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Abstract

Objectives The market for innovative drugs is characterized by high levels of regulation, whose 
impact on the market is not neutral. On the one hand, strict regulation may in fact adversely affect 
incentives to develop new and better products; on the other hand, high prices may drive an un-
sustainable increase in healthcare costs. This trade-off is particularly important in Europe, where 
about 75% of drugs costs are financed by the public sector. 
Methods We develop a simple model that allows to compare the impact of different listing and 
pricing strategies on the social value of innovative drugs, the consumer surplus and the expected 
profit of the industry.
Key findings Uncertainty in the expected price, as well as other forms of access regulation, may 
lead to a fairer division of the social value between patients and the industry, at the cost of leaving 
some of the potential value of the drug unexploited.
Conclusions The regulator may improve value for money if it is prepared either to restrict access to 
the drug or to reduce the expected price. In both cases, the number of groups of patients treated 
may be different from the social optimum.
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Introduction 

The market for innovative drugs is characterized by high levels of 
regulation, independently from the choices made to finance health 
care. Even in the USA, where drug prices are largely unregulated, 
strict rules for listing as well as forms of bargaining exist between in-
surance companies or Health Maintenance Organizations and the in-
dustry over price and volume. In Europe, where health care is mostly 
financed by public providers, the price dynamics has put budgetary 
pressure on Governments that are responding with more stringent 
price regulations.[1–3] Bargaining processes between the industry 
and the regulator are being replaced by more transparent mechan-
isms, such as reference pricing,[4] cost effectiveness thresholds,[5–8] 
value-based schemes, risk sharing agreements[9–14] and indication 
value-based prices[15] whose welfare effects are still under scrutiny.

The use of regulation is controversial (for a review see 
Wettermark et  al.)[16] Opponents argue that strict regulation may 
adversely affect incentives to develop new and better products, be-
cause it may prevent adequate returns for the massive investments 
to develop new drugs.[17] This argument may explain the fluctuations 
in the number of new molecular entities (NMEs) which have been 
approved for market entry by the Food and Drug Administration 
(FDA) in the USA. The number has declined from 53 in 1996 to 
only 26 in 2010,[18] with a significant increase in the past few years. 
In fact, in 2020, the number is the same as in 1996, and 21 of these 
new molecules are first-in-class.[19] The other interesting trend is that 
treatments are more and more personalized: according to the study 
of Schork[20] more than 20% of NME’s approved by the FDA can be 
considered personalized medicine.
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The theoretical literature[21–23] shows the existence of a trade-off 
between the social value of the drug (defined as the sum of the net 
benefits derived by patients using the drug and the profit accruing to 
the firm) that can be exploited and its division between consumers 
and the industry. Uncertainty in the listing process as well as other 
forms of price regulation may lead to a fairer division of the social 
value between patients and the industry, but at the cost of leaving 
some of the potential value of the drug unexploited.[21–26] In this art-
icle, we build from this intuition to compare the performances of 
different pricing schemes in a context where also the effectiveness of 
the drug is uncertain. Our model shows the existence of a trade-off 
between price and social value. The asymmetry of information that 
characterizes the relationship between the regulator and the industry 
means that the latter can exploit patients willingness to pay at its 
own advantage. The regulator may reduce this power only if it is pre-
pared either to restrict access to the drug or to reduce the expected 
price. In both cases, the number of patients treated may be different 
from that of the efficient solution.

Methods

We consider a society where drugs are supplied for free to patients. 
A number of individuals, normalized to one is the target of patients 
for a new drug that is about to be commercialized. Its effectiveness 
among individuals may vary for two different reasons: observable 
and unobservable patients characteristics. The first element captures 
the observation that drugs may vary their expected effectiveness 
across patients groups, either because of some observable patients 
characteristics as in Coyle et al.[7] or because of the indication for 
which the drug is used[27] (see also Sculpher[28] for a review). The 
second element captures the evidence that effectiveness may differ 
within the same group of patients because of unobservable patients 
characteristics (adverse reactions, addition to the active principle). 
Similarly to Hlavka et  al.[29] and Persson et  al.[30], we assume that 
patients groups can be rank-ordered according to their in-group ex-
pected effectiveness. We assume that individuals are uniformly dis-
tributed among groups and that for each group x ∈ [0, 1], the 
probability that the treatment is effective is (1 − x), while effective-
ness is uniformly distributed in [0, A]. Under these hypotheses, the 

expected effectiveness of the drug for patients in group x is (1− x)A2 , 
and the expected effectiveness of treating patients up to group n is ´ n
0 (1− x)A2 dx = A

2 n
(
1− n

2

)
. 

Health gains are valuable for the community because they con-
tribute to increase human and social capital. The parameter λ de-
fines the value of each unit of health care and measures its money 
equivalent gain; it also represents the maximum willingness to pay 
for a unit of health care. Given the above assumptions, the expected 
benefit of treating n groups can be written in terms of its money 
equivalent gain as:

E(B) = λ

ˆ n

0
(1− x)

A
2
dx = λ

A
2
n
(
1− n

2

)
. (1)

E(B) is the maximum expected willingness to pay of the community 
for the new drug: any value above this threshold would in fact imply 
a level of expenditure higher than the value of the restored health.

Total expenditure for supplying the drug to n groups is equal to 
pn if p is the price of the drug. Thus, the expected consumer surplus 
E(CS) is:

E(CS) = λ
A
2
n
(
1− n

2

)
− pn (2)

That is, it is the difference between the money equivalent utility ac-
cruing to society and the expenditure (net monetary benefit).

The drug is produced by a profit maximizing firm at unit cost c. 
Profit can be written as:

Π = ( p − c) n. (3)

The social value of the drug, defined as the sum of the consumer sur-
plus and the profit, is therefore:

E(SV) = E(CS) + Π = E(B) − cn = λ
A
2
n

(
1 − n

2

)
− cn.

 (4)

Results

In an ideal world where information is complete, a benevolent regu-
lator would set an ‘equitable’ price by sharing the benefit deriving 
from the new drug between the industry and the consumers. As done 
in classical regulatory problems,[31] the regulator maximizes ex-
pected welfare, defined as a function of consumer surplus and profit:

E(W) = g(E(CS)) + f (Π)

where g  and f  are two concave, twice differentiable functions. For 
the sake of simplicity, let us assume the following log-linear form for 
the welfare:

E(W) = αln
Å
λ
A
2
n
(
1 − n

2

)
− pn

ã
+ (1− α)ln (( p− c) n)

where α is the relative weight that the regulator assigns to consumer 

surplus. Under the assumption c < λA
2 , the maximization of the 

above function (see Supplementary Appendix A for more details) 
yields the following internal solution in terms of the optimal price 
and number of groups to treat: 

nFB = 1 − c

λA
2

, (5)

pFB = c + (1 − α)

Å
λA
4

− c
2

ã
. (6)

For α = 1, the regulator considers only the consumer surplus and 
sets the price to its minimal value, i.e. p = c. For α = 0, the 

regulator maximizes the industry profit and the price is equal to the 

maximal value p = λA
4 + c

2. If the regulator is equally concerned 

about the two, i.e. α = 1
2, the price will be equal to the average of 

p and p, i.e. 12
(
λA
4 + 3

2c
)
. It is interesting to note that the number 

of groups to be treated with the new drug is independent of α, the 
parameter that defines the relative weight of consumers surplus and 
profit. In fact, the optimal number of patients is set so that the mar-
ginal benefit of treating the ‘last patient group’ equals the marginal 
cost c. As c tends to zero, nFB tends to 1 and the expected benefit of 
the drug can be fully exploited.

The expected social value of the drug is equal to:

E(SV)FB =
1
λA

Å
λA
2

− c
ã2

.

Since the first best (FB) solution provides the efficient solution in 
terms of patients treated, the above scheme will be used to evaluate 
the welfare properties of the other pricing schemes we are going to 
examine. The need to propose alternative mechanisms arises from 
the consideration that this solution may not be attainable because 
of uncertainty and asymmetry of information.[29] Without a form of 
regulation, the industry could be able to exploit consumers’ will-
ingness to pay and to set a price equal (or close) to p. For these 
reasons, most healthcare systems envisage forms of regulation for 
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this market. In what follows, we compare selective reimbursement 
procedures and value-based pricing (VBR) with risk sharing, both 
based on cost-effectiveness thresholds.

Cost effectiveness threshold as listing strategy
Cost effectiveness thresholds (CET) are used in drug pricing to re-
duce uncertainty and welfare losses in the listing process.[21, 22, 32, 

33] The regulator sets a level of the threshold [usually in terms of 
Incremental Cost Effectiveness Ratio (ICER)] beyond which it will 
not grant listing.[6, 34, 35] In other words, listing will be granted if the 
ratio between the price and the expected efficacy is under a certain 
threshold T . In this article, we use T = λ, the previously defined 
marginal benefit to society. The CET rule for granting listing to 
groups 0 ≤ x ≤ n is therefore:

p
A
2

(
1− n

2

) ≤ λ, i.e. p ≤ pmax = λ
A
2

(
1− n

2

)
.

 (7)

In this setting, few studies[5, 21, 22, 36] show that the industry will ask a 
price equal to pmax which implies that the expected consumer sur-
plus is equal to zero, i.e. the social value of the drug is equal to the 
profit of the industry. Note that, if the information of the regulator 
on heterogeneity is limited to the overall average efficacy, using the 

above scheme all groups are admitted to listing, i.e. n = 1 and the 

price is set to p = A
4 , independently on c. The consumer surplus is 

zero, while the profit of the firm equals λA
4 − c, but this solution may 

be unfavourable for both parties, especially when c is relatively high.
For these reasons, CET is often used in combination with 

other instruments: in this study, we will examine a scheme aimed 
at improving value for money for the drug and performance-based 
prices with risk sharing. The first scheme may be used if the regulator 
is able to observe expected effectiveness across groups, whereas the 
second can also be used when this information is not available.

Subgroup reimbursement
Let us now assume that the regulator shares with the industry the 
information on observable heterogeneity. To increase value for 
money, the regulator may decide to grant reimbursement for the new 
drug only for indications whose expected benefit is above a specific 
threshold. We denote this price scheme by subgroup reimbursement 
(SR). This model is similar to the a stratified cost effectiveness ana-
lysis proposed by Coyle et  al.[7] in a discrete context with no un-
certainty on effectiveness, but with the industry that anticipates the 
restriction made by the regulator as in Hawkins and Scott.[37] The 
decision process can be summarized as follows:

 1. At stage 1, the industry sets the price p with p ≤ pmax that maxi-
mizes profit;

 2. At stage 2, the regulator, on the basis of p and of what can be ob-
served of patients heterogeneity, decides to limit reimbursement 
to the group of patients whose expected effectiveness maximizes 
consumer surplus.

The analytical solution presented in Supplementary Appendix B 
shows that the optimal price and the optimal group of patients to 
which the treatment is offered are equal to:

pSR =
λA
4

+
c
2
, nSR =

1
2

− c
λA

,

provided that c ≤ λA
2 . If this condition is not verified, the industry 

will not commercialize the drug since the marginal cost is higher 

than the price. The price is set on the basis of the expected effective-
ness of the new drug and in this respect the industry enjoys a fixed, 
certain profit. The regulator faces instead all the risk related to the 
uncertainty in the effectiveness deriving from unobserved patients 
characteristics of the new drug. In SR, the number of groups treated 
is half of that of FB, resulting in a lower social value (corresponding 
to three fourths of the FB one). One third of the latter is acquired 
by the community as consumers surplus, and the rest is earned by 
the firm. This analysis shows that when these policies are anticipated 
by the industry, the regulator can improve value for money only 
through a sharp reduction in the number of patients, which has im-
portant welfare consequences, as detailed in the Discussion section. 
The second important drawback of this scheme is that it can be used 
only if the information about the differential in effectiveness across 
patients groups is observable at the time of listing. If this is not the 
case (e.g. because the randomized clinical trial did not foresee strati-
fication), a scheme as the one proposed in the following section may 
be implemented.

Performance value-based pricing schemes with 
risk sharing
One of the innovative tools proposed for pricing new drugs is the use 
of value-based formulas, where the price of the new drug strictly de-
pends on the (incremental) cost effectiveness for which the regulator 
sets a maximum payment (i.e. p ≤ pmax) so that listing is always 
granted.[38–42] Ex-post, the actual effectiveness of the drug is verified 
and a form of penalty is introduced if it falls short of a contracted 
level.[9–11, 43–48]

In this section, we consider the following performance-based risk 
sharing agreement with VBR: the industry is paid a price based on 
the expected efficacy of the drug, but for patients for which ex-post 
effectiveness falls below a contracted level, the industry will have 
to pay a rebate, e.g. in the form of a reimbursement to the regu-
lator or in terms of free treatments to a specific number of patients. 
These risk sharing mechanisms are often used in Italy and other 
Organization for Economic Co-operation and Development (OECD) 
countries.[49–52] The unit price is made up of two components:

 • The value-based price p which allows to satisfy the CET listing 
rule;

 • The rebate rp which the industry has to pay if the effectiveness 
falls short of a contracted level D. For each x ∈ [0, 1], the prob-
ability of this event is x+ (1− x) D

A .

The expected unit price is therefore:

pVBR = p− rp
1
n

ˆ n

0

Å
x+ (1− x)

D
A

ã
dx

= p
Å
1− r

D
A

− r
n
2

Å
1− D

A

ãã
 (8)

with r ∈ [0, 1] set by the regulator. Note that if r is equal to 0, 
the pricing scheme is a classical average value-based system.[23] The 
decision process has two stages:

 1. Stage 1: the regulator chooses r;
 2. Stage 2: the industry sets the number of patients to treat to maxi-

mize profits.

The optimization problem for the firm is to choose n ∈ [0, 1] to 
maximize the expected profit:
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E(Π) =

Å
p
Å
1− r

D
A

− r
n
2

Å
1− D

A

ãã
− c
ã
n.

From standard calculations (see Supplementary Appendix C) an in-

ternal solution equal to n = 1− Ac−p(1−r)
pr(A−D)  is found under the condi-

tion p(1− r) < c < p
Ä
1− r dA

ä
, i.e. the cost has to be higher than the 

price net of the rebate (otherwise obviously the firm would set n = 1
) and lower than the expected overall unit price (otherwise the firm 
would not commercialize the drug).

The regulator has to set the price using the available information; 
reasonably, it can be assumed that the minimal common knowledge 

about the drug is the overall expected effectiveness (i.e. for n = 1

) equal to A4 . We assume, therefore, that both the price and the con-

tracted level of effectiveness will be set using this data, i.e. p = λD 

and D = A
4. In this case, an internal solution exists if the following 

condition is satisfied:

λA
4

(1− r) < c <
λA
4

(
1− r

4

)
,

in which case, the optimal number of patients is equal to:

nVBR =
1
3
λA (4− r)− 16c

λAr
.

Note that this scheme can be used only if c is lower than λA
4 , other-

wise the price is not sufficient for the industry to get a non-negative 
expected profit, even in the absence of risk sharing (r = 0). For lower 
values of c, risk sharing is possible for the following range of feasible 
values of r:

1− c
λA
4

≤ r ≤ min
ß
4λA− 16c

λA
, 1
™

and nVBR is decreasing in r.
If c is sufficiently low, starting from r = 1− c

λA
4

, a level for which 
the industry will list for all the patients, increasing r lowers the 
number of treated patients. For r = 1− 5 c

2λA−3c, the same number 
of patients as in First Best would in fact be treated and this choice is 
always compatible with the existence conditions. Thus, theoretically, 
the regulator could replicate, at least as concerns the social value, 
the FB solution.

Discussion

In this section, we use the results presented above to compare the 
expected consumer surplus (2), profit (3) and social value (4) of 
the drug for the proposed schemes. The quantities for the different 
schemes are presented in Table 1 and computed in the Supplementary 
Appendix.

Let us first analyse the second column (E(CS) + E(Π)) which rep-
resents the social value of the drug. For this variable, the distribu-
tion of the benefit between patients and the industry is irrelevant; 
hence, this quantity simply depends on the number of patients that 

are treated. In FB, the efficient number of groups is treated given the 
available information. Note that only if c = 0, all patients are 
treated: since the effectiveness is not the same across patients groups, 
for some of them the expected benefit may be lower than the mar-
ginal production cost. In SR, the number of patients is lower than 
optimal, in fact nSR = nFB

2 , thus the social value of the drug is not 

fully exploited (it is in fact only 34  of the FB one). Its allocation is not 
equal: consumer surplus amounts to one third, the rest is acquired 
by the firm through profits. Note also that the price for SR is equal 
to the FB one for α = 1, i.e. the price for which all the social value 
would become profit of the firm. The price is, therefore, kept very 
high and the regulator is able to increase value for money only at the 
cost of reducing access to the drug.

In VBR, the number of patients treated may be higher or 
lower than FB according to the choice of r. In particular, only if 
r = 1− 5 c

2λA−3c, the scheme would replicate FB. It is interesting 
to note that in this case the allocation of the social value between 
the industry and consumers is compatible with a FB scheme with 
α > 1/2, a result that seems to confirm the arguments that these con-
tracts are in fact risk shifting arrangements rather than risk sharing 
schemes. However, by reducing the price of the drug, they allow (at 
least in the short run) to reduce the budget impact of drugs.

The analysis above shows that limiting the industry power either 
through the number of eligible patients or by using risk sharing 
agreements may reduce welfare, which in this analysis may be 
thought of as the part of the potential social value of the drug that 
the community is actually able to use.

Conclusions

In this article, we have analysed some of the schemes that have been 
recently proposed to determine the price of new active principles. We 
have specifically modelled two sources of volatility in the effective-
ness of a new drug: an observable element and a patient-dependent, 
unpredictable one. In this scenario, the use of subgroup restriction 
on patients eligible for treatment, as well as VBR mechanisms, may 
reduce the social value of innovations, a result that is in line with 
recent findings of the literature.[23, 37, 53] Furthermore, risk sharing 
agreements increase the variance in the payment and the net bene-
fits[13]; hence, their use when heterogeneity is potentially high will 
amplify this characteristics. These results show that more research 
is needed to study the effects of regulation in drug pricing, also due 
to the long-term horizon of investments in the drug industry. The 
practical application of these pricing schemes requires knowledge of 
λ, the money utility equivalent gain from health care, whose defin-
ition has opened a wide debate in the literature.[6, 35] Some healthcare 
systems (for example in the UK) have made explicit choices, whereas 
others use less transparent systems. In the study of Danzon et al.[39] 
the authors suggest not only to use income as a proxy, but also 
this solution is not universally accepted. The literature has recently 

Table 1 Comparison of pricing schemes 

Scheme n  E(CS) + E(Π) E(CS) E(Π) p

FB 1− c
λ A

2

1
λA

(
λA
2 − c

)2 α
λA

(
λA
2 − c

)2 1−α
λA

(
λA
2 − c

)2
αc+ (1− α)

(
λA

4 + c
2

)

SR 1
2 − c

λA
3

4λA

(
λA

2 − c
)2 1

4λA

(
λA

2 − c
)2 1

2λA

(
λA

2 − c
)2

λA
4 + c

2

VBR 1− k (1− k)
(
λA
4 − c+ λA

4 k
)

λA(1−k)
32 (5r+ (8− 3r)k) 3rλA

32 (1− k)2 λA
4

k =
16c− 4(1− r)λA

3rλA
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proposed to use Indication Value-Based Prices to maximize the social 
value of new drugs. This scheme foresees the payment of a price that 
depends on the expected effectiveness of the drug.[15, 53] In our nota-

tion, the price for each patient group x would be p(x) = λA
2 (1− x)

. The implementation of this scheme requires the industry to list for 
n indications and may be implemented only if the clinical trial was 
made to take group heterogeneity into account.[28] Although the so-
cial value of the drug is usually equal to First Best, generally the 
latter becomes profit for the industry.[15, 54, 55]

Several regulators are instead introducing Managed Entry 
Agreements to grant listing (see the study of Gamba et al.[56] for a 
review). These agreements are quite similar to the risk sharing agree-
ments presented here: the main difference is that the price is often 
negotiated with the industry and may be higher than p = λD, espe-
cially if the industry is able to anticipate the regulator’s choices.[56] 
The discussion on the relative merits of these schemes is quite 
lively,[52, 57, 58] as they may represent a valid alternative to balance 
regulator’s and industry’s objectives.

Finally, another important dimension on which pricing schemes 
should be evaluated is their ability to promote R & D and a timely 
availability of new active principles. Modelling dynamic decisions re-
quires a level of sophistication in the model that is beyond the scope 
of this paper. In Levaggi et al.,[59] CET threshold schemes are com-
pared with pricing in the presence of risk sharing and show that risk 
sharing may allow more degrees of flexibility to the industry and in 
this respect it may allow innovation to reach the market more quickly. 
In the study of Filson,[60] a computable model is used to predict the ef-
fects on the drug industry to changes in price regulation. The analysis 
shows that the response depends on several parameters (market share 
and nature of the control), but it affects both the investment and the 
outcome of R&D. In the same line in the study of Giaccotto et al.[61] 
and Golec et al.,[62] it is shown that investment in R&D responds to 
price regulation, and their effects may persist for a long period of time.

Supplementary Material

Supplementary data are available at Journal of Pharmaceutical 
Health Services Research online. 

Acknowledgement
This article uses a model developed by the authors using standard algebraic 
techniques and does not involve the use of sensitive/patients data. 

Author Contributions
Laura Levaggi: conceptualisation, formal analysis, writing (first draft and re-
visions). Rosella Levaggi: conceptualisation, methodology, writing (first draft 
and revisions). 

Funding
This research received no specific grant from any funding agency in the public, 
commercial, or not-for-profit sectors. 

Conflicts of Interest
The authors have no conflict of interest to declare.

References
 1. Carone  G, Schwierz  C, Xavier  A. Cost-containment policies in public 

pharmaceutical spending in the EU. European Economy-Economic Papers. 
European Commission-Economic and Financial Affairs, 2012.

 2. OECD. Health at a glance 2011: OECD indicators. Technical report. 
OECD, 2011.

 3. Panos K, Taylor D, Manning J, et al. Implementing Value-Based Pricing for 
Pharmaceuticals in the UK. London: 2020Health, 2010.

 4. Dickson M, Redwood H. Pharmaceutical reference prices: how do they 
work in practice? Pharmacoeconomics 1998; 14: 471–9. https://doi.
org/10.2165/00019053-199814050-00002

 5. Jena AB, Philipson T. Cost-effectiveness analysis and innovation. J Health 
Econ 2008; 27: 1224–36. https://doi.org/10.1016/j.jhealeco.2008.05.010

 6. Appleby J, Devlin N, Parkin D et al. Searching for cost effectiveness thresh-
olds in the NHS. Health Policy 2009; 9: 239–45. https://doi.org/10.1016/j.
healthpol.2008.12.010

 7. Coyle  D, Buxton  MJ, O′Brien  BJ. Stratified cost-effectiveness analysis: 
a framework for establishing efficient limited use criteria. Health Econ 
2003; 12: 421–7. https://doi.org/10.1002/hec.788

 8. Camejo RR, Miraldo M, Rutten F. Cost-effectiveness and dynamic effi-
ciency: does the solution lie within? Value Health 2017; 20: 240–3. https://
doi.org/10.1016/j.jval.2016.12.004

 9. De Pouvourville G. Risk-sharing agreements for innovative drugs. Eur J 
Health Econ 2006; 7: 155–7. https://doi.org/10.1007/s10198-006-0386-6

 10. Cook  J, John  A.  Vernon, and Richard  Mannin. Pharmaceutical risk-
sharing agreements. Pharmacoeconomics 2008; 26: 551–6. https://doi.
org/10.2165/00019053-200826070-00002

 11. Adamski J, Godman B, Ofierska-Sujkowska G et al. Risk sharing arrange-
ments for pharmaceuticals: potential considerations and recommenda-
tions for European payers. BMC Health Serv Res 2010; 10: 153. https://
doi.org/10.1186/1472-6963-10-153

 12. Yu JS, Chin L, Oh J et al. Performance-based risk-sharing arrangements 
for pharmaceutical products in the United States: a systematic review. J 
Manag Care Spec Pharm 2017; 23: 1028–40. https://doi.org/10.18553/
jmcp.2017.23.10.1028

 13. Zaric  GS. How risky is that risk sharing agreement? Mean-variance 
tradeoffs and unintended consequences of six common risk sharing agree-
ments. MDM Policy Pract 2021; 6: 2381468321990404. https://doi.
org/10.1177/2381468321990404

 14. Kiernan  F. The future of pharmacoeconomic policy—does value-based 
pricing really have a role? J Pharm Health Serv Res 2016; 7: 5–9. https://
doi.org/10.1111/jphs.12126

 15. Amitabh  Chandra and Craig  Garthwaite. The economics of indication-
based drug pricing. N Engl J Med 2017; 377: 103–6. https://doi.
org/10.1056/NEJMp1705035

 16. Wettermark B, Godman B, Jacobsson B et al. Soft regulations in pharma-
ceutical policymaking: an overview of current approaches and their conse-
quences. Appl Econ Health Policy 2009; 7: 1–11. https://doi.org/10.1007/
BF03256147

 17. Danzon  PM, Chao  L-W. Does regulation drive out competition in 
pharmaceutical markets? J Law Econ 2000; 43: 311–57. https://doi.
org/10.1086/467458

 18. PhRMA. Annual Report 2011. Washington: PhRMA, 2011.
 19. US Food and Drug Administration. Advancing Health Through 

Innovation: New Drug Therapy Approvals 2020. Silver Spring, MD: 
FDA, 2020. Retreived from https://www.fda.gov/drugs/new-drugs-fda-
cders-new-molecular-entities-and-new-therapeutic-biological-products/
new-drug-therapy-approvals-2020

 20. Schork N. Personalized medicine: time for one-person trials. Nature 2015; 
520: 609–11. https://doi.org/10.1038/520609a

 21. Levaggi R. Pricing schemes for new drugs: a welfare analysis. Soc Sci Med 
2014; 102: 69–73. https://doi.org/10.1016/j.socscimed.2013.11.048

 22. Levaggi  R, Pertile  P. Drug prices and incentives to innovation by the 
pharmaceutical industry. In: Babar Z-U-D (ed.), Pharmaceutical Prices in 

D
ow

nloaded from
 https://academ

ic.oup.com
/jphsr/article/12/3/357/6359533 by guest on 20 January 2023

https://doi.org/https://doi.org/10.2165/00019053-199814050-00002
https://doi.org/https://doi.org/10.2165/00019053-199814050-00002
https://doi.org/https://doi.org/10.1016/j.jhealeco.2008.05.010
https://doi.org/https://doi.org/10.1016/j.healthpol.2008.12.010
https://doi.org/https://doi.org/10.1016/j.healthpol.2008.12.010
https://doi.org/https://doi.org/10.1002/hec.788
https://doi.org/https://doi.org/10.1016/j.jval.2016.12.004
https://doi.org/https://doi.org/10.1016/j.jval.2016.12.004
https://doi.org/https://doi.org/10.1007/s10198-006-0386-6
https://doi.org/https://doi.org/10.2165/00019053-200826070-00002
https://doi.org/https://doi.org/10.2165/00019053-200826070-00002
https://doi.org/https://doi.org/10.1186/1472-6963-10-153
https://doi.org/https://doi.org/10.1186/1472-6963-10-153
https://doi.org/https://doi.org/10.18553/jmcp.2017.23.10.1028
https://doi.org/https://doi.org/10.18553/jmcp.2017.23.10.1028
https://doi.org/https://doi.org/10.1177/2381468321990404
https://doi.org/https://doi.org/10.1177/2381468321990404
https://doi.org/https://doi.org/10.1111/jphs.12126
https://doi.org/https://doi.org/10.1111/jphs.12126
https://doi.org/https://doi.org/10.1056/NEJMp1705035
https://doi.org/https://doi.org/10.1056/NEJMp1705035
https://doi.org/https://doi.org/10.1007/BF03256147
https://doi.org/https://doi.org/10.1007/BF03256147
https://doi.org/https://doi.org/10.1086/467458
https://doi.org/https://doi.org/10.1086/467458
https://www.fda.gov/drugs/new-drugs-fda-cders-new-molecular-entities-and-new-therapeutic-biological-products/new-drug-therapy-approvals-2020
https://www.fda.gov/drugs/new-drugs-fda-cders-new-molecular-entities-and-new-therapeutic-biological-products/new-drug-therapy-approvals-2020
https://www.fda.gov/drugs/new-drugs-fda-cders-new-molecular-entities-and-new-therapeutic-biological-products/new-drug-therapy-approvals-2020
https://doi.org/https://doi.org/10.1038/520609a
https://doi.org/https://doi.org/10.1016/j.socscimed.2013.11.048


362 Journal of Pharmaceutical Health Services Research, 2021, Vol. 12, No. 3

the 21st Century. Switzerland: Springer International Publishing, 2015, 
389–401.

 23. Levaggi  R, Pertile  P. Which valued-based price when patients are het-
erogeneous? Health Econ 2020; 29: 923–35. https://doi.org/10.1002/
hec.4033

 24. Bouvy  J, Sabine  V. Pricing and reimbursement policies: impacts on in-
novation. In: Kaplan W, Wirtz V, Mantel Teuwisse A et al (eds.), Priority 
Medicines for Europe and the World—2013 Update. Geneva, Switzerland: 
World Health Organization, 2013.

 25. Gravelle  HSE. Ex post value reimbursement for pharmaceuticals. Med 
Decis Making 1998; 18: S27–38. https://doi.org/10.1177/0272989X980
18002S06

 26. Civan A, Maloney MT. The effect of price on pharmaceutical R&D. B.E. J 
Econ Anal Poli 2009; 9: 1–24. https://doi.org/10.2202/1935-1682.1977

 27. Bach PB. Indication-specific pricing for cancer drugs. JAMA 2014; 312: 
1629–30. https://doi.org/10.1001/jama.2014.13235

 28. Sculpher  M. Subgroups and heterogeneity in cost-effectiveness 
analysis. Pharmacoeconomics 2008; 26: 799–806. https://doi.
org/10.2165/00019053-200826090-00009

 29. Hlavka JP, Yu JC, Goldman DP et al. The economics of alternative pay-
ment models for pharmaceuticals. Eur J Health Econ 2021; 22: 559–69. 
https://doi.org/10.1007/s10198-021-01274-4

 30. Persson U, Willis M, Odegaard K. A case study of ex ante, value-based 
price and reimbursement decision-making: TLV and rimonabant in 
Sweden. Eur J Health Econ 2010; 11: 195–203. https://doi.org/10.1007/
s10198-009-0166-1

 31. Laffont  J-J, Tirole  J. A Theory of Incentives in Procurement and 
Regulation. Boston, MA: MIT Press, 1994.

 32. Jena AB, Philipson T. Cost-effectiveness analysis and innovation. J Health 
Econ 2008; 27: 1224–36. https://doi.org/10.1016/j.jhealeco.2008.05.010

 33. Jena  A, Philipson  T. Endogenous cost-effectiveness analysis in health 
care technology adoption. Working Paper 15032. National Bureau of 
Economic Research, June 2009.

 34. Office of Fair Trading (UK). The Pharmaceutical Price Regulation System: 
An OFT Study. Annexe K: International Survey of Pharmaceutical Pricing 
and Reimbursement Schemes. London: The Office of Fair Trading,  
2007.

 35. Levaggi  L, Levaggi  R. Welfare properties of restrictions to health care 
based on cost effectiveness. Health Econ 2011; 20: 101–10. https://doi.
org/10.1002/hec.1566

 36. Jena  A, Philipson  T. Endogenous cost-effectiveness analysis in health 
care technology adoption. Working Paper 15032. National Bureau of 
Economic Research, June 2009.

 37. Hawkins N, Scott DA. Reimbursement and value-based pricing: stratified 
cost-effectiveness analysis may not be the last word. Health Econ 2011; 
20: 688–98. https://doi.org/10.1002/hec.1625

 38. Claxton K, Sculpher M, Carroll S. Value-based pricing for pharmaceut-
icals: its role, specification and prospects in a newly devolved NHS. 
Working Papers 60. Centre for Health Economics, University of York, 
February 2011.

 39. Danzon P, Towse A, Mestre-Ferrandiz J. Value-based differential pricing: 
efficient prices for drugs in a global context. Health Econo 2015; 24: 294–
301. https://doi.org/10.1002/hec.3021

 40. David  J.  Webb and Andrew  Walker. Value-based pricing of drugs 
in the UK. Lancet 2007; 369: 1415–6. https://doi.org/10.1016/
S0140-6736(07)60648-5

 41. Claxton K. OFT, VBP: QED? Health Econ 2007; 16: 545–58. https://doi.
org/10.1002/hec.1249

 42. Claxton K, Briggs A, Buxton MJ et al. Value based pricing for NHS drugs: 
an opportunity not to be missed? BMJ  2008; 336: 252–4. https://doi.
org/10.1136/bmj.39434.500185.25

 43. Lilico A. Risk sharing pricing models in the distribution of pharmaceut-
icals. Staff Working Papers 2003.1. Europe Economics, 2003.

 44. Neumann PJ, Chambers JD, Simon F et al. Risk-sharing arrangements that 
link payment for drugs to health outcomes are proving hard to implement. 
Health Aff 2011; 30: 2329–37. https://doi.org/10.1377/hlthaff.2010.1147

 45. Towse  A, Garrison  LP. Can’t get no satisfaction? Will pay for per-
formance help? Toward an economic framework for understanding 
performance-based risk sharing agreements for innovative med-
ical products. Pharmacoeconomics 2010; 28: 93–102. https://doi.
org/10.2165/11314080-000000000-00000

 46. Antonanzas  F, Juarez-Castello  C, Rodriguez-Ibeas  R. Should health au-
thorities offer risk-sharing contracts to pharmaceutical firms? A theoret-
ical approach. Health Econ Policy Law 2011; 6: 391–403. https://doi.
org/10.1017/S1744133111000016

 47. Barros PP. The simple economics of risk sharing agreements between the 
NHS and the pharmaceutical industry. Health Econ 2011; 20: 461–70. 
https://doi.org/10.1002/hec.1603

 48. Zaric GS, Xie B. The impact of two pharmaceutical risk-sharing agree-
ments on pricing, promotion, and net health benefits. Value Health 2009; 
12: 838–45. https://doi.org/10.1111/j.1524-4733.2009.00510.x

 49. Garattini L, Curto A, van de Vooren K. Italian risk-sharing agreements on 
drugs: are they worthwhile? Eur J Health Econ 2015; 16: 1–3. https://doi.
org/10.1007/s10198-014-0585-5

 50. Garattini  L, Motterlini  N, Cornago  D. Prices and distribution mar-
gins of in-patent drugs in pharmacy: a comparison in seven European 
countries. Health Policy 2008; 85: 305–13. https://doi.org/10.1016/j.
healthpol.2007.08.005

 51. Garrison LP, Towse A, Briggs A et al. Performance-based risk-sharing ar-
rangements: good practices for design, implementation, and evaluation: 
report of the ISPOR good practices for performance-based risk-sharing 
arrangements task force. Value Health 2013; 16: 703–19. https://doi.
org/10.1016/j.jval.2013.04.011

 52. Wenzl  M, Chapman  S. Performance-based managed entry agreements 
for new medicines in OECD countries and EU member states. Technical 
Report 115. Paris, France: OECD, 2019.

 53. Levaggi  R, Pertile  P. Value-based pricing alternatives for personalised 
drugs: implications of asymmetric information and competition. Appl 
Health Econ Health Policy 2020; 18: 357–62. https://doi.org/10.1007/
s40258-019-00541-z

 54. Kaltenboeck A, Bach PE. Value-based pricing for drugs: theme and varia-
tions. JAMA 2018; 319: 2165–6. https://doi.org/10.1001/jama.2018.4871

 55. Pearson SD, Dreitlein WB, Henshall C et al. Indication-specific pricing of 
pharmaceuticals in the US healthcare system. J Comp Eff Res 2017; 6: 
397–404. https://doi.org/10.2217/cer-2017-0018

 56. Gamba S, Pertile P, Vogler  S. The impact of managed entry agreements 
on pharmaceutical prices. Health Econ 2020; 29: 47–62. https://doi.
org/10.1002/hec.4112

 57. Carlson JJ, Chen S, Garrison LP. Performance-based risk-sharing arrange-
ments: an updated international review. Pharmacoeconomics 2017; 35: 
1063–72. https://doi.org/10.1007/s40273-017-0535-z

 58. Dabbous  M, Chachoua  L, Caban  A et  al. Managed entry agreements: 
policy analysis from the European perspective. Value Health 2020; 23: 
425–33. https://doi.org/10.1016/j.jval.2019.12.008

 59. Levaggi R, Moretto M, Pertile P. The dynamics of pharmaceutical regu-
lation and R&D investments. J Public Econ Theory 2017; 19: 121–41. 
https://doi.org/10.1111/jpet.12195

 60. Filson  D. A Markov-perfect equilibrium model of the impacts of price 
controls on the performance of the pharmaceutical industry. RAND J Econ 
2012; 43: 110–38. https://doi.org/10.1111/j.1756-2171.2012.00159.x

 61. Giaccotto C, Santerre RE, Vernon JA. Drug prices and research and devel-
opment investment behavior in the pharmaceutical industry. J Law Econ 
2005; 48: 195–214. https://doi.org/10.1086/426882

 62. Golec J, Hegde S, Vernon JA. Pharmaceutical R&D spending and threats 
of price regulation. J Financ Quant Anal 2010; 45: 239–64. https://doi.
org/10.1017/S0022109009990512

D
ow

nloaded from
 https://academ

ic.oup.com
/jphsr/article/12/3/357/6359533 by guest on 20 January 2023

https://doi.org/https://doi.org/10.1002/hec.4033
https://doi.org/https://doi.org/10.1002/hec.4033
https://doi.org/https://doi.org/10.1177/0272989X98018002S06
https://doi.org/https://doi.org/10.1177/0272989X98018002S06
https://doi.org/https://doi.org/10.2202/1935-1682.1977
https://doi.org/https://doi.org/10.1001/jama.2014.13235
https://doi.org/https://doi.org/10.2165/00019053-200826090-00009
https://doi.org/https://doi.org/10.2165/00019053-200826090-00009
https://doi.org/https://doi.org/10.1007/s10198-021-01274-4
https://doi.org/https://doi.org/10.1007/s10198-009-0166-1
https://doi.org/https://doi.org/10.1007/s10198-009-0166-1
https://doi.org/https://doi.org/10.1016/j.jhealeco.2008.05.010
https://doi.org/https://doi.org/10.1002/hec.1566
https://doi.org/https://doi.org/10.1002/hec.1566
https://doi.org/https://doi.org/10.1002/hec.1625
https://doi.org/https://doi.org/10.1002/hec.3021
https://doi.org/https://doi.org/10.1016/S0140-6736(07)60648-5
https://doi.org/https://doi.org/10.1016/S0140-6736(07)60648-5
https://doi.org/https://doi.org/10.1002/hec.1249
https://doi.org/https://doi.org/10.1002/hec.1249
https://doi.org/https://doi.org/10.1136/bmj.39434.500185.25
https://doi.org/https://doi.org/10.1136/bmj.39434.500185.25
https://doi.org/https://doi.org/10.1377/hlthaff.2010.1147
https://doi.org/https://doi.org/10.2165/11314080-000000000-00000
https://doi.org/https://doi.org/10.2165/11314080-000000000-00000
https://doi.org/https://doi.org/10.1017/S1744133111000016
https://doi.org/https://doi.org/10.1017/S1744133111000016
https://doi.org/https://doi.org/10.1002/hec.1603
https://doi.org/https://doi.org/10.1111/j.1524-4733.2009.00510.x
https://doi.org/https://doi.org/10.1007/s10198-014-0585-5
https://doi.org/https://doi.org/10.1007/s10198-014-0585-5
https://doi.org/https://doi.org/10.1016/j.healthpol.2007.08.005
https://doi.org/https://doi.org/10.1016/j.healthpol.2007.08.005
https://doi.org/https://doi.org/10.1016/j.jval.2013.04.011
https://doi.org/https://doi.org/10.1016/j.jval.2013.04.011
https://doi.org/https://doi.org/10.1007/s40258-019-00541-z
https://doi.org/https://doi.org/10.1007/s40258-019-00541-z
https://doi.org/https://doi.org/10.1001/jama.2018.4871
https://doi.org/https://doi.org/10.2217/cer-2017-0018
https://doi.org/https://doi.org/10.1002/hec.4112
https://doi.org/https://doi.org/10.1002/hec.4112
https://doi.org/https://doi.org/10.1007/s40273-017-0535-z
https://doi.org/https://doi.org/10.1016/j.jval.2019.12.008
https://doi.org/https://doi.org/10.1111/jpet.12195
https://doi.org/https://doi.org/10.1111/j.1756-2171.2012.00159.x
https://doi.org/https://doi.org/10.1086/426882
https://doi.org/https://doi.org/10.1017/S0022109009990512
https://doi.org/https://doi.org/10.1017/S0022109009990512

