in the nuwibeases treated, a possible problem that B&2@k0)
points out for risk- sharing agreements. The d#ifee in the results of the two models is explaimgdhe
presence in our approach of a listing process ialsbe case in which the drug is reimbursed onli i§
effective. Such result has important policy implicas: risk-sharing does not necessarily mean rniare
patients will be treated, unless the listing preaeschanged. In our example the rules for beistgdi do not
change: the probability of being listed still degsron the effectiveness of the drug and the buageétin
this case the number of patients that will be &@as independent of the pricing mechanism.

Instead of paying for the effective therapies, tbgulator may envisage a rebate if effectivenels fa

below a specific level. In this case the compamyaisl a pricep =ab, but it will have to pay a fixed rebate

kaD it the effectiveness falls short of a specificetsiold SD-

In other words, the agreement between the pharrtisakcompany and the regulator takes this form:

p=aD if E>sD
p=@-k)ab if E<sD (14)

where 0< k< 1lis a parameter set by the regulator authoFioy. k =1 the payback is equal to the
price paid to the company the price is equivalerthe one we have described in the previous
section.This risksharing mechanism is similar to the one proposedaric et al. (2009). In this
case the profit for the company can be written as:

Max;, ,ElN = (m( [[))oj‘ﬂz( g[Z(XD(UD —kaDED%\dij— F

st
D<A

(15)
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As in the previous examples, if the marginal pralitsitof being listed is linear, the optimal levielr D

and X can be written as:

D" = 2A if ks>2
3 ks 3

D= A if ks<E
3

XD

:||s|

X_

2 (16)
The parameterg and < play a similar role in this model. From a poliayint of view this means that the

regulator may choose the payback level and theshbtd independently, but it is the combination ledste

two parameters that determine the choice of thesimyl.

Through substitution of the optimal quantitieshie profit function we can determine the expecteditor

2
1 ZA; oaip°—F if kszZ
27k°s’D° 1, 3

2
Lo oA (1-k9)-F if ks< 2
4 m L 3 (17)

This formula represents the profit both for theecaswhich only the effective therapies are paid(fo

k=1)

which case and the more general case of a rebate. As inrthéqus case, the profit is increasing in

a. In this case it is also decreasinglﬁﬁ as might be expected. From a policy point of vieis interesting

=z
to note that ika_ 2 the two systems are equivalent, i.e. the industes the same price and has the same
profit.

For this reason, below we study the effects of-siséring only with reference to the first modelgwsed.

7. Policy implications

In this session we try to answer the following diogs who are the gainers and the losers of a risk-
sharing mechanism?

From a purely economic point of view, one of thesmionportant arguments for not introducing risk-
sharing mechanisms is that they may increase tbe pf the drugs, hence public expenditure. Thepzom
on the other hand may feel that the system is dejmg expected profit. In our model, given the agsion
of no marginal production costs as regards the,dne can simply compare the expected profit of the

company under the two arrangements. In fact, gitienassumption of zero marginal costs to produee th

10
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drug, public expenditure and expected profit difecause oF’ hence the comparison can be made simply
for the profits.

In the model presented here there is no effechenarget number of patients which is the same ruhee
two systems, provided that the listing processhie same for drugs with and without risk-sharing

agreements. As for the profit, it is necessaryaimgare equation (11) with equation (8).

In appendix 2 we show that independently of thellehosen forZ (i.e. z< 4/3 and z > 4/3) ), the profit
for the company is always lower under a risk-sttpegreement.

This allows us to conclude that a risk-sharing raetdm like the one we have proposed is always
preferred by the regulator. In fact, the numbepatients that are going to be treated is the shotehe ex
post price (net of the rebate) is lower than iysteam where the expected effectiveness is reimburse

This means that from an economic point of view sacgdtheme should not be defined risk-sharing but

risk-shifting (Towse and Garrison, 2010). The compa fact agrees to receive an expected profit iha

lower than without this scheme. For a true riskdagigamechanism, the cost per QALY thresho%? (should

be set higher in the risk-sharing mechanism. lagtlsthis value?r In particular, it can be shown that for

=32 . . . . .
a0, =80Z ihe company is indifferent between the two agredmeThis equation shows two interesting

facts: the first is thaft @ as expected; the second is tHatis increasing it i.e. the higher the penalty,
the higher the price under a risk-sharing scheme.

This result has important policy implications; feery expensive drugs whefi is the maximum value
that society is willing to pay for QALY", the agreements currently proposed are in faktstifting
practices. The company, confronted with an all @himg offer, prefers to reduce its expected prafainst
the alternative of not being listed and it is foistreason that it accepts the agreements. Sonstexpgue
that risk-sharing is second option for the pharmtcal industry: if the normal process fails becatise
drug is too costly, the company enters a risk-sigaaigreement. Our model adds one important eletoent
this discussion: entering such a risk-shifting agrent is equivalent to accepting a reduction inpihee of
the new drug. The company may prefer this solutiorseveral reasons:

the price will be based on a declared efficacy Whitay be higher than the expected value. In the sho
run this declaration may be used as a messageysicigns and competitors on the confidence the emyp
has in the healing properties of the new drug;

the company may have acquired new evidence onfthetigeness of the new drug or how to better
target the patients and it may prefer to risk pgyrpenalty than receive a lower price.

When the threshold is not the maximum willingness to pay, a true #8laring mechanism may arise.
In this case the company will ask to be reimbueteal higher rate thafl and effects on the expected profit
depend on the bargaining ability of the companythiis case, part of the risk is in fact shiftedniréhe
regulator to the industry as regards the effecegerof the new drug a cost that is representedeontrease

in the expected profit.

11
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8. Conclusions

In this paper we propose a pricing mechanism tadsel both for risk sharing and risk shifting pugss
based on the effectiveness of the new drug.

Our model shows the basic difference between hskisg and risk-shifting. The first mechanism may b
used by a regulator that wishes to reduce uncéytaoncerning the ex post cost effectiveness ofditug.
The second mechanism is instead used to reducexyhexted price of the drug and is compatible with
situations where the drug is very costly and iteeaiveness highly uncertain. In this framework the
company may have an interest in accepting a remtuatiits profit through a risk-sharing mechanisrstéad
of through a straight price reduction. In this wiagnay have advantages in terms of market sigrgahibout
the confidence the company has in the effectiveaktise new drug. Furthermore, the company maybbe a
to use new evidence on the true effectiveness eftrgatment to target the patients, hence improtlieg
expected effectiveness.

The price at which the new drug is listed is alwhigher than in a system without risk sharing, tet
expected profit is lower unless the efficacy isnteursed at an higher rate. This consideration maslitant
policy implications: in the presence of risk shgrthe listing price is not a good proxy for valae fnoney.

It is only ex post, when the true effectivenesd bél known that value for money can be evaluated. fisk-
sharing agreement in fact it is necessary to tal@mumnt of the rebates that the firm may incur i th
effectiveness falls short of what promised.

At the time of listing, the expected profit of tfiem is a better proxy for value for money becaiigakes
account of these rebates.

Our formula creates incentives for the companytgdt the number of people that will be treatetkeims
of increasing it like the risk-sharing mechanisrmogmsed by NICE in 2007 for bortezomib (Barros 2010)

The reason for this different result can be exgdias follows: in our approach we use the proliglwfi
listing of the new drug and risk sharing on the@nvhile NICE substitutes the listing process vifité risk
sharing agreement on the price. Our model showsriglasharing is not a substitute for total expame
considerations; on the contrary the two instrumehtaild be used together.

The framework we use highlights the effects of lisBng process on the number of patients that the
company propose to treat in the long run. Our mstelvs in fact that the number of patients the ayp
proposes to treat depends on the relative weigtitishgiven in the decision process to the efficang to
budget considerations. This means that all thenpatiers of the pricing formula have to be carefaligessed
to avoid perverse effects (Claxton et al. 2008): this reason, this note represents just a firgp s

studying new ways of defining prices for drugs iregulated market.

12
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Appendix 1: Theoptimal D* and x*

The maximisation problem can be written as:

Max, EM = (M(Rj - 772( abx D(GD -za | (D- E)%dij— F

DO pO XO

st
D<A

We can take account of the constraint using Khuck@&uconditions:

If the marginal probability of being listed is liae the F.O.C. can be written as:

1an(zT1 p° - nzx)—4A_3ZD =0
2 D°p°A
laDz(ZA— ZD)M =0
2 D°p°A

Let's assume that the constraint is not binding @bove equations can be solved as a system af line

equations. The non-negative solutions are theviatig couples:

[x=x2D=22}(x=52:D=14)

The first solution is not feasible, only the secoad be considered. However this solution is vaifity if
4
z> 3

z<

4
For 3 the constraint is binding and the problem can btem as:

Max EI = (ﬂi(éj - nz( anx D(GA— za{'(D- E)%dij— F

L al.x°
The FOC can be written as:

1

_AZ(Z_Z)mTlp°—2n2x _
2

Lp°

0

= x
X_Z

EE

which implies
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Appendix 2: Profit under the two pricing mechanisms
Given that there are two solutions for risk-shariwg have to compare two different cases
a)z>4/3

In this case the difference in the profit can batem as:

1 A 4P _E_ 4 A2 p°
b AL -F-4m i ab+F

722D°

o:A
3

N

Given that D

the equation above can be written as:

which is equal toO for Z=8/9 For values above this threshold, the equatiomegative, for values

below it is positive. Since the equation for thefiwith risk-sharing is valid only ifZ > 413 the difference

is always negative.
b) Z<4/3
In this case the difference in the profit can bétem as:
bEEaE-F i fall-12)5+F
which can be written as

1_141 A g P
(§ 4+82)772-I.2Larr2

This expression is equal to zerozi=1 which, however implies no risksharing. Forz <1 it is negative,

but has no economic meaning.
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Notes

! Institute of Economics, Cattaneo-LIUC UniversiBprso Matteotti, 22, 21053 Castellanza (VA) Italynail:
scapri@liuc.it

2 Department of Economics, University of Bresciaa Bian Faustino 74b, 25100 Brescia (ltaly), e-mail:
levaggi@eco.unibs.it

%n Europe, about 75% of pharmaceutical expenditireimbursed from public funds (OECD, 2009)

“*See Zweifel, Breyer and Kifmann (2009) chap.12 @agri and Levaggi (2007)
°See Barigozzi and Levaggi (2008) and referencesithe

®See http://antineoplastici.agenziafarmaco.it/

7. 0m(ED; px) 9%77(ED; px) 977(ED; px) 0%71(ED; pX)
.. —%ep >0 andTS 0 anda—px <0 andTZ 0

8.e. if 7T (the marginal probabilitef beinglisted directly correlated with the efficacy) wsite g (the probabilityof
beinglisted inversely correlated with the budget)

°See appendix one

Y%See appendix one

YEor instance, in the UK, NICE (National Institute Health and Clinical Excellence) has fixed theximaim cost for
a QALY (quality-adjusted life year) gained £ 30,000
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