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a b s t r a c t

Therapeutic reference pricing (TRP) of pharmaceuticals is widely thought to steer drug innovation
incentives away from ‘me-too’ innovations with little therapeutic benefit. However, the present
paper shows that, if the feasible scope for innovation is to develop drugs with different degrees of
differentiation from existing drugs within the same therapeutic class, TRP reduces innovating firms’
incentives for therapeutic differentiation and leads to entry of drugs that are less differentiated from the
existing drugs in the market. In this case, the pro-competitive effects of TRP are reinforced by changes
in innovation incentives. On the other hand, TRP leads to lower health benefits unless incentives for
therapeutic differentiation are excessively strong in the first place.

© 2022 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

The pharmaceutical industry is one of the most research in-
ensive, with annual spending on R&D totalling USD 114 billion
cross 33 OECD countries in 2018 (OECD, 2021a). Pharmaceuticals
lso constitute one of the largest components of total health
xpenditures, with a spending share that is increasing in many
ountries.1 A long-standing concern for policymakers is that the
industry allocates too much of its R&D spending on developing
drugs that yield only minor therapeutic gains compared with
existing alternatives, so-called ‘me-too’ drugs (González et al.,
2016).

Policymakers can in principle affect the incentives for ‘me-too’
ersus drastic innovation through the design of price regula-
ion and reimbursement schemes. In particular, reimbursement
chemes based on therapeutic reference pricing (TRP) are widely
hought to be a viable instrument to steer R&D investments more
owards drastic innovations (Garattini et al., 2007; Pekarsky,
010; Galizzi et al., 2011). The argument is fairly straightforward
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1 In 2019, retail pharmaceuticals accounted for one sixth of total health
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and has been formalised by Bardey et al. (2010). TRP has a pro-
competitive effect, yielding lower drug prices, for drugs that
belong to the same therapeutic cluster. All else equal, this reduces
the return to ‘me-too’ innovations and makes it relatively more
profitable to avoid therapeutic competition by developing drugs
for which there are no existing therapeutic alternatives.2 ,3

This argument relies, however, on the assumption that drastic
innovations constitute a feasible option. In reality, the vast ma-
jority (85–90 percent) of new drugs have little or no advantages
over existing therapeutic alternatives (Santos et al., 2019). In the
present paper I show that, if the relevant choices for an innovator
only consist of various degrees of differentiation from an exist-
ing drug within a given therapeutic category, then TRP has the
opposite effect: it shifts innovation incentives in the direction of
‘me-too’ innovations. This conclusion is based on a simple model
where an innovating firm faces the following basic trade-off: by
spending more resources on R&D, it can enter the market with
a drug that is more therapeutically differentiated from existing
drugs, which dampens the intensity of price competition. The
marginal gain from such differentiation depends, however, on the
price elasticity of demand. TRP makes demand more price elastic,
which reduces the incentives for differentiation. In equilibrium,
this leads to entry of new drugs that are less differentiated

2 However, the empirical evidence on the relationship between TRP and R&D
nvestments is lacking (Wettstein and Boes, 2019).
3 See also Bardey et al. (2016), who study how drug reimbursement rules
ffect producers’ entry decisions in a horizontal differentiation framework.
rticle under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

https://doi.org/10.1016/j.econlet.2022.110945
https://www.elsevier.com/locate/ecolet
http://www.elsevier.com/locate/ecolet
http://crossmark.crossref.org/dialog/?doi=10.1016/j.econlet.2022.110945&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:o.r.straume@eeg.uminho.pt
https://doi.org/10.1016/j.econlet.2022.110945
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


O.R. Straume Economics Letters 222 (2023) 110945

f
T
o
i
b

2

w
e
m
o
0

w

d
R
i
t
i
s
l
l

m

t

π

m
f

q

t

rom the existing ones. In this case, the price-reducing effects of
RP are reinforced by its effect on innovation incentives. On the
ther hand, the effect on total health benefits is negative unless
ncentives for therapeutic differentiation are socially excessive to
egin with.

. Model

Consider a therapeutic market for on-patent prescription drugs
here patients are uniformly distributed on [0, 1] with total mass
qual to one, and where each patient needs one unit of drug treat-
ent. There are two available drugs in the market, each located
n the same unit line. An incumbent drug, denoted I , is located at
, while a new entrant, denoted E, is located at y > 0. Differences

in patient and drug locations reflect heterogeneity in therapeutic
responses, in the sense that the therapeutic benefit of a particular
drug treatment is higher if the patient is located closer to the
drug. The degree of therapeutic differentiation between the two
drugs is therefore captured by the Euclidean distance between
them, given by y.

A patient’s utility of a particular drug treatment is assumed
to be given by therapeutic benefits net of patient copayments. In
case of a perfect match between a patient and a particular drug,
the therapeutic benefit is given by v. Otherwise, this benefit is de-
flated by therapeutic mismatch costs that are convexly increasing
in the Euclidean distance between the drug and the patient. The
utility of a patient located at x and prescribed drug i, located at
zi (where zI = 0 and zE = y), is thus given by

ui (x) = v − t (x − zi)2 − ci, (1)

where the parameter t > 0 measures the relative importance of
therapeutic mismatch, and ci is the patient copayment for drug i.

Patient copayments depend on the reimbursement scheme.
Suppose that patients pay a share α ∈ (0, 1) of the drug price
as long as this price does not exceed a threshold level r . Any
positive difference between the drug price and this threshold has
to be paid in full by the patient. Let pi be the price of drug i. If
pE ≥ pI , which will later be shown to hold in equilibrium, patient
copayments are given by

cI = αpI and cE = αr + pE − r. (2)

Suppose also that r is a function of the two drug prices in the
market, such that

r = βpI + (1 − β) pE, (3)

where β ∈ [0, 1].
The above described drug reimbursement scheme corresponds

to therapeutic reference pricing (TRP) for all β ∈ (0, 1], where r is
the reference price and β measures the strictness of the reference
pricing scheme. If β = 1, the reference price is defined as the
price of the cheapest drug in the market, which is a fairly common
practice in real-world reference pricing schemes. The special case
of β = 0 captures an alternative reimbursement scheme, namely
fixed percentage reimbursement, where ci = αpi, i = I, E, which
ill be used as a benchmark for comparison.
I assume that the location of the new drug, and thus the

egree of therapeutic differentiation, results from a deterministic
&D process where it is more costly to develop a drug that
s more therapeutically differentiated from the existing drug in
he market. More specifically, I assume that the cost of drug
nnovation is given by a function φ (y), which is increasing and
trictly convex for y ∈

[
y, 1

]
, where y > 0. We can think of the

ower bound y as the threshold for patent infringement, such that
ocations in the interval

[
0, y

)
are not feasible.

Finally, I assume that each drug is produced by a profit-
aximising pharmaceutical firm, and, for simplicity, that variable
2

production costs are zero. Post-innovation profits for drug i are
herefore given by

i = piqi, i = I, E. (4)

The firms are assumed to play the following two-stage game: (i)
the innovator chooses how much to therapeutically differentiate
its new drug from the existing one, measured by y, before (ii) the
two firms compete in prices.

3. Therapeutic competition

For a given degree of therapeutic differentiation, y, utility-
aximising drug prescription choices yield the following demand

unctions for the two drugs4:

I =
y
2

+
cE − cI
2ty

and qE =
2 − y
2

+
cI − cE
2ty

, (5)

where cI and cE are given by (2)–(3), and the equilibrium drug
prices in the post-innovation subgame are found to be given by5

pI =
(2 + y) ty

3 (α + (1 − α) β)
and pE =

(4 − y) ty
3 (α + (1 − α) β)

. (6)

The corresponding equilibrium drug demand is

qI =
1
3

+
y
6

and qE =
2
3

−
y
6
, (7)

and the post-innovation profits are

πI =
(2 + y)2 ty

18 (α + (1 − α) β)
and πE =

(4 − y)2 ty
18 (α + (1 − α) β)

. (8)

It is easily verified that the new drug has both higher price
and higher demand than the incumbent drug, which in turn
makes it more profitable. This reflects the therapeutic advantage
of the new drug; i.e., drug E yields a higher therapeutic benefit
than drug I for a majority of the patients as long as y < 1.
Furthermore, increased therapeutic differentiation dampens price
competition and leads to higher prices and profits for both drugs
(i.e., ∂pi/∂y > 0 and ∂πi/∂y > 0). This is true under fixed
percentage reimbursement (β = 0) and under TRP (β > 0).

Since prices and profits are monotonic in β , the qualitative
effects of TRP on the equilibrium outcome can easily be assessed
by considering a marginal increase in β . From (6)–(8), it follows
that
∂pi
∂β

< 0,
∂qi
∂β

= 0,
∂πi

∂β
< 0, i = I, E. (9)

Thus, TRP intensifies drug price competition and leads to lower
prices and profits. These are well-known short-run effects, caused
by the following mechanism. Reference pricing makes drug de-
mand more price elastic for prices above the reference price,
which gives the producer of the high-priced drug an incentive to
reduce its price. It also gives the producer of the low-priced drug
an incentive to reduce its price, since this will increase the patient
copayment for the competing drug through a reduction in the
reference price. The resulting effect is a price reduction for both
drugs.6 Notice, however, that the price reduction is larger for the
high-priced drug, such that the copayment difference, and thus

4 The therapeutic benefit parameter v is assumed to be sufficiently large such
hat the market is always fully covered.
5 The equilibrium is derived under the assumption that pI ≤ r ≤ pE , which

holds in equilibrium. It is straightforward to verify that neither firm has any
incentive to unilaterally deviate from this equilibrium in a way that implies
pI > pE .
6 These first-order price effects are also reinforced by second-order effects

due to prices being strategic complements.
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emand, remains unchanged, which in turn implies that total
ealth benefits are also unaffected. Thus, for a given value of y,
he only effect of TRP is to shift profits from pharmaceutical firms
o patients and insurers.

. Drug reimbursement and innovation incentives

How does the reimbursement scheme affect drug innovation
ncentives? Suppose that the insurer is able to commit to a par-
icular reimbursement policy, such that the innovation decision
s made under the expectation that the reimbursement scheme
emains constant. Suppose also that the properties of φ (y) is such
hat the subgame perfect Nash equilibrium outcome is an interior
olution at the innovation stage, i.e., that the optimal location of
he new drug is given by y∗

∈
(
y, 1

)
. This optimal location is then

mplicitly given by

∂πE

∂y
= φ′

(
y∗

)
, (10)

and it easily verified that ∂2πE/∂y2 < 0 for y ∈
(
y, 1

)
and

β ∈ [0, 1]. The effect of TRP on innovation incentives, i.e., the
sign of ∂y∗/∂β , is then given by the sign of⏐⏐⏐⏐ ∂2πE

∂β∂y

⏐⏐⏐⏐
y=y∗

= −
(1 − α) (4 − y∗) (4 − 3y∗) t

18 (α + (1 − α) β)2
< 0, (11)

hich establishes my first main result:

roposition 1. Compared with a drug reimbursement scheme based
n fixed percentage reimbursement, therapeutic reference pricing
hifts drug innovation incentives in the direction of more ‘me-too’
nnovations.

Since TRP intensifies price competition, one would perhaps
xpect that innovating firms would have an incentive to coun-
eract this effect by differentiating their new drugs more from
he existing ones in order to dampen price competition, but this
s not true if it is not possible to escape therapeutic competition
ltogether. On the contrary, TRP will in this case give innovating
irms an incentive to differentiate less; i.e., it will shift inno-
ation incentives in the direction of more ‘me-too’ innovations.
he reason is that the marginal profit gain of differentiation is
nversely related to the price elasticity of drug demand. A higher
egree of differentiation has an anti-competitive effect under
oth reimbursement schemes, but, because of the higher price
lasticity under TRP, there is simply less room for the innovating
irm to increase its price in response to more differentiation than
hat is the case under the benchmark reimbursement scheme.
onsequently, the incentives for therapeutic differentiation are
eaker.
The result in Proposition 1 has some further implications

orth mentioning. First, since ∂pi/∂y > 0 and ∂πi/∂y > 0, for
= I, E, the innovation incentives reinforce the pro-competitive
ffects of TRP, leading to even lower prices and profits than
hat a static analysis would suggest. However, these innovation

ncentives also imply a potential welfare trade-off. For a given
egree of therapeutic differentiation, the total health benefits in
he post-innovation equilibrium are given by

(y) =

∫ 1
3 +

y
6

0

(
v − tx2

)
dx +

∫ y

1
3 +

y
6

(
v − t (y − x)2

)
dx

+

∫ 1

y

(
v − t (1 − x)2

)
dx

= v −
t

+
(8 − 5y) (4 − y) ty

, (12)

3 36

3

implying that

∂H/∂y > 0 if y <
4
(
7 −

√
19

)
15

≈ 0.7. (13)

Thus, as long as the degree of therapeutic differentiation is not
too large, a lower degree of differentiation leads to a loss in total
health benefits.

Proposition 2. Compared with a drug reimbursement scheme based
on fixed percentage reimbursement, the price-reducing effects of
therapeutic reference pricing are reinforced by changes in inno-
vation incentives. On the other hand, when innovation incentives
are taken into account, therapeutic reference pricing leads to lower
health benefits unless the incentives for therapeutic differentiation
are excessively strong to begin with.

5. Concluding remarks

Contrary to conventional wisdom, therapeutic reference pric-
ing (TRP) does not necessarily shift drug innovation incentives
away from ‘me-too’ innovations. In situations where the feasible
scope for innovation is to develop drugs with different degrees of
therapeutic differentiation from existing drugs within the same
therapeutic class, TRP reduces innovating firms’ incentives for
therapeutic differentiation and leads to entry of drugs that are less
differentiated from the existing drugs in the market. The reason is
that the marginal gain of therapeutic differentiation is negatively
correlated with the price elasticity of drug demand, which is
higher under TRP. This is a mechanism that generalises beyond
the present model. My analysis here is based on a model of ther-
apeutic competition in a Hotelling framework, which is common
in the literature (e.g., Miraldo, 2009; Brekke et al., 2022), but
the main results would be qualitatively similar in an equivalent
model based on a vertical differentiation framework.7

Data availability

No data was used for the research described in the article.

References

Bardey, D., Bommier, A., Jullien, B., 2010. Retail price regulation and innovation:
reference pricing in the pharmaceutical industry. J. Health Econ. 29, 303–316.

Bardey, D., Jullien, B., Lozachmeur, J.-M., 2016. Health insurance and diversity of
treatment. J. Health Econ. 47, 50–63.

Brekke, K.R., Dalen, D.M., Straume, O.R., 2022. Paying for pharmaceuticals:
uniform pricing versus two-part tariffs. J. Health Econ. 83, 102613.

Galizzi, M.M., Ghislandi, S., Miraldo, M., 2011. Effects of reference pricing in
pharmaceutical markets: a review. Pharmacoeconomics 29, 17–33.

Garattini, L., Cornago, D., De Compradi, P., 2007. Pricing and reimbursement of
in-patent drugs in seven European countries: a comparative analysis. Health
Policy 82, 330–339.

González, P., Macho-Stadler, I., Pérez-Castrillo, D., 2016. Private versus social
incentives for pharmaceutical innovation. J. Health Econ. 50, 286–297.

Miraldo, M., 2009. Reference pricing and firms’ pricing strategies. J. Health Econ.
28, 176–197.

OECD, 2021a. Pharmaceutical research and development. In: Health at a Glance
2021: OECD Indicators. OECD Publishing, Paris.

OECD, 2021b. Pharmaceutical expenditure. In: Health at a Glance 2021: OECD
Indicators. OECD Publishing, Paris.

Pekarsky, B., 2010. Should financial incentives be used to differentially reward
‘me-too’ and innovative drugs? Pharmacoeconomics 28, 1–17.

Santos, A.S., Guerra-Junior, A.A., de Sousa Noronha, K.V.M., Andrade, M.V.,
Ruas, C.M., 2019. The price of substitute technologies. Value Health Reg.
Issues 20, 154–158.

Wettstein, D.J., Boes, S., 2019. Effectiveness of national pricing policies for patent-
protected pharmaceuticals in the OECD: a systematic literature review. Appl.
Health Econ. Health Policy 17, 143–162.

7 Details are available upon request.

http://refhub.elsevier.com/S0165-1765(22)00419-0/sb1
http://refhub.elsevier.com/S0165-1765(22)00419-0/sb1
http://refhub.elsevier.com/S0165-1765(22)00419-0/sb1
http://refhub.elsevier.com/S0165-1765(22)00419-0/sb2
http://refhub.elsevier.com/S0165-1765(22)00419-0/sb2
http://refhub.elsevier.com/S0165-1765(22)00419-0/sb2
http://refhub.elsevier.com/S0165-1765(22)00419-0/sb3
http://refhub.elsevier.com/S0165-1765(22)00419-0/sb3
http://refhub.elsevier.com/S0165-1765(22)00419-0/sb3
http://refhub.elsevier.com/S0165-1765(22)00419-0/sb4
http://refhub.elsevier.com/S0165-1765(22)00419-0/sb4
http://refhub.elsevier.com/S0165-1765(22)00419-0/sb4
http://refhub.elsevier.com/S0165-1765(22)00419-0/sb5
http://refhub.elsevier.com/S0165-1765(22)00419-0/sb5
http://refhub.elsevier.com/S0165-1765(22)00419-0/sb5
http://refhub.elsevier.com/S0165-1765(22)00419-0/sb5
http://refhub.elsevier.com/S0165-1765(22)00419-0/sb5
http://refhub.elsevier.com/S0165-1765(22)00419-0/sb6
http://refhub.elsevier.com/S0165-1765(22)00419-0/sb6
http://refhub.elsevier.com/S0165-1765(22)00419-0/sb6
http://refhub.elsevier.com/S0165-1765(22)00419-0/sb7
http://refhub.elsevier.com/S0165-1765(22)00419-0/sb7
http://refhub.elsevier.com/S0165-1765(22)00419-0/sb7
http://refhub.elsevier.com/S0165-1765(22)00419-0/sb8
http://refhub.elsevier.com/S0165-1765(22)00419-0/sb8
http://refhub.elsevier.com/S0165-1765(22)00419-0/sb8
http://refhub.elsevier.com/S0165-1765(22)00419-0/sb9
http://refhub.elsevier.com/S0165-1765(22)00419-0/sb9
http://refhub.elsevier.com/S0165-1765(22)00419-0/sb9
http://refhub.elsevier.com/S0165-1765(22)00419-0/sb10
http://refhub.elsevier.com/S0165-1765(22)00419-0/sb10
http://refhub.elsevier.com/S0165-1765(22)00419-0/sb10
http://refhub.elsevier.com/S0165-1765(22)00419-0/sb11
http://refhub.elsevier.com/S0165-1765(22)00419-0/sb11
http://refhub.elsevier.com/S0165-1765(22)00419-0/sb11
http://refhub.elsevier.com/S0165-1765(22)00419-0/sb11
http://refhub.elsevier.com/S0165-1765(22)00419-0/sb11
http://refhub.elsevier.com/S0165-1765(22)00419-0/sb12
http://refhub.elsevier.com/S0165-1765(22)00419-0/sb12
http://refhub.elsevier.com/S0165-1765(22)00419-0/sb12
http://refhub.elsevier.com/S0165-1765(22)00419-0/sb12
http://refhub.elsevier.com/S0165-1765(22)00419-0/sb12

	Therapeutic reference pricing and drug innovation incentives
	Introduction
	Model
	Therapeutic competition
	Drug reimbursement and innovation incentives
	Concluding remarks
	Data availability
	References


