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Pricing policies when patients are

heterogeneous: a welfare analysis∗

Rosella Levaggi† Paolo Pertile‡

Abstract

We use a simple theoretical model to compare alternative regula-
tion regimes for the reimbursement of medical innovations when re-
sponses to a new treatment (effectiveness) are heterogeneous within
the eligible population. We study two dimensions: i) efficiency in
selecting sub-groups of patients for which the new technology is re-
imbursed, ii) distribution of the rent between firm and payer. We
show that, when rational behaviour of profit maximizing firms is taken
into account, stratified cost-effectiveness analysis and marginal value-
based prices lead to the same equilibrium, which is efficient only if
the population is sufficiently homogeneous. Inefficiency arises because
some patients that should be treated are not. On the other hand,
prices based on the average value may allow for an efficient solution
even when heterogeneity is large. With this pricing policy, efficiency
may be achieved even when part of the rent is retained by the payer,
provided that the degree of heterogeneity is sufficiently small.

1 Introduction

The quest to increase value for money of innovation in health care has gener-
ated huge interest in the study of adoption rules and pricing policies. This is
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crucial in countries where the provision of health care is mainly public, but it
is gaining increasing attention also in countries where the private sector plays
a prominent role. According to WHO: “Achieving fair pricing and ensuring
long-term sustainability of health care systems and access for patients is one
of the biggest challenges for health and pharmaceutical systems in Europe
and worldwide” (WHO, 2015).

In response to this challenge, an increasing number of countries are intro-
ducing into the decision process some form of health technology assessment
(HTA), by combining economic inputs with data from clinical trials. While
in the past the focus was essentially on the cost-effectiveness of the new tech-
nology on the whole eligible population (i.e. it was based on full-sample av-
erages) the attention toward results in different sub-groups has been recently
growing. This is also related to recent developments of genomic medicine and
the identification of biomarkers to be used as predictors of the effectiveness
of a new technology. Personalized medicine is being widely debated as the
possible next revolution in medical practice, but it might also provide new
opportunities to increase value for money through an efficient allocation of
specific types of patients to different treatments.

Mainly two regulatory approaches have been discussed in relation to
heterogeneity in effectiveness across the eligible population: stratified cost-
effectiveness analysis (SCEA) and value-based prices. The former is based on
the determination of sub-group specific incremental cost-effectiveness ratios
(ICER) and adoption only for those groups for which the new technology
is cost-effective. Based on a case study, and assuming fixed prices, Coyle
et al. (2003) argue that SCEA is superior to non-stratified cost-effectiveness
analysis. Hawkins and Scott (2011) use the same example to show that, if a
profit maximizing firm is allowed to propose a price, the outcome of SCEA
is suboptimal, because it is dominated by a combination of price and size of
population to treat for which both profits and net health benefits are larger.
The importance of considering behavioural responses to cost-effectiveness
rules by firms is also highlighted by Jena and Philipson (2013) in a slightly
different context.

Value-based prices have received huge attention since the Office of Fair
Trading recommended the adoption of a value-based price regulation scheme
(Office of Fair Trading, 2007), but how this should be exactly implemented is
still uncertain (McGuire et al., 2008). Before that, other proposals had been
made to link the amount of revenues obtained by the firm to the social value
of the innovation (Kremer, 1997; Gravelle, 1998). One point of discussion in
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the current debate is whether the price should be based on the value of the
new product for the marginal or the average patient. This could make a big
difference, especially when the population is very heterogeneous. So far, most
of the attention has been on marginal value-based prices (MVBP), mainly
because these would allow the payer to retain part of the rent (Claxton,
2007). The way the rent is split between the industry and the payer is
indeed crucial, because it determines the balance between static efficiency –
making drugs accessible to all those who need them – and dynamic efficiency
– ensuring that firms’ profits are robust enough to sustain R&D investments
(Leibenstein, 1966). Danzon et al. (2015) adopt a multi-country perspective
and show that MVBP are ”roughly consistent with second-best static and

dynamic efficiency“ (Danzon et al., 2015, p. 294).
We aim to combine some of the features of previous studies that we

believe are important, such as the active role of the firm in price setting
(Hawkins and Scott, 2011) and the analysis of the balance between static and
dynamic efficiency (Danzon et al., 2015) within a simple, but still general,
theoretical framework. Moreover, we study how the degree of heterogeneity
in the population influences the properties of the alternative schemes. We
are not aware of other theoretical analyses sharing this feature. Our model
provides a theoretical framework to generalise some of the results from the
previous literature and to define under which conditions those results (do
not) hold. Finally, we explore the properties of a regulatory scheme where
prices are defined as a fraction (possibly, but not necessarily, equal to one)
of the average value for patients treated (AVBP), as an alternative to SCEA
and MVBP.

We show that the outcome under SCEA and MVBP is the same and it
is not Pareto efficient, unless effectiveness is sufficiently homogeneous within
the eligible population. On the other hand, AVBPs allow for an efficient solu-
tion, irrespective of the degree of heterogeneity in the population. However,
with sufficiently heterogeneous populations, an efficient solution requires the
whole rent to be left to the firm. The fraction of rent that must be left to
the firm is non-decreasing in the degree of heterogeneity.

Section 2 introduces the model. In Section 3 we define an efficiency
benchmark by characterizing the first-best solution, which is then compared
with stratified cost-effectiveness analysis (Section 4), marginal value-based
prices (Section 5) and average value-based prices (Section 6). Section 7
explores how the rent is distributed between the firm and the payer under the
three schemes considered and Section 8 provides some concluding remarks.
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2 The model

A new technology is considered for reimbursement. The size of the eligible
population is 1, but the treatment of n ∈ [0, 1] patients is reimbursed. It is
assumed that only patients whose treatment is reimbursed receive it and that
reimbursement, if granted, covers the whole price. Let the marginal health
benefit of the new technology be:

MB(n) = (1− z) + (2z − 1)n, (1)

where z ∈
[

0, 1
2

)

is the marginal effectiveness of the ’last’ patient, i.e. z =
MB(1). To simplify the analysis, but without loss of generality, we assume
that no (active) treatment is currently available for this population. This
implies that incremental values of benefits and costs equal absolute values.

The definition of the marginal benefit function as in Eq. 1 allows us to
study the role of heterogeneity in effectiveness within the eligible population
by letting z change, while keeping average effectiveness constant and equal
to 1

2
. The degree of heterogeneity is inversely related to the value of z.

For z → 1
2
the MB tends to a constant value, while z = 0 corresponds to

the maximum degree of heterogeneity. The lower bound on z means that
the marginal benefit of the technology is non-negative for the whole eligible
population.

Figure 1 clarifies the relationship between the value of z and the degree
of heterogeneity: z1 and the corresponding MB function (solid line) corre-
sponds to the case of comparatively large heterogeneity, because the differ-
ence between the effectiveness of the ”first“ patient (limn→0+ MB(n)) and
the ”last“ patient (limn→1 MB(n)) is large. When z = z2 (dashed line) this
gap is smaller and the population is comparatively homogeneous.

Let c ∈ R
+ and p ∈ R

+ be respectively the marginal cost to produce the
drug and its price. The technology is provided by a firm whose objective is
the maximization of profits, defined as:

Π(p, n) = (p− c)n. (2)

The marginal health benefit is turned into a monetary measure by multiply-
ing Eq. 1 by λ ∈ R

+, the shadow value of health. Hence, the total expected
health gain in monetary terms, as a function of n, is λ

∫ n

0
[(1− z) + (2z − 1)s] ds;

this is also the incremental money health gain, given the assumption that
there are no other drugs available for the treatment of these patients.
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Figure 1: Marginal benefit as a function of the size of population treated for
different values of z (z2 > z1).

The consumer surplus can be written as:

CS(p, n) = λ

∫ n

0

[(1− z) + (2z − 1)s] ds− p · n. (3)

Eq. 3 defines the monetary value of the health gain from treating n patients
with the new technology, net of the amount paid to the firm.1

3 First Best

As is typical in the economic analysis of regulation, we start by defining
a benchmark, corresponding to the case where a benevolent social planner
maximises welfare. We define this as a log-linear function of consumer surplus

1We refer to Eq. 3 as consumer surplus by applying the standard definition. However,
it might be argued that the actual surplus enjoyed by consumers (patients) should account
for the fact that they benefit from insurance, meaning that the price actually paid is less
than the price paid to the firm (Lakdawalla and Sood, 2009).
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(Eq. 3) and profit (Eq. 2):

W (p, n) = α ln[CS(p, n)] + (1− α) ln[Π(p, n)], (4)

where α ∈ [0, 1] is the relative weight of consumer surplus in the welfare
function. In particular, for α = 1 only consumer surplus matters, while
at the other extreme (α = 0) welfare maximisation corresponds to profit
maximisation. The definition of a welfare function allows for an explicit
characterization of the trade-off between two key objectives: profits for the
firm, which in turn produce incentives to R&D investment, and value for

money of adoption decisions. Moreover, the marginal contribution to welfare
of increases in either dimension is decreasing.

The first-best (FB) solution is determined by maximizing Eq. 4 with re-
spect to p and n, under the constraint on the maximum size of the population
to treat (n ≤ 1). The solution is:
{

nfb = 1; pfb = 1
2
[2cα + λ(1− α)] if z ≥ c

λ

nfb = λ(1−z)−c

λ(1−2z)
; pfb = 1

2
[c(1 + α) + (1− z)(1− α)λ] if z < c

λ
.

(5)
We assume that c

λ
< 1

2
, which ensures the existence of a range of values for z

such that in the FB the whole population is treated. The economic intuition
for the condition under which it is optimal to treat the whole population
(z ≥ c

λ
) is straightforward: the marginal benefit of the last patient in the

eligible population must exceed the health equivalent of the marginal cost. It
is interesting to note that nfb is independent of α, meaning that, irrespective
of the relative weight of the two components in Eq. 4, social welfare maxi-
mization requires that the size of the population treated is (static) efficient,
and the desired distribution of the rent is achieved by adjusting the price.

Typically, regulators are unable or unwilling to directly fix both price
and size of the population to treat, meaning that the FB solution cannot be
directly implemented. In what follows we investigate the welfare properties
of regulation schemes that are under discussion (Sections 4 and 5) or feasible
(Section 6).

4 Stratified cost-effectiveness analysis

In this section, we discuss a regulation regime based on SCEA and the fol-
lowing sequence of actions:

6



1. the regulator announces that the treatment will be reimbursed only for
patients for whom the ICER is below the threshold λ, given the price.
It is assumed that the regulator can commit to this rule.

2. The firm knows the rule and sets the profit maximizing price.

The rule described in point 1 means that the treatment for the nth patient
will be reimbursed if and only if:

p

(1− z) + (2z − 1)n
≤ λ. (6)

Hence, the number of patients treated, given p, is:

ns(p) =

{

1 if p ≤ zλ
p−λ(1−z)
λ(2z−1)

if p > zλ.
(7)

The following proposition defines an important property of SCEA:

Proposition 1 Adoption based on the results of Stratified Cost-Effectiveness

Analysis is an optimal policy for a regulator willing to maximize consumer

surplus, if prices are exogenous.

Proposition 1 follows immediately from checking that Eq. 7 is also the solu-
tion to the following problem:

max
n

λ

∫ n

0

[(1− z) + (2z − 1)s] ds− p · n s.t. n ∈ [0, 1]. (8)

i.e. it corresponds to the maximization of CS with p exogenous, under the
constraint on the size of the eligible population.

Proposition 1 generalizes and extends the results by Coyle et al. (2003) by
showing that if prices are fixed, SCEA is not only better than non-stratified
cost-effectiveness analysis, but it is the policy that maximizes consumer sur-
plus (net health benefits). Their analysis is based on a case study with eight
sub-groups of patients, each of which has a different level of effectiveness.
The continuous case that we consider can be seen as a limit case of the dis-
crete one, and it allows to simplify the generalization of results.
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Let us now move to the study of the optimal behaviour of a firm facing
the adoption rule defined by Eq. 7. Since z < 1

2
, the second line of Eq. 7

defines a downward sloping demand curve that the firm will take into account
in defining its optimal pricing strategy. In particular, this demand function
corresponds to the MB function, expressed in monetary terms. The firm
solves:

max
p

ns(p)(p− c), (9)

where ns(p) is defined in Eq. 7. The solution is:

ps =

{

z · λ if z ≥ z̊
1
2
[c+ λ(1− z)] if z < z̊,

(10)

with z̊ = 1
3

(

c
λ
+ 1

)

. The equilibrium solution is then:

{

ns = 1; ps = z · λ if z ≥ z̊

ns = 1
2

[

c−λ(1−z)
λ(2z−1)

]

; ps = 1
2
[c+ λ(1− z)] if z < z̊.

(11)

According to the first line of Eq. 11, if z is sufficiently large relative to c,
the firm will find it optimal to set p = z · λ and treat the whole population.
Note that the assumption c

λ
< 1

2
implies c

λ
< z̊ < 1

2
. Recalling that for z > c

λ

the FB solution entails the adoption of the new technology for the whole
population (first line of Eq. 5), this means that when the effectiveness of the
new treatment is sufficiently homogeneous across patients, basing adoption
decisions on SCEA leads to a FB solution even if the firm is free to set the
price.

When the second line of Eq. 11 is relevant, the size of the population
treated is no longer efficient. In particular, it corresponds to half the FB
population size. The firm will act as a monopolistic price setter and will then
aim at equalizing marginal revenue with marginal cost. Recalling that, given
the optimal policy for the regulator defined by Eq. 7, the demand function
faced by the firm corresponds to the money equivalent of the marginal benefit
function, a comparatively low value of z implies a more inelastic demand
function, which allows the firm to exploit some monopolistic power in price
setting. Given the linearity of the demand (marginal benefit) function, the
standard result that the absolute value of the slope of the marginal revenue
function is twice the value of the slope of the demand function applies, and
the size of the population treated is half the FB value.
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Figure 2: Price and number of patients treated in equilibrium under SCEA,
for different degrees of heterogeneity (solid: high heterogeneity; dashed: low
heterogeneity).

The implications of the above results are summarized in the following
proposition:

Proposition 2 If adoption decisions are based on stratified cost-effectiveness

analysis and the firm is free to set the price, the number of patients treated

is inefficiently low, unless responses are sufficiently homogeneous within the

eligible population.

Figure 2 provides a graphic illustration. The two solid lines represent
marginal benefit (higher curve) and marginal revenue (lower curve) for a
situation with comparatively large heterogeneity (z = z1). In this case,
the firm faces a comparatively inelastic demand curve. As a result of the
application of the standard rule of equalization between marginal revenue
and marginal cost, the resulting equilibrium is characterized by ns

1 < n
fb
1 and

ps1. With less heterogeneity (z = z2) marginal benefit and revenue correspond
to the two dashed lines. In this case, the firm finds it optimal to set a price
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(ps2 = z ·λ) such that the treatment is cost-effective for the whole population
(ns = 1), as in the FB solution.

Hawkins and Scott (2011) move from the results of Coyle et al. (2003)
and use the same example to show that SCEA is not necessarily efficient.
In particular, they show that there exists a combination of price and size of
population to treat with the new technology such that both profits and the
total net benefit in the population increases. A key difference with Coyle
et al. (2003) is that they allow the firm to set the price, as we do. Hawkins
and Scott (2011) show that in their example there exists a value of the price,
lower than the price the provider would optimally set, given an adoption
rule based on SCEA, such that both firm’s profits and patients’ total net
benefit are higher. This is a special case of our framework, for which we have
shown that if heterogeneity in individual effectiveness across population is
sufficiently large (z < z̊), SCEA leads to an inefficient outcome. The fact
that it is possible to find an alternative combination of p and n such that
both parties are better off, i.e. it is a Pareto improvement, is an immediate
implication. A further contribution from our model is the result that for
a given cost of provision of the treatment, c, this is no longer true when
patients are sufficiently homogeneous.

Hawkins and Scott (2011) conclude that ’stratified cost-effectiveness anal-

ysis may not be the last word ’. In Section 6 we will explore the possibility of
finding a regulatory solution to ensure that the FB is achieved, irrespective
of the degree of patient heterogeneity.

5 Marginal value-based prices

The scheme is characterized in the following way:

1. the regulator defines a pricing rule such that the price equals the mon-
etary value of the benefit of the treatment for the marginal patient:

pm(n) = λ [(1− z) + (2z − 1)n] . (12)

It is assumed that the regulator can commit to this rule.

2. Knowing the pricing rule defined in Eq. 12, the firm sets n in order to
maximize profits.
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Assuming that the firm plays a role in the definition of n looks reasonable in
this case. In practice, this will take place at the time when the firm decides
which indications to propose for reimbursement. The firm’s problem is:

max
n

n(pm(n)− c) s.t. n ∈ [0, 1]. (13)

The equilibrium solution is:
{

nm = 1; pm = z · λ if z ≥ z̊

nm = 1
2

[

c−λ(1−z)
λ(2z−1)

]

; pm = 1
2
[c+ λ(1− z)] if z < z̊,

(14)

which is identical to the one obtained for SCEA (Eq. 11). This is because
under MVBP the price per unit of effectiveness (λ) corresponds to the ICER
threshold under SCEA, meaning that, given n, the product will be always
cost-effective at the margin (i.e. for the last stratum treated, in a discrete
framework). Hence, under our assumptions, the fact that under SCEA the
firm sets n and under MVBP it sets p is irrelevant for the determination of
the equilibrium. This allows us to extend the results of Section 4 to MVBP:

Proposition 3 With Marginal Value-Based Prices, if the firm can decide

the size of the population to treat, the number of patients treated is ineffi-

ciently low, unless responses are sufficiently homogeneous across the eligible

population.

One argument in favour of MVBP is its ability to extract rent from the
producer. Our results show that this gain for the payer may come at the
price of static efficiency, due to a suboptimal size of the population treated
and a high price. Danzon et al. (2015) suggest that static and dynamic
efficiency could be enhanced with respect to MVBP if the payer could vary
prices by subgroup to reflect the specific level of effectiveness. This form
of price-discrimination is equivalent to a price based on the average value
of effectiveness for the population treated (Claxton, 2007). The efficiency
properties of a similar approach will be investigated in the following section,
whereas Section 7 will study its redistributive properties.

6 Average Value Based Prices

In this section, we consider the implications of introducing AVBP according
to the following sequence of actions:
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1. the regulator defines a pricing rule such that the price equals a fraction
ρ ∈ (0, 1] of the monetary value of the mean benefit of the treatment
within the population treated:

pa(n) =
ρλ

n

∫ n

0

[(1− z) + (2z − 1)s] ds. (15)

It is assumed that the regulator can commit to this rule.

2. Knowing the pricing rule, the firm sets n in order to maximize profits.

The problem solved by the firm is:

max
n

n(pa(n)− c) s.t. n ∈ [0, 1]. (16)

The equilibrium solution is:

{

na = 1; pa = λρ

2
if z ≥ c

ρλ

na = ρλ(1−z)−c

ρλ(1−2z)
; pa = 1

2
[c+ λρ(1− z)] if z < c

ρλ
.

(17)

It is easy to see that with ρ = 1, na = nfb. In other words, the regulator
can always implement a solution involving an efficient size of the population
to treat, even when the decision on the breath of the indication is decided by
the firm, by setting the price equal to the average monetary value of benefit
for patients:

Proposition 4 With prices equal to the average value for the population

treated, the number of patients treated is efficient, irrespective of the degree

of heterogeneity in the population.

A price equal to the average value means that the whole rent is left to
the firm, which in turn implies dynamic efficiency (see e.g. Tirole (1988)).
Hence, this situation ensures both static and dynamic efficiency.

In the FB, the whole eligible population is treated if z > c
λ
. Therefore,

when z is sufficiently large, it is possible to ensure na = nfb even with values
of ρ smaller than one. This observation will be developed further in the next
section.
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7 Distributional issues

The analysis of distributional issues is closely related to some key aspects of
the policy debate. On the one hand, there is growing pressure on insurers
to keep prices as low as possible and curb health care expenditure. On the
other hand, the concern that this may jeopardize incentives for the industry
to invest in R&D to bring further innovation to the market in the future (dy-
namic efficiency) is also growing (Giaccotto et al., 2005; Civan and Maloney,
2009; Blind, 2012).

In the three previous sections we focussed on static efficiency and showed
that a FB solution can be achieved with SCEA and MVBP only when the
response to the treatment is sufficiently homogeneous, whereas it is always
achievable with AVBP. In both cases, there are constraints that the price
must satisfy for the FB solution to be achieved. In this section, we investi-
gate how surplus is distributed between firm and payer under the alternative
regulatory frameworks in those situations where an efficient solution can be
achieved. According to Eq. 5, the FB prices, unlike the FB population sizes,
depend on α. The question we aim to answer in this section is: for which
values of α are those prices equal to the equilibrium prices obtained for the
different schemes, conditional upon achieving a FB solution? This is going to
inform about dynamic efficiency implications of FB solutions implemented
through the three regulatory schemes.

7.1 Stratified cost-effectiveness analysis and marginal

value-based prices

Given that SCEA and MVBP lead to the same equilibrium, they can be
studied together. In this case, the firm is free to set p (under SCEA) or n

(under MVBP), given the rule announced by the regulator. The combination
of Eq. 5, 11 and 14 means that a FB is achieved if and only if z ≥ z̊; the
corresponding price is p = z · λ. By equating this price to the FB price
for this range of values of z (first line of Eq. 5) it is possible to define the
corresponding value of α:

α̂ =
λ(2z − 1)

2c− λ
, (18)

which is linearly dependent and decreasing in z. In this case, there is a single
price compatible with the FB, meaning that there will also be a single value
of α = α̂. For z → 1

2
, α̂ → 0; for the minimum value of z compatible with a
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Figure 3: Ranges of values α corresponding to FB solutions under decen-
tralized solution (solid line) and VB prices (area between dashed lines), as a
function of z.

FB (z = z̊), α̂ = 1
3
. The relationship between α̂ and z is illustrated in Figure

3 (solid line). Note that α̂ is only defined for z > z̊, because a FB can only
be achieved in this range.

7.2 Average value-based prices

Let us define ρ̃ as the minimum value of ρ such that nvb = nfb. It follows
immediately from Eq. 17 and Eq. 5 that ρ̃ = 1 for z ≤ c

λ
. For z > c

λ
, all

values of ρ such that z ≥ c
ρλ

imply nvb = nfb = 1. Therefore,

ρ̃ =

{

c
λz

if z > c
λ

1 if z ≤ c
λ
.

(19)

The achievement of a FB with ρ < 1 means that, unlike in the case of
Section 7.1 and unlike with AVBP when heterogeneity is comparatively large,
there exists a range, not a single price, compatible with the FB. By replacing
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ρ̃ into pvb as defined in the first line of Eq. 17 and equating this to pfb as
defined in the first line of Eq. 5, it is possible to define α̃ as the maximum
value of α corresponding to a FB implemented through AVBP. In particular,
it can be shown that, for z > c

λ
,

α̃ =
c− λz

z(2c− λ)
. (20)

Eq. 20 shows that α̃ is strictly increasing in z for z > c
λ
and α̃ → 1 as z̃ → 1

2
.

This means that in the limit case of a perfectly homogeneous population,
the FB can be achieved even with a price equal to the marginal cost, i.e.
extracting the whole rent from the firm.

The situation is illustrated in Figure 3. The upper dashed line is α̃.
Recalling that ρ = 1, i.e. α = 0, always leads to a FB solution under
AVBP, the area between the two dashed lines defines the range of values of
α compatible with a FB. For z ≤ c

λ
, i.e. when heterogeneity in effectiveness

is comparatively large and it is efficient to treat only part of the population
(nfb < 1), this is only possible if α = 0. In the limit case of a perfectly
homogeneous population (z → 1

2
) the regulator can extract the whole rent

from the firm (α = 1).

Proposition 5 With average value-based prices, the fraction of surplus that

needs to be left to the firm to achieve efficiency is non-decreasing in the degree

of heterogeneity of patients.

It is interesting to see that over the range of values where both SCEA/MVBP
and AVBP lead to a FB solution, an increase in the degree of homogeneity (z
higher) has opposite effects in terms of rent distribution: in that case, more
homogeneity will be preferred by the regulator under AVBP, and by the firm
under SCEA/MVBP.

8 Conclusion

There seems to be growing attention toward the correlation between observ-
able patient characteristics and effectiveness of new treatments. This phe-
nomenon, which is also related to the rapid development of genomic medicine,
has both clinical and economic implications. On the economic side, this ten-
dency stimulated some research on the efficiency of common approaches to
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market access regulation, when effectiveness varies across sub-groups of pa-
tients.

We let the firm play an active role in defining either the price or the size
of the population to treat and study the resulting equilibria under SCEA and
MVBP. We show that, unless the population is sufficiently homogeneous, het-
erogeneity across patients provides the firm with monopolistic power, leading
to an equilibrium where the number of patients treated is inefficiently low.
Our model allows to generalize the result by Hawkins and Scott (2011) that
the outcome of SCEA is not Pareto efficient, and defines conditions under
which that result does not hold. In particular, we find that if the population
is sufficiently homogeneous, the number of patients treated with the new
technology is efficient.

We then study the properties of a value-based price based on the average
effectiveness in the population treated. We show that this tool is superior
to SCEA and MVBP in terms of static efficiency, because it allows for an
efficient number of patients treated, no matter what the degree of hetero-
geneity in the population is. However, when the population is sufficiently
heterogeneous, this can only be achieved if the whole rent is left to the firm.
This implies dynamic efficiency, but also a potential threat of higher expen-
diture for the payer. Whether it would be feasible to adjust the price to the
degree of heterogeneity in the population is an open question. However, our
model highlights a serious limitation of SCEA and MVBP in terms of static
efficiency when patients are heterogeneous and firms play a role in setting
prices or indications for new pharmaceutical products.

Overall, our results suggest that the degree of heterogeneity in the eligi-
ble population and firms’ optimal reactions cannot be neglected in assessing
efficiency and distributional implications of alternative regulatory schemes
for market access. Hopefully, the simple model proposed will be used and
further developed to investigate other schemes in addition to those discussed
so far and deployed by policy makers. The model could clearly be enriched to
take several additional aspects into account. For example, one could explic-
itly introduce R&D costs in early stages of a dynamic model of innovation
discovery, development and commercialization, or address the issue of who
benefits the most from the possibility of personalizing treatments.
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