
The  ro
appro

Katalin
Darius 

a Precision H
b University
c Eli Lilly & C

a  r  t  i  c

Article histo
Received 15
Received in
28 Novemb
Accepted  2 

Available on

Keywords:
Surrogate e
Drug  appro
Drug  reimb

1. Introd

Uncer
when it c
medicine
much and
world eff
reimburs
much an
approval 

healthcar
which th

Health
issues fro
et al. uti
tion theo
informati
gies (Clax
researche

∗ Corresp
E-mail a

http://dx.do
0167-6296/
4.0/).
Journal of Health Economics 51 (2017) 1–12

Contents lists available at ScienceDirect

Journal  of  Health  Economics

jo ur nal homep age: www.elsev ier .com/ lo cate /econbase

le  of  imperfect  surrogate  endpoint  information  in  drug
val  and  reimbursement  decisions

 Bognara, John  A.  Romleyb, Jay  P.  Baec,  James  Murrayc, Jacquelyn  W.  Choua,
N.  Lakdawallab,∗

ealth Economics, Los Angeles, CA, United States
 of Southern California, Los Angeles, CA, United States
ompany, Indianapolis, IN, United States

 l  e  i  n  f  o

ry:
 December 2015

 revised form
er 2016
December 2016
line 11 December 2016

a  b  s  t  r  a  c  t

Approval  of  new  drugs  is  increasingly  reliant  on  “surrogate  endpoints,”  which  correlate  with  but  imper-
fectly  predict  clinical  benefits.  Proponents  argue  surrogate  endpoints  allow  for  faster  approval,  but  critics
charge  they  provide  inadequate  evidence.  We  develop  an  economic  framework  that addresses  the  value
of  improvement  in the predictive  power,  or “quality,”  of surrogate  endpoints,  and  clarifies  how  quality
can  influence  decisions  by  regulators,  payers,  and  manufacturers.  For  example,  the  framework  shows
how  lower-quality  surrogates  lead to  greater  misalignment  of  incentives  between  payers  and  regulators,
ndpoints
val
ursement

resulting  in  more  drugs  that  are  approved  for use  but  not  covered  by  payers.  Efficient  price-negotiation  in
the  marketplace  can help  align  payer incentives  for  granting  access  based  on surrogates.  Higher-quality
surrogates  increase  manufacturer  profits  and  social  surplus  from  early  access  to  new  drugs.  Since the
return  on  better  quality  is shared  between  manufacturers  and  payers,  private  incentives  to  invest  in
higher-quality  surrogates  are  inefficiently  low.

©  2016  The  Author(s).  Published  by Elsevier  B.V.  This  is an open  access  article  under  the CC
NC-N
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tegies for making sound healthcare reimbursement deci-
the presence of uncertainty about clinical benefit. For

 concepts of “conditional reimbursement” have been
d that allow payers to reimburse technologies on the basis
inary data and to revisit those decisions once more defini-
arrive. While such strategies are not quite commonplace,

 growing body of evidence on when and how to deploy
st successfully (Carlson et al., 2010; Niezen et al., 2007).
searchers have analyzed the problem of decision making

esence of incomplete information about clinical benefit,
et participants have begun to devise strategies for making

 under limited information (Claxton et al., 2001; Claxton,
axton et al., 2015; Claxton et al., 2012; Claxton et al., 2016;
t al., 2002; Eckermann and Willan, 2007; Eckermann and
008; Griffin et al., 2011; Hutton et al., 2007).

 same time, however, discomfort is growing among clin-
d payers about what they see as a slow but inexorable

 the quality of information about new medical technolo-
easingly, new medical technologies are brought to market
sis of so-called “surrogate endpoint” data. For example,
rugs are often approved based on evidence that drugs
progression-free survival,” defined as the number of addi-

onths or years until a patient’s cancer progresses to a
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ere stage. Even though progression-free survival might
trinsically valuable to patients, it appears to be corre-
h actual survival in several important cases. (Michiels
16; Shafrin et al., 2016; Beauchemin et al., 2014) Thus,
on-free survival is used as a surrogate for, or correlate of,
me patients care about most. A similar example is the use
nsity lipoprotein cholesterol (LDL-C) levels as a surrogate

 for cardiovascular mortality (Smith, 2015).
, drugs to treat high cholesterol as well as cancer have
roved on the basis of these “surrogate endpoints.” The
rrogates allows new drugs to be tested and approved
ckly and more cheaply. For example, it takes longer for a
r to observe the time it takes a cancer patient to die than
e the time it takes for their disease to progress. Thus, it
e longer to field a clinical trial measuring life expectancy
ression-free survival. Similarly, changes in LDL-C choles-

manifest far before cardiovascular deaths due to elevated

e of surrogate endpoints continues to grow. For example,
od and Drug Administration (FDA) relied on surrogate

s in approving roughly 16 drugs per year over 2010–2014
 and Drug Administration, 2015), versus roughly 6 drugs
over 1998–2008 (US Government Accountability Office,
is is perhaps to be expected as a result of progress

ine. For example, if cancer patients have few treatment
nd expect to die within months, researchers can mea-

l life-span more rapidly. If, however, patients live a long
n taking currently available drugs, investigators become
ling to tolerate the limitations of surrogate endpoints, in

 for a substantially shorter or cheaper clinical trial. Malani
son have identified this phenomenon of medical progress

t harder and more expensive to conduct clinical trials
nd Philipson, 2011).
dless of its underlying causes, the rise of surrogate end-
s drawn considerable criticism charging that evidence of
ent in a surrogate endpoint should not be used to justify a

ut the effectiveness of a drug at improving patient health
t al., 2015; Fleming and DeMets, 1996; Kim and Prasad,

 and Prasad, 2015). Since surrogates are imperfectly cor-
ith the final outcomes of interest, surrogate endpoint
on provides weaker evidence of the benefit value than
d” or final outcome evidence. Yet surrogate endpoints also
ugs to reach patients in need more quickly and potentially
aply.
mic analysis can help shed some new light on this contro-
onomists will readily recognize how these issues relate
sts and benefits associated with higher quality infor-
riffin et al., 2011). We  use standard economic tools to

straightforward and systematic framework for studying
er quality” surrogate endpoint evidence changes decision
bout healthcare technology. In particular, this paper pro-
actable model that: (i) characterizes the benefits of higher
urrogate endpoints; (ii) identifies the privately optimal
cisions of payers and regulators operating on the basis

fect surrogate endpoint information; (iii) describes the
 between manufacturer price negotiations and the use of

 information; and (iv) assesses the social value of improv-
ation quality, in light of the optimal strategies pursued

, regulators, and manufacturers.
l important lessons emerge. First, we show that lower

urrogate endpoints that are less predictive of final out-
ould lead regulators, payers, and social planners to
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lue from any given, newly developed drug. This in turn
ore denials of early access and fewer new drug introduc-

d, from a policy perspective, we show that regulators
an inefficiently high number of new therapies while pay-
urse too few, a phenomenon that would occur even with
ndpoints.” While regulators and payers both value clinical

to patients, regulators fail to consider the economic cost
herapy, and payers focus on the price of therapy instead
er marginal cost of production. However, lower quality
s worsen these two sources of inefficiency. Payers over-
oise in the surrogate by demanding too much additional

 of benefit because they fail to internalize the full ben-
owing more drugs on the market. In contrast, regulators
ct by failing to tighten evidence requirements sufficiently
hey fail to recognize the full benefit of reducing the num-
ugs that come to market. A practical implication of this
that payers and regulators are most likely to disagree on

en surrogates are of low quality, resulting in lower prices
acturers or reduced market access. Conversely, improving
ty of surrogates creates better alignment between payers
lators when it comes to decisions about drug approval and
ement.

 pricing and information processing decisions are con-
hen price-bargaining between payers and manufacturers

tly efficient, payers make socially efficient decisions
 access to new drugs. Under these circumstances, the
lus earned jointly by payers and manufacturers reflects

ocial surplus. Under efficient Nash-bargaining, payers and
urers first maximize this joint surplus and then negotiate

 to divide it. Therefore, pricing efficiency results in social
aximization, which in turn produces efficient use of the

 surrogate endpoint information. Thus, an efficient pricing
elps remediate failures in the way information is pro-
rom a practical standpoint, inefficiencies in drug pricing
-bargaining are numerous and widespread. However, our
uggests an additional benefit of mitigating these common
cies.
, we  show that greater quality in surrogate endpoints

manufacturers and payers. This circumstance leads to a
e-riding problem in which no single party has the incen-

ndertake sufficient investments in improved quality. As
of free-riding, the benefits of improved surrogates will
sts on the margin. Therefore, some degree of public-sector
nt or subsidies for investment is called for to improve the
f available surrogate endpoints.

 focused primarily on surrogate endpoints, our analysis
es to the broader literature on the reliability of informa-
t the benefit of new technologies. For example, clinical
easured in clinical trials may  not faithfully represent the

ness” that will ultimately accrue to real-world patients
trials are conducted under constrained conditions, such
sive monitoring or mitigation of safety issues or adverse
oares et al., 2005). Outcomes in true real-world circum-
ight vary from idealized randomized trial effects (Claxton
5).
udy grows out of the decision-theoretic research that has

 to provide a framework for evaluating the imperfect evi-
ailable for informing adoption decisions (Claxton et al.,
s efforts to improve regulatory efficiency and decrease
costs continue, regulators are increasingly faced with

t information, one particular form being surrogate end-

laxton et al., 2016; McKenna et al., 2015). Under such
ty, value of information analysis is particularly salient in

making (Claxton et al., 2005; Claxton et al., 2002; Griffin
1). Regulators must consider a range of competing issues:
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bility in clinical trials, and a requirement of statistical signif-
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ty regarding the drug’s potential for harm; the cost to
of less timely access to beneficial new medicines; and
r difficulty of reversing their adoption decisions (Claxton
6; Eckermann and Willan, 2007; Eckermann and Willan,
ithin the economic literature on drug regulation, Manski
gues that imperfect clinical evidence calls for an adap-
r than an “all-or-nothing” approach by the FDA (Manski,

scusi and Zeckhauser (2015) have analyzed how cognitive
use regulators to respond less than optimally to uncer-
out clinical evidence (Viscusi and Zeckhauser, 2015). Our
s in how varying the quality of clinical evidence changes

 and socially optimal decisions made by regulators, payers,
facturers when access and pricing are based on surrogate

 information.
tudy is organized as follows. In Section 2, we  present
omic environment that we study theoretically. Section
es our model of socially and privately optimal decision
bout drug access in the presence of surrogate endpoints.

 characterizes the solution for regulators, payers, and the
nner, and assesses the efficiency of regulator and payer
. In Section 5, we describe the implications of information
r manufacturer pricing behavior and the division of value
manufacturers and payers. Section 6 summarizes the pol-
ations of all our analyses. Section 7 presents a few salient
ies illustrating several outcomes predicted by the model
ests directions for future empirical research, and Section
es.

mic environment

er  a new drug with uncertain clinical benefit. There exists
 endpoint evidence of benefit, which is correlated imper-
h the true benefit that patients value. A regulatory body
ide whether to approve this drug on the basis of the sur-
dpoint information, or whether to wait for final outcome
ich will take longer to produce. If the drug is approved
tors, the manufacturer must decide how to price it, and
ed to determine whether they should cover the drug and
t to enrollees, before the final outcome data is available.

 and manufacturer decisions are again based on surrogate
 information.
istinguish between “regulators,” who focus solely on
g or rejecting drugs without actually paying for them, and

 who must pay for drugs and decide whether to cover
 instance, the Food and Drug Administration (FDA) is the

 in the US, the European Medicines Agency (EMA) is the
 in Europe, and payers could be private insurance com-
r public payers like Medicaid or the United Kingdom’s
Health Service.

 setup, a favorable decision will be analogous to the
l with research” recommendation used by the National
for Health and Clinical Excellence in the UK (Longworth
3), and also analogous to the comparison of “adopt and

 “delay and trial” strategies found in the broader literature
nn and Willan, 2007; Eckermann and Willan, 2008).
w therapy provides patients the true benefit, B, a random
ith a well-defined mean and variance. For simplicity, we

 benefit as one-dimensional. Our theoretical results do
me a particular type of true benefit since decision makers
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 on the true or “final” benefit becomes available. Benefits
 comparison to the existing standard of care, or relative

o.
riables B and BSE follow some joint distribution for a given
rea and/or mechanism of action. We  are especially inter-
he distribution of B, conditional on the realized value of
conditional density proves to be key, and is denoted as

ators, payers, and manufacturers are all assumed to know
 and conditional distributions of B and BSE , so there is

etric information. The conditional density is based on
cal and scientific knowledge in the disease area and drug
m of action, and reflects the predictive power of the sur-
dpoint with respect to the final outcome. Note that this
e power varies both by surrogate/final outcome pairs as
y disease area. For example, blood pressure and LDL-C
dered strong predictors of acute myocardial infarction,
d cardiovascular death (Ingelsson et al., 2007). Viral load

ered a weaker predictor of outcomes for patients suffer-
viral diseases (Medicare Payment Advisory Commission,
ogression-free survival is a stronger predictor of overall
n breast cancer (Michiels et al., 2016; Beauchemin et al.,
n in gastric cancer (Paoletti et al., 2013).
s of prediction, we  formally assume that the strict mono-

ihood ratio property (MLRP) applies to the density of the
ome conditional on the surrogate benefit. Thus, a drug
ger surrogate endpoint benefit is more likely to produce a
al outcome benefit. Effectively, this assumption ensures
ogate endpoint improvement is always valuable to the
r on the margin. MLRP is a frequently imposed condition in
ion economics and in contract theory (Athey, 2002; Bolton
atripont, 2005; Mas-Colell et al., 1995). In this context, we

ing that a drug with a greater surrogate benefit is viewed
ffective than an otherwise identical drug with a smaller

 benefit.
ish to analyze the decisions made when the surrogate end-
efit has been realized but the final outcome value has

. This is the salient period for approval, coverage, and ini-
g decisions. Intrinsically, surrogate endpoints are used

ircumstances when they can be collected more quickly
final outcome. (If surrogates were more difficult to collect
rfectly correlated with the final outcome, there would
son to collect them.) Both the regulator and the payer
ptimal decision rules for “early access,” that is, approval

 of the drug for patient use and coverage as a function of
ved surrogate endpoint improvement. We  refer to this

 level of improvement as the surrogate “signal.” Fig. 1
the decision tree that illustrates the timing of the regulator
r decisions about early access; the drug manufacturer also
s an initial price based on the surrogate endpoint informa-
e terminal stage, decision makers revisit decisions about

ess and could, for example, eliminate access to a drug for
e final outcome evidence proves unfavorable. To focus our
n key results, early access is assumed not to affect optimal
cisions in the terminal stage; we return to this assumption
clusion.

uanced issue is that the surrogate endpoint is itself mea-
th error in a clinical trial. Our analysis here makes the
ng assumption that the surrogate endpoint benefit is mea-
me that the univariate as well as the joint density functions are contin-
 differentiable and strictly positive.
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t is large. It is straightforward in principle to incorporate
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nces explained below, greater uncertainty can promote
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vb − p, where p is the reimbursement price. Some payers
initial coverage decision based on the final outcome ben-
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ould be the UK’s National Health Service. Other payers
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 fundamental assumption here — depending on the par-
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orth of weight on a dollar of production cost, or that the
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 a regulator (and social planner) would approve, reinforc-

 result in Section 3. It is also possible that the “surrogate
” is valuable to the patient in and of itself, independent of
edicts the final endpoint. For example, disease progres-

 be a surrogate for patient survival, but patients may  also
elay progression, independent of survival benefits. If this
e, the marginal benefit of increases in the surrogate will

 than what we  model, all else equal.
cting from these issues, the alternative perspectives on
y from treatment with a new drug with final outcome

 can be summarized as follows:

) = vb (1)

) = vb − p
)

 the subscripts r, p, and s refer to the regulator, payer and
nner, respectively. It will be convenient below to con-

unds not to grant access to a drug that was approved by the EMA. As
r in this section, we include costs in a payer’s utility function.
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 general utility function u (b; p, c),  which nests the three
ves above as special cases.

s decisions

lator that is weighing whether to approve a drug before
ome evidence is available from a clinical trial, based on a

 endpoint signal of a particular strength, will face one of
bilities: (1) the drug ends up being non-inferior to a com-
herapy, so that incremental benefit is non-negative (b ≥

 the drug is inferior to a comparator therapy (b < 0). The
’s expected utility from early approval can be expressed
of these two kinds of outcomes:
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stand for expected

d probability conditional on the event that the surro-
oint signal is bSE (formally, E

[
ur (B; p, c) |BSE = bSE

]
and

BSE = bSE
]
).

ted utility consists of a difference between two terms. The
 represents the expected upside from early approval of a

 proves to have positive final outcome benefit, weighted
lihood. The second term is the downside from a drug with
final outcome benefit.
yer faces an analogous but distinct trade-off in deciding

to cover a drug. From its standpoint, the two key cases are:
ug ends up being worth its price in terms of final outcome

ent, i.e., vb ≥ p; or (2) the drug ends up being worth less
rice, i.e., vb < p. The payer’s expected utility from early

 based on the surrogate signal can thus be expressed as:

, c) |bSE
]

=
(

E
[
vB − p|vB ≥ p, bSE

]
∗ Pr

[
vB ≥ p|bSE

])
(vB − p) |vB < p, bSE] ∗ Pr

[
vB < p|bSE

]
(3)

rst term is the upside from a drug with value exceed-
, and the second is the downside from a drug with price
g value. While a payer and a regulator face the same con-
ade-off, the way they perceive benefits and costs differs.
rence will lead to distinctive decision rules.
ow characterize private and social thresholds for drug

e MLRP assumption implies that the expected utilities
y access in Eqs. (2) and (3) are monotonically increasing
el of surrogate endpoint benefit. Thus, the optimal deci-

 for both regulators and payers are such that approval or
 will be granted if and only if the surrogate benefit signal
enough, that is, higher than a particular threshold value.
py will not be made available if the surrogate evidence is
e threshold, as shown in Fig. 2 for a regulator’s approval
The optimal thresholds for a regulator and a payer respec-
ximize the clinical benefits and net benefits in terms of
outcome benefit that can be expected according to the

 signal.
lly,  the general form of the problem faced by a decision
th objective function u (b; p, c) is

B; p, c) |bSE ≥ �
]
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� denotes the threshold for access.
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Fig. 2. Optimal approval decision for a regulator.

rmulation above treats the surrogate endpoint benefit as
n reality, it too is observed with error that depends on
ling variability in the trial. For the sake of comparison,
ing decision problem incorporates sampling variability
l SE:

ε

∫
R

u (b; p, c) f
(

b, bSE, ε
)

dbdbSEdε

 bSE is the true SE, ε is statistical noise, and the measured

 bSE + ε. This more complex problem is analyzed in the
, where we show that our key results from the simpler
ion continue to obtain, albeit without elegant closed-form
.
ing Leibniz’s rule to the problem without sampling vari-
e derivative of the objective function in Eq. (4) with

 the threshold is

b; p, c) f (b|�) db

⎞
⎠ fbSE (�) = −E [u (B; p, c) |�] fSE (�) (5)

ing  that fSE

(
bSE

)
is everywhere positive, the optimal

 �∗ satisfies the first-order condition:

 c) |�∗] = 0 (6)

iqueness of the optimum is ensured by the MLRP assump-
the social planner, the first order condition is

= c (7)

ver,  for the regulator, Eq. (6) becomes vE
[
B|BSE = �∗

r

]
= 0,

plies an inefficiently low approval threshold. Since the
nner places more weight on cost, the lower-threshold

 approves “too many” drugs based on surrogate endpoints.
ilar reasoning, a payer will demand a stronger surrogate
n the social planner before covering the drug, since the

imbursement price exceeds its production cost. Thus, a
roves “too few” drugs based on surrogate endpoints. This

ring of decision makers’ approval/coverage thresholds is

d in Fig. 3. Later, we describe how variation in the quality
ates influences the extent of inefficient over- and under-
.
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minants of access decision rules

ivately and socially optimal decision rules depend on var-
ors, including the quality of the surrogate endpoint in
g the final outcome benefit; prior expectations of sur-
d final outcome benefits; the value of a final outcome
nd the payer and social cost of treatment with a new drug.
explore how these factors affect decision making. In what
e assume joint normality of surrogate and final outcome

o obtain closed-form-expressions for access thresholds.

itional expected benefit under joint normality

l decision makers, utility is linear in its arguments, and
 utility depends on the expectation of the final outcome
nditional on the strength of the surrogate endpoint signal.
nt normality of the surrogate and final outcome benefits,
d result is that the conditional expectation of the final
benefit can be written as (Greene, 2012):

 E [B] + �
�B

�SE

(
bSE − E

[
BSE

])
, (8)

� is the correlation between the surrogate and final out-
efits, E [B] and E

[
BSE

]
are the expectations of each prior

l, and �SE and �B are their respective standard deviations.
surrogate signal turns out as expected

(
bSE = E

[
BSE

])
,

l has no information content, and the expected final out-
efit is simply its prior expectation. If the surrogate signal

 to be one unit above its expectation, this new and favor-
rmation predicts that the final outcome benefit will be
s higher, on average, than its own expectation. The term

eases in the strength of the correlation between the end-
d corresponds to the coefficient that would be obtained by
g final outcome benefits on surrogate endpoint benefits,
se that is designed to maximize predictive power. We refer
rm as the “quality” of the surrogate endpoint signal. For a
ality surrogate, one unit of improvement leads to a larger
evision in the expected final outcome improvement. In
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 for overall survival for breast tumors (Michiels et al.,
auchemin et al., 2014) than for gastric tumors (Paoletti
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egulator’s approval threshold

gulator will approve the drug if E
[
B|bSE

]
≥ 0. Applying

nd (8) to Eq. (6), this condition is equivalent to approving
th bSE ≥ �∗

r , where:

SE
]

− E [B]
� �B

�SE

(9)

 are two cases to analyze here, although the intuition
 in both. First is the case where E (B) > 0, so the drug
t to be beneficial ex ante. In this case, the trial ascer-

ether there is any “bad news” that would revise beliefs
rd and result in a rejection. For a higher quality surrogate

er �B
�SE

), a smaller amount of “bad news” will cause the
 to reject the product. Therefore, the threshold �∗

r will
wards. So, for example, the same amount of bad news
d a regulator to approve a gastric cancer drug based
ession-free survival, but to reject a breast cancer drug,
this surrogate is a stronger predictor of overall survival
t cancer (Michiels et al., 2016; Beauchemin et al., 2014)
astric cancer (Paoletti et al., 2013).

 E (B) < 0, the trial provides the decision makers with an
 make use of the drug if it proves to be more beneficial
ected. Thus the issue is whether there is “good news” in
urrogate endpoint that would revise beliefs about benefit
nd result in approval. For a higher quality surrogate, a

mount of “good news” will cause the regulator to approve
ct. Therefore, the threshold �∗

r moves down. Note that in
s, when the surrogate is of higher quality, the regulator

a smaller amount of “news” to change her beliefs.
marize, the regulator sets a higher approval threshold if

r expectation of the final outcome benefit (E [B]) is rela-
ow
r expectation of the surrogate outcome benefit (E

[
BSE

]
) is

ly  high
rogate is of relatively low quality, and E [B] < 0
rogate is of relatively high quality, and E [B] > 0.

proval threshold does not depend on v, the value of the
ome benefit to patients, because the regulator does not
e financial cost of the new drug against its clinical ben-
, there is no need to “monetize” clinical benefit in the
’s decision.

ayer’s decision

ayer will grant coverage to the drug if vE
[
B|bSE

]
≥ p. This

 is equivalent to allowing access for drugs with bSE ≥ �∗
p ,

SE
]

− E [B]
� �B

�SE

(
1 − p/E [B]

v

)
(10)

h the regulator, the payer sets a higher threshold for access
or expectation of the final outcome benefit is relatively
e prior expectation of the surrogate endpoint benefit is

 high.
ition, the payer sets a higher threshold if the monetary
nal outcome improvement is relatively low, or the reim-

nt price of the drug is relatively high. These conditions on v
e the natural implication that a payer sets a higher thresh-

prior expectation of the net benefit to the payer (vE [B] − p)
ly low. Relatedly, the payer also sets a higher threshold if
ted cost effectiveness of the new drug is unfavorable from
’s perspective (that is, p/E [B] is relatively high). Thus, in
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ons discussed below. However, this theoretical result demon-
es the connection between efficient pricing and the efficient
K. Bognar et al. / Journal of Health Econ

with a regulator, a payer’s decision making (in terms of
s threshold imposed on new drugs) is driven in part by its
isition costs. As with the regulator, a payer sets a higher

 when the surrogate is relatively low quality and the prior
on of benefit is negative, or the surrogate is higher quality
cted benefit is positive. However, a payer’s perspective on

 net of price (that is, vE [B] − p).3

ocially optimal decision

cial planner sets the approval threshold at

SE
]

− E [B]
� �B

�SE

(
1 − c/E [B]

v

)
(11)

xpression is identical to a payer’s threshold, with cost
 price. The social planner weighs benefits and costs in
s access threshold, but from the perspective of society.
example, the planner will set a higher threshold when the
ost-effectiveness ratio is expected to be less favorable (i.e.,
higher.)

rminants of inefficiency

cisions of a regulator and payer depart from that of the
nner, as was shown in Fig. 3. The regulator’s threshold is
ss stringent than the efficient threshold, because it fails to
cost. Based on Eqs. (9) and (11), the difference in thresh-

(
c

v� �B
�SE

)
> 0 (12)

xpression suggests, intuitively, that the degree of mis-
t rises with cost because the regulator fails to consider
inal cost of producing the drug. Since both decision mak-
bout the value of the clinical benefit, the misalignment

 with v, when costs are held constant. A less obvious
on is that a lower-quality (i.e., more poorly correlated) sur-
dpoint exacerbates this inefficiency, leading to a greater

 in the regulator’s threshold. Intuitively, a regulator fails
t for the cost of treatment with new drugs when setting its
; as a consequence, a regulator strengthens its approval

 too little in response to less information in the surrogate
. Speaking heuristically, the marginal cost of mistakenly
g a drug is lower for the regulator than the social planner.

 regulator responds less than the planner does to increases
elihood of mistakes, and thus to reductions in the quality
rogate endpoint.
trast to regulators, payers impose a threshold that is too
, because they “over-internalize” costs, accounting for the
ement price rather than the social cost. From Eqs. (10) and
difference in thresholds is(

p − c

v� �B
�SE

)
> 0 (13)

gain, it is fairly intuitive that the degree of misalignment
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 inefficiency.

ssible for the expected final outcome benefit to be positive while the
nefit net of the reimbursement price is negative. In this case, a payer

 a higher quality signal by lowering its coverage threshold, while a
ises its approval threshold.
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l implication follows from the difference between the
 regulator thresholds:(

p

v� �B
�SE

)
> 0 (14)

cally, a regulator and a payer disagree the most about
resholds when surrogate endpoint quality is low. It is
t to emphasize that this result does not depend on the
the prior expectations of benefit for the two  decision

facturer pricing behavior

 preceding section, we  analyzed the decision making of
hat sets a threshold for covering a new drug based on a

 endpoint signal, given a fixed reimbursement price. This
pplicable, for instance, to some public payers that require
urers to announce a price and then determine whether
will be covered. We  now consider the case of a payer that
eously determines coverage and negotiates the price with
facturer. Many private payers, and some public payers,

 problem.
us squarely on the role of the surrogate endpoint signal, we
rom complexities relating to negotiation between a man-

 and multiple payers. For example, we rule out sequential
g games, and instead consider a single payer. To sim-

her, we assume that sales of a covered drug are inelastic
ect to the price. Thus, a profit-maximizing manufacturer

maximize net revenue p − c, while the payer maximizes
ted utility given the surrogate endpoint signal. It is worth
ing that our setup produces relatively simple pricing rules
t not match more complex real-world pricing environ-

ayer and manufacturer will jointly agree to launch the
y if their joint surplus from doing so is positive. If

 to be true, they cannot both find it worthwhile to
e drug. This simple point has an important implica-
use the sum of the payer’s and manufacturer’s surplus,

 � �B
�SE

(
bSE − E

[
BSE

]))
− p

)
+ (p  − c),  is equal to social(

E [B] + � �B
�SE

(
bSE − E

[
BSE

]))
− c. Therefore, it follows

s are launched only if the expected social surplus from
 is positive. This is the same criterion that the social
ses. Therefore, in a simple and efficient setting with Nash-
g, zero bargaining costs, and payers that fully internalize

 of drugs, payers and manufacturers launch the efficient
f drugs, given the quality of the surrogate endpoint infor-
ote that this would be true even if a regulator approved

 drugs in an earlier stage — the market would filter out
s efficiently. One can also use similar reasoning to show
rs make efficient benefit design decisions under ideal

gaining (Lakdawalla and Sood, 2013). Intuitively, payers
ufacturers find it optimal to maximize joint surplus first,

 bargain over how to divide it. To be sure, real-world
otiation is unlikely to be perfectly efficient for a variety of
 available surrogate endpoint information, and vice-versa.

pected final outcome benefit is positive while the expected net benefit
 the result here follows from the results in Sections 4.2 and 4.3. The result
lds when the decision makers alter their threshold decisions in the same
hen surrogate quality rises. Intuitively, the difference in thresholds is
ely by the decision makers’ contrasting perspectives on costs, under the

 assumption that a regulator and payer value clinical benefits to patients
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r will be able to rely to some degree on the first manufacturer’s
ly evidence in expediting its own approval.5
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t of these results, we can — without loss of generality
t from payers’ access and benefit design decisions when
p the bargaining problem, because these problems are
timally in an earlier and independent stage. This avoids
me notation without changing the analytical results for
enoting the Nash-bargaining leverage of the manufac-

 ∈ (0,  1),  the Nash-equilibrium is the solution to

c)ı
{

v
(

E [B] + �
�B

�SE

(
bSE − E

[
BSE

]))
− p

}1−ı

 the expression in curly brackets is the payer’s expected
der joint normality. This problem has the first-order con-

∗ − c) = ı
{

v
(

E [B] + �
�B

�SE

(
bSE − E

[
BSE

]))
− p∗

}

n be restated as

 ı
{

v
(

E [B] + �
�B

�SE

(
bSE − E

[
BSE

]))
− c

}

pression in curly brackets is the total social surplus that
pected from drug coverage based on a surrogate endpoint

 equilibrium, the manufacturer’s share of this surplus is
ts leverage, the standard Nash-bargaining result. The price,
urer profits, payer profits, and total social surplus are all

rogate is of relatively high quality (� �B
�SE

), and the surro-

dpoint signal is “good news” (bSE > E
[
BSE

]
)

rogate is of relatively low quality, and the surrogate end-
ignal is “bad news” (bSE < E

[
BSE

]
)

s more “good news” or less “bad news” in terms of the
h  of the surrogate endpoint signal (i.e., bSE − E

[
BSE

]
is

or expectation of the final outcome benefit is relatively
le (E [B] is larger).

tter two conditions specifically imply that the expected
ome benefit is greater. Where the final outcome benefit is
o a standard of care defined by the efficacy of other drugs,
ursement price is higher when the new drug’s expected

ver prior treatments is greater. The availability of thera-
ernatives may  further affect new drug pricing by altering
ve bargaining power of a payer and manufacturer.

 result here is that a manufacturer benefits from an
ent in the quality of a surrogate endpoint — through

ed approval and coverage decisions — and so does a payer,
uld expect. The fact that each captures only a share of the

in social surplus has important policy implications.

 implications

tion 4.5, we showed that a higher-quality surrogate
 helps improve alignment between drug approval and
ement decisions. Section 5 showed that efficient pricing
efficient coverage thresholds being set by payers, given
ble surrogate endpoint information. From a policy per-
this latter result suggests that inefficient prices preserve
s in the way information is processed and likely result in

 denials of access to drugs. For example, this result might
rices are set administratively in a manner that does not

arket outcomes, or if payers fail to internalize the benefits
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to patients (i.e., v differs for payers and patients). From a
standpoint, such inefficiencies in pricing are more likely to
le than the exception, but our analysis reveals the linkage
price regulation and the processing of clinical information 5 We tha
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rketplace. Policies that move towards more efficient pric-
ead to more efficient processing of surrogate information

 efficient access decisions.
so showed that efficient pricing “cleans up” inefficiency
tor behavior. Even if regulators approve too many drugs,
pricing will result in optimal access. Thus, regulators can

 take more risks on approving drugs with uncertain ben-
n pricing is more efficient, and vice-versa. For instance,
-administered cancer drugs treating older populations −
ices are administratively set by Medicare Part B − might
reater caution than antidepressants reimbursed primarily
e payers.
n  5 also showed how higher quality increases the
ial surplus from early access to new drugs, because
ality surrogates lead to more accurate decisions based

gate endpoint information. Mathematically, this effect
s higher social value per new drug, and accrues both to
d manufacturers.

haring of surplus between payers and manufacturers
 a classic free-riding problem, in which neither party faces
incentives to invest in improving the quality of surrogate
s. Thus, absent public-sector investments or subsidies for
esearch into improved endpoints, the following market
re likely to occur:

re drugs left “in limbo,” with regulatory approval but cov-
enial;
h drug that has been developed and brought to trial, soci-

 expect to realize less value;
ents in pharmaceutical innovation are lower because the

ed return on investment for the manufacturer is damp-

ird point follows because higher quality surrogates lead to
rofit (Section 5), and in turn greater profits lead to greater
nts in innovation according to a variety of models in the

 (Nordhaus, 1969; Loury, 1979; Green and Scotchmer,
us, firms will be more likely to innovate in areas with
ality surrogates. This creates an interaction between the
f evidence and the quantity of innovation. Malani and

 make a complementary point about the cost of evidence,
rticular focus on the context of HIV treatment (Malani and
, 2011).
fore, improvements in the quality of surrogates can lead
denials of early coverage of drugs approved by regula-
er expected social value from each drug that enters trials,

 drugs developed and brought to trial. Moreover, public
hat stimulate improvements in surrogate quality may  be

 order to achieve these aims, because private benefits are
ross many parties.
,  it is useful to note that the problem of interest here —
g in the costly production of high quality surrogates —
ch more generally. For example, where a manufacturer
ted in evidence that demonstrates efficacy of a drug, and
anufacturer seeks approval of a new drug with a similar

m of action but fewer side effects, the second manufac-
nk an anonymous referee for this point.
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tudies and empirical context

strate some of the practical implications of our theoret-
ework, we present a few historical case studies drawn

 approval and payer rejection experience. Causal inference
 the effects of endpoint quality lies beyond the scope of

r. We  aim instead to provide a few real-world examples of
s kinds of outcomes predicted by the theory and suggest
ward for future empirical research in this area.
our theory predicted that rejections might occur for
th low-quality surrogates, and particularly if the drug
formed prior expectations. For example, rociletinib was
ted for use in a genotype of non-small cell lung cancer

 EGFR+. The surrogate endpoint in this case was  “objec-
nse rate” (ORR), which is the fraction of patients whose
rank by a prespecified size. ORR is a surrogate for overall

n cancer, but it is weakly correlated with overall survival
all cell lung cancer (Blumenthal et al., 2015). In spite of a

 strong ORR benefit — 30.2% of patients exhibited tumor
 — an FDA advisory committee voted against accelerated

 instead recommending to wait for further evidence of
S Food and Drug Administration, 2016).

d, our framework suggests that the misalignment between
 and payer preference will result in some drugs “left
,” i.e., approved for use but not covered by payers.

ple is aclidinium bromide for the treatment of acute
among patients with chronic obstructive pulmonary
OPD). The surrogate endpoint in this case is “forced expi-

lume in one second” (FEV-1), a measure of how much air is
from the lungs within one second. FEV-1 is considered pre-

 COPD of mortality, hospitalizations, and exacerbations of
Niewoehner et al., 2000; Paul and David, 2014) However,
thought to be a low-quality surrogate (Paul and David,
stbo et al., 2008). This drug was approved by the FDA,
e has been limited among insurers. For example, some
surers do not cover it at all (Cigna, 2016), while others sub-
dispensing limits (BlueCross BlueShield of Illinois, 2016)
access restrictions (Harvard Pilgrim Health Care, 2016).
xample is belimumab, which was approved to treat lupus

sis of a surrogate endpoint, but subsequently denied reim-
t by the top five national payers in Europe who  found the

 too weakly predictive of final benefit (Marinoni, 2012).
ases, regulators perceive enough benefit for approval, but

 not always see fit to provide access.
 the framework suggests the possibility of drugs approved
ed on the basis of surrogates alone, particularly when the
rates a strong signal using a high-quality surrogate. Rux-

 a first-in class treatment for myelofibrosis, approved on
of percent reduction in spleen size as a surrogate endpoint

 and Drug Administration, 2011a). Patients with myelofi-
perience substantial symptom burden, which can be

 and alleviated with spleen size reduction (Mascarenhas
man, 2013; MPN  Research Foundation, 2016). Scientific
nding of myelofibrosis, a type of chronic leukemia, as a
s still evolving, with spleen size reduction and patient
outcomes serving to be the best endpoints for myelofi-
atments (Mascarenhas and Hoffman, 2013; MPN  Research
n, 2016). Strengthening the signal of its surrogate end-
olitinib has also demonstrated the potential correlation

spleen reduction and long term mortality in preliminary
from clinical trials (Verstovsek et al., 2012a; Verstovsek
2b). The quality of and strong signal from the surrogate
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 for ruxolitinib has resulted in its widespread coverage
ment on preferred drug lists (Express Scripts, 2016; CVS
, 2016).
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, the theory presupposes that approvals are sometimes
ased on surrogate endpoints that are later shown to be

dictors of final outcome benefit. One example is beva-
 which was approved in 2008 to treat breast cancer on

 of clinical trials showing a progression-free survival ben-
5 months (US Food and Drug Administration, 2011b).
on-free survival is thought to be a good quality surro-
overall survival in breast cancer (Michiels et al., 2016;

in et al., 2014). The FDA granted “accelerated approval”
sis of this information, but required that additional clin-
nce be collected in the meantime. When the follow-up

ion became available, there was no evidence that patients
ger when treated with bevacizumab, and the FDA with-
approval for breast cancer in 2011 (US Food and Drug
ration, 2011b; US Food and Drug Administration, 2011c).
ed, these examples do not systematically test our theoret-
ictions, but they illustrate their connection to real-world
s. More systematic empirical testing could proceed along
nes. To stimulate further research, we suggest a few paths
recognizing that a full development of these empirical

 lies beyond the scope of this paper. First, one might view
lation between surrogates and final endpoints as exoge-

 particular disease area. For instance, progression-free
s known to be a better correlate of overall survival in some
mor types than in others. Exploiting this fact, one might
by estimating a model of approval and reimbursement
s as a function of this correlation. These thresholds are
iables that can be modeled using data on binary approval

bursement decisions in the usual way. The theory predicts
sion makers call for more stringent evidence of surrogate
ithin tumor types that have lower-quality surrogates. To
such a study, one would need to cull the literature for

 correlations between the surrogate endpoint and the
point, across a range of diseases. These data could then
ned with approval data.
d, one could test the prediction that payers and regulators
ifferently. One could collect reimbursement data mea-
e fraction of payers that gave any access to the drug, or

 access to the drug. A complication here is deciding how to
“any access” and “preferred access,” but this seems a sur-
le obstacle for an empirical study. Given this information,

 assess empirically whether and to what extent payers
more stringent evidence of benefit than regulators, when
h disease areas that have lower-quality surrogates.
, one could assess the effects of free-riding incentives on

nts into surrogates. Here, pharmaceutical pipeline data
used to ascertain the surrogate endpoints used in clinical
a given disease area. One could simply count the number
ates and determine whether the arrival of new surro-
sures is more likely in disease areas where fewer firms
eting to develop or market new drugs. This implication
ted by theory, because free-riding incentives are always
ted by the presence of more competitors.

usion

tainty is inevitable when evaluating new medical treat-
e  have evaluated one particular source of uncertainty,

t information about clinical benefit (such as quality-
life years). In some contexts, the availability of reliable

ion has improved, due to lower costs for particular data

 analytic techniques. Yet in our setting, there is reason to
rned about the quality of information. As medical tech-
continue to improve, uncertainty about clinical benefit
me more important. Longer lives and better health mean,
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e of treatment once final outcome evidence became available;
tively, there was no cost to reversing a decision to grant early
ss if the final outcome proved unfavorable. This assumption
K. Bognar et al. / Journal of Health Econ

ly, that clinical trial participants will be slower to die or
ignificant comorbid diseases. Thus, it will become increas-
tly to collect final outcome data. On one hand, this may
nger and more expensive clinical trials, an eventuality
ses its own costs on patients waiting for new therapies to

uced. On the other hand, this trend may  hasten the substi-
ards imperfect surrogate endpoints. The question of how

corporate surrogate endpoints into regulatory, reimburse-
 pricing decisions will become increasingly important.
alysis reveals three main themes for policy makers. First,
on in surrogate endpoint measures leads to excessive
f early access to new drugs, lower social value for each

 is developed and brought to trial, and lower levels of
n. This tendency is exacerbated by inefficiency in drug
nd by misalignment between the objectives of payers and
s. Thus, policies that improve the efficiency of pricing also

gate inefficiencies associated with surrogate endpoints. At
 time, regulators can afford to take more risks on “less well-
enefits, when the drug will be priced in a well-functioning
arket, and vice-versa for drugs with inefficient pricing.

r, private incentives to invest in better surrogate endpoints
 to be insufficient because the benefits are shared across
d manufacturers. This misalignment creates a role for

licy to stimulate some (finite) degree of improvement in
 endpoints through direct investment in or subsidies for

ate endpoints can be based on biomarkers. Thus support
entification of new biomarkers through gene expression

 and for the empirical validation of identified biomarkers,
to improve the quality of surrogate endpoint informa-

 noteworthy example, the Biomarkers Consortium has
 an effort targeting autism spectrum disorder (National

 of Health, 2015); public partners within this consortium
e National Institutes of Health, the FDA, and the Centers
are and Medicaid Services (The Biomarkers Consortium,

 diabetes and related diseases, the protein adiponectin
mise as a surrogate, but requires further validation (Lim
4).
nd theme for policy makers from our analysis is that

 factors can and should be incorporated into clinical evi-
quirements. Greater leniency is warranted for products
ter expected social value, and vice versa. The role of eco-

ctors in reimbursement decisions is often fairly explicit,
ators typically disavow a connection between approval

 clinical factors and the economic value of a new ther-
cies like the FDA and EMA  may  need to begin considering

 the other hand, the theory also suggests that an efficient
eutical pricing regime can substitute for this requirement.
ally efficient pricing, payers replicate the socially effi-
roval threshold. Here, even if regulators approve too many
yers would apply an efficient filter. Thus, it would appear
y makers can consider introducing economic criteria into
oval decisions, and/or reforms that improve the efficiency
cing regime, e.g., less reliance on administratively deter-
ices. While the latter is a more daunting policy problem
it also has a broad array of social benefits.
, imperfect surrogate endpoint information can be effi-
corporated into approval and reimbursement processes.
makers would be prudent to call for higher standards
ce when faced with poorer-quality surrogates or lower
ons of clinical benefit from new products. However, rather
sting the emergence of surrogate endpoints, healthcare
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makers should search for ways to make the best possible
 information available.
ossibility is to utilize new regulatory decision schemes
e beyond traditional binary outcomes of approval or 6 We tha
51 (2017) 1–12

. For example, surrogate endpoints could be particularly
 in adoption decision schemes such as “coverage with evi-

velopment” (CED), also known as “performance-based risk
greements” (PBRSA). CED gives conditional availability for
g technologies with the requirement that further evidence

 is produced (Hutton et al., 2007). The primary aim of such
is to reduce uncertainty in outcomes, efficacy, cost, eco-
nefit such that an appropriate price that aligns the benefit
anufacturer and the value to the patient (Carlson et al.,
rrison et al., 2013). Such increased regulatory flexibility
gate endpoint data would enable patients to receive clin-
fits using technologies that otherwise would have been
by regulatory bodies. CED is currently being used by the
or Medicare and Medicaid (CMS) to assess the efficacy of
of technologies including NaF-18 PET scans for identifica-
ne metastasis of cancer (Centers for Medicare & Medicaid
2015). Likewise, in 2015, Harvard Pilgrim Health Care

nto a PBRSA with Amgen for its PCSK9 inhibitor known as
ab in order to assess real-world efficacy and performance

ide justification for the high price tag (Reinke, 2016). As
ome data becomes increasingly scarce and costly, it makes
ubstitute towards surrogate endpoint evidence.

 research on surrogate endpoints can be taken in a num-
orthwhile directions. Our framework addressed early

 a drug, based on a surrogate endpoint signal of a final
 benefit for which evidence was not yet available. In real-
trials follow multiple surrogates, or may  produce an early

 noisy signal of the final outcome to accompany the sur-
idence, presenting a decision maker with the problem of

 to combine the signals. Where multiple surrogates are
 but only some are reported in a trial, a decision maker

 to consider whether the reported measure is susceptible
as. In addition to clinical benefit, a trial is typically infor-
out safety and adverse events, and in general a decision

ill need to decide how to trade off favorable and unfa-
utcomes, based on their importance to patients and the

tive quality of the signals. A decision maker could be faced
problem of prioritizing two drugs for the same disease.

 situation, it is possible that a drug with a noisier signal
iority, precisely because its greater variability in the final

 creates option value in the form of upside risk (Sanchez
2).6

st point also highlights the potential interaction between
rences and decision making in this context. Our frame-

lized a number of assumptions, including risk neutrality
e instances joint normality of the surrogate and final out-

efit. Earlier in the text, we  conjectured that risk-aversion
ce greater caution about acting on low-quality signals.

ction, we also discussed how lower-quality signals might
ore valuable. Numerical analysis could be used to explore
making in the presence of some degree of risk aversion,
r alternative distributional assumptions. In addition, our
rk was parsimonious in the flow of information. In reality,

 accumulates over the course of a trial. These dynamics
a regulator and others with an ongoing decision pro-
-vis drug access, based on the evidence thus far and the

 still likely to come; complexities such as reversion to
 would become relevant to decision making. Our  sim-
ics also assumed that early treatment did not affect the
nk an anonymous referee for this point.



omics 

may  not 

studies h
sion mak
and Willa

Future
worthwh
drug, base
for which
low mult
of the fina
ing a deci
signals. In
about saf
safety risk
comparat
tain patie
final outc
not predi
produces

This s
the struc
drug deve
tage. One
final outc
develope
tageous s
then hav
bias. Ano
multiple 

bring to t
to a surro
dict a sup
together 

represent
This  s

the magn
impose a
In fact su
have been
Claxton, 

statistica
such a re
the magn
in others
significan
trial grow

The  ex
cations of
and more
quality (C
of the bro
(Claxton 

Eckerman
much mo
of recruit
is possibl
substitut
as a pract
could aid
for long-t

The ec
as they 

researche
represent
rogate en
effects. M

nt  o
y st
m he

owl

uppo
ision
life s
Offic
ley i
tanc
inist
tein, 

endi

uppl
nlin

renc

, S., 2
87–22
hemi

verall 

ross B
016, A
.pdf.
entha
verall 

on–Sm
atient
n, P., D
arem
ugust
ormul
n, J.J.

xamin
ealthc
rs for
missio
AG-0
, 2016
on, K.,
ssess. 

on, K.,
aking
334),

on, K.,
ff. (Mi
on, K.,
comm

pprop
ssess. 

on,  K.,
nd cha
on, K.,
chnol
formi

on, K.,
r the 

on, K.,
ochas
41–36
mann
aking
mann
ssessm
ss Scr
vailab
ng,  T.R
K. Bognar et al. / Journal of Health Econ

be appropriate in some circumstances, and a number of
ave analyzed the impact of reversal costs on optimal deci-
ing (Claxton et al., 2012; Claxton et al., 2016; Eckermann
n, 2007; Eckermann and Willan, 2008).

 research on surrogate endpoints can be taken in other
ile directions. Our framework addressed early access to a
d on a surrogate endpoint signal of a final outcome benefit

 evidence was not yet available. In reality, some trials fol-
iple surrogates. Others may  produce early, noisy measures
l outcome to accompany the surrogate evidence, present-
sion maker with the problem of how best to combine the

 addition to clinical benefit, a trial is typically informative
ety and adverse events. When an effective drug also poses
s, decision makers will need to weigh the trade off and the
ive quality of the signals. Along another dimension, cer-
nts may  value a surrogate endpoint independently of the
ome; for example, even if progression-free survival were
ctive of overall survival, more advanced disease typically

 more severe symptoms.
tudy has also taken the choice of surrogate endpoint and
ture of clinical trials as given. In some important cases,
lopers may  be able to structure trials to their own  advan-

 possibility is that multiple surrogates are available for the
ome benefit of a particular drug. In such a situation, drug
rs may  possess superior information, and specify advan-
urrogates in designing trials. Regulators and payers would
e to consider the susceptibility of reported surrogates to
ther possibility is that a pharmaceutical company with
drugs in development for a disease may  be more likely to
rial the drug that is expected to perform well with respect
gate, recognizing that a superior surrogate signal will pre-
erior final outcome benefit. The strategic design of trials,
with the appropriate response of regulators and payers,

 an important and interesting topic for further inquiry.
tudy has focused on thresholds for drug access based on
itude of a surrogate endpoint signal, yet access may  also

 threshold for statistical significance of the trial evidence.
ch a requirement can result in denial when access would

 welfare-enhancing (Claxton et al., 2001; Claxton, 1999a;
1999b). Still, many real-world decision makers demand
l significance. Our framework can naturally accommodate
quirement. In some situations, the “signal threshold” for
itude of the surrogate data will be determinative, while

 the significance threshold is. As one would expect, the
ce threshold is likely to play less of a role as the size of a
s.
tended framework allows for investigation of the impli-

 imperfect clinical evidence for the design of clinical trials,
 generally, the optimal degree of investment into evidence
laxton et al., 2015). The question becomes, in the context
ader literature, the expected value of sample information

et al., 2001; Claxton, 1999a; Eckermann and Willan, 2007;
n and Willan, 2008; Griffin et al., 2011), and speaks to how
ney to invest in growing the size of a trial, given the cost
ment and the benefit of uncovering an improved signal. It
e that a higher-quality surrogate would be a cost-effective
e for a larger trial in some clinical situations. In any event,
ical matter, continued investigation into patient registries

 in the collection of both clinical benefits and safety events
erm post-approval data.
onomic implications have not been fully explored, even
have drawn an increasing amount of attention from
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