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Regulators often allow firms to sell new drugs based on preliminary efficacy evidence, with final approval
contingent on confirmatory testing. We characterize optimal approval policies when firms have private infor-
mation about testing costs and the regulator’s payoff depends on expected efficacy. The optimal policy
may include partial conditional approval for drugs with low expected efficacy, and leniency in granting final
approval below conventional standards. Our calibration suggests these tools can generate hundreds of mil-

lions of dollars in annual social value.
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1. Introduction
In 1988, HIV-AIDS activists protesting outside the Food and Drug Administration (FDA) chanted,
“Hey, hey, FDA, how many people have you killed today?” With tens of thousands dying annually
from HIV-AIDS, activists demanded access to promising antiviral drugs still under development
(United Press International/[1988). In response, the FDA introduced a conditional approval mecha-
nism called “accelerated approval.” In 2024, the FDA granted conditional approval to seven drugs,
six of which target rare diseases (Food and Drug Administration|2025). Conditional approval has
also been granted in many regulatory jurisdictions, including the U.S., Europe, and Japan.

Conditional approval allows a new drug to reach the market after phase II testing, with full
approval contingent on confirmatory phase I1I tests. Phase II tests are relatively short and inexpen-
sive, but provide inconclusive evidence. In contrast, phase III tests are costly and time-consuming,
but provide statistically and clinically significant evidence of efficacy. Without conditional approval,
firms might forego phase III testing for slow-progressing diseases, which require long and large tests
(Budish et al/[2015)[]

Conditional approval benefits patients through faster access and encourages investment by
increasing revenue. It allows firms to generate sales while funding costly phase III testing, making
the development of marginally profitable drugs viable. Revenue rises early from immediate sales

and later through market diffusion.

! More generally, regulatory restrictions and testing costs can stifle innovation and reduce social welfare (Peltzman
1973, |Philipson and Sun|[2008| |Grennan and Town|2020)).
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We use the term “leniency” to describe the regulator committing to a final approval threshold
below what it would choose later. Leniency may involve approving drugs without persuasive confir-
matory trials or relying on surrogate endpoints (e.g., tumor shrinkage) instead of clinical outcomes
(e.g., survival). Indeed, 9 of 46 cancer indications granted final approval after conditional approval
lacked statistically significant evidence of benefit in the medical literature (Liu et al.[2024]).

The regulator can commit to leniency before phase III. For example, the FDA’s “breakthrough”
designation gives the firm access to timely advice and interaction with the regulator to facilitate
drug development. Through this pathway, the regulator can guide trial design and specify what
(possibly lowered) evidence is required.

Leniency is always costly to society, as it raises the risk of approving ineffective drugs. Conditional
approval, by contrast, may or may not be costly to society, depending on the drug’s expected
effectiveness and the extent to which early access boosts future adoption.

Regulators set conditional approval and leniency with limited information about testing costs for
three reasons. First, many drugs lack predicates for benchmarking; five of the seven conditionally
approved drugs in 2024 were first in their therapeutic class. Second, recruitment and enrollment
costs are substantial, especially for rare diseases with few patients. Third, transparency is limited:
firms anticipate ex post profits, so they conceal costs to avoid criticism about excess profit and
calls for price regulation. The regulator’s belief distribution depends on the degree of informational
asymmetry with the ﬁrmﬂ

Private information about phase III testing cost motivates our mechanism design approach,
which yields optimal conditional approval and leniency thresholds, based on the regulator’s belief
about the testing cost and the drug’s efficacy potential. In essence, the regulator’s problem is a
procurement problem, where the firm supplying the new drug can be paid in two ways: conditional
approval and leniency.

In our framework, however, three features distinguish the regulator’s problem from standard
procurement problems. First, the final approval decision is based on a testing result that does not
arise in a procurement setting. Second, the two types of payments are bounded by constraints
analogous to budgets: there is a finite amount of feasible leniency and the scale of conditional
approval is bounded by the market size. Third, the regulator’s payoff function is nonlinear in
leniency. This nonlinearity precludes the use of standard mechanism design techniques to solve the

regulator’s problem.

2 We focus on private information about testing costs, though firms may also have private information about efficacy.
Both high costs and low expected efficacy can deter development, motivate government incentives, and give firms
information rents. The distinction between the two types of private information matters most when the regulator
provides funding up front and ex post profit is not positive, as with foundation grants for tropical disease research.
In such cases, under private information about expected efficacy, a moral hazard problem arises. The firm has little
incentive to exert effort because it already has the money and little to gain from success (Ridley et al.|2025)).



If a drug is “low-cost,” i.e., the regulator’s belief about the firm’s testing cost is sufficiently
optimistic, the optimal policy involves no costly incentives. Conditional approval is granted only if
the drug is ex-ante promising (not simply to induce testing), and there is no leniency.

If, instead, the regulator believes that testing costs could be high enough to deter investment,
the regulator can implement a take-it-or-leave-it offer by setting a scale of conditional approval
and a threshold for final approval. The firm will find it profitable to accept the offer if and only
if its testing cost falls below a threshold. The optimal levels of conditional approval and leniency
balance the goal of inducing the firm to run confirmatory testing against the risk of paying for
ultimately ineffective drugs.

We begin with a two-period version of the model, where the regulator’s problem can be framed
as an (infinite-dimensional) linear program. The two-period model is appropriate for rare-disease
drugs, which are exempt from price regulation and face limited generic competition due to their
small market size. Duality theory implies that a take-it-or-leave-it offer is indeed optimal, and
yields its full characterization for all parameter values in our framework.

We then analyze a three-period version of the model, in which generic competition or price
regulation drives the price down to marginal cost in the third period. In this version, we derive
a linear relaxation of the regulator’s problem, which provides an upper bound for the regulator’s
payoff. Based on its solution, we construct a feasible policy that yields a lower bound for the
regulator’s payoff. In our calibrated numerical analysis, these bounds are remarkably close.

Based on our analysis, lawmakers should grant regulators the following powers: First, regulators
should be permitted to conditionally approve drugs with low expected efficacy. Second, they should
have the flexibility to grant partial conditional approval, such as limiting access to specific patient
subgroups. Insurance coverage could also be restricted. Third, regulators should be able to use

leniency in setting the final approval threshold below the myopic standard.

1.1. Literature Review

Myerson| (1981)) laid the foundation for optimal mechanism design. |Baron and Myerson (1982
extend the framework to regulation economics with adverse selection concerns. In that paper, the
agent (a firm) privately knows the unit production cost, and the principal (a regulator) maximizes
a linear combination of consumer welfare and the firm’s profit. The regulator sets the unit price
the firm can charge, which determines the resulting sales quantity and may also subsidize or tax
the firm. The basic Myersonian framework assumes at least two instruments in the mechanism:
allocation and monetary transfer. OQur principal uses entry, as well as the conditional and final

)

approvals, as instruments. This also implies that we have more “budgetary” constraints in the

optimization model, which complicates the analysis and results. Furthermore, we need to consider



testing with uncertain outcomes, an important feature that Baron and Myerson| (1982) does not
have.

Some diseases lack commercial prospects because they are concentrated in lower-income coun-
tries, where profit margins are near zero (Ridley et al.2025)). In such cases, conditional approval
may help patients but offers little incentive to firms, because speeding an unprofitable drug to mar-
ket does not improve returns. For tropical diseases, push and pull mechanisms are more effective
than conditional approval. Push mechanisms subsidize early-stage testing, often through agencies
such as the National Institutes of Health (NIH) or the Gates Foundation. Pull mechanisms raise
revenues, for example through advance market commitments that guarantee purchases (Berndt
et al.[2007, [Kremer et al. [2022)), or transferable vouchers such as U.S. priority review vouchers
(Gans and Ridley|2013)) and exclusivity-extension vouchers (Dubois et al.|2022).

For diseases that are profitable ex post but not ex ante due to long testing timelines (Budish
et al.[2015)), conditional approval offers two advantages over push and pull funding. First, it grants
early access and accelerates diffusion, generating benefits both immediately and over time. Second,
it is often more politically feasible than direct subsidies to drug makers, which remain unpopular.
Indeed, NIH funding is directed largely to universities for early-stage testing rather than to firms
for late-stage trials (Zhou et al.2023)). Push, pull, and conditional approval are not mutually
exclusive, however. When calibrating the model, push funding could be incorporated as reducing
testing costs, and pull funding could increase revenue, complementing conditional approval.

This paper also contributes to the literature on optimal regulatory approval. |(Carpenter and Ting
(2007)) analyze a regulator-firm interaction where approval decisions rely on imperfect information.
They examine the trade-offs between false positives and negatives in regulatory decisions. Condi-
tional approval often depends on surrogate endpoints, which must be carefully validated to ensure
reliability for regulators and payers (Bognar et al.[2017)). Beyond conditional approval, regulators
employ pathways like the FDA’s “breakthrough” designation to facilitate market entry (Chandra
et al.[2024).

Permissive conditional approval policies may lead to withdrawals of drug indications if fur-
ther testing reveals insufficient efficacy. |Orlov et al.| (2020) show that firms might delay reporting
negative information to postpone withdrawals. |Xu et al.| (2021) demonstrate that firms balance
regulatory costs by choosing between extended and shorter testing periods. To address delays,
regulators like the FDA now require firms to initiate confirmatory testing before granting condi-
tional approval. The dynamics differ for most medical devices, especially those similar to previous
devices. Testing is less rigorous, markets see frequent entry, and competition is dynamic (Grennan

and Town! 2020}, Collard-Wexler et al.[2024)).



Some papers study continuous-time models in which approval decisions evolve with accumulating
evidence. Henry and Ottaviani| (2019) extends Wald’s sequential hypothesis testing model to a game
between a firm and a regulator. The firm conducts costly testing, generating a publicly observed
Brownian motion with drift based on unobservable efficacy. The firm benefits from approval; the
regulator’s payoff depends on true efficacy. The firm chooses when to stop and seek approval.
Commitment by the regulator leads to Pareto improvements over outcomes without commitment.
Henry et al.| (2022) allow for approval revocation when negative evidence emerges. The results
highlight the importance of flexible regulatory policies.

The continuous-time models are ideal for settings with adaptable protocols, such as early-stage
drug testing in animals or review of drugs after final approval. However, discrete time is suffi-
cient in settings such as late-stage human testing which involves fixed endpoints, with outcomes
revealed simultaneously. Furthermore, our model captures the diffusion effect triggered by condi-
tional approval, which is not present in Henry et al| (2022).

McClellan| (2022)) presents another continuous-time model in which the regulator decides when
to stop experimentation and approve a drug. The setup generalizes optimal stopping problems
by accounting for the firm’s incentive to exit prematurely. Even with symmetric information,
the regulator lowers the approval threshold as the firm nears exit, terminating only if the drug’s
prospects fall too low. Under asymmetric information, if the firm claims the drug is less promising,
the structure resembles the symmetric case. If the firm reports a more promising drug, the regulator
offers a “fast track” with a lower approval threshold and a floor on efficacy. If the drug hits the
floor, the regulator reverts to a higher approval threshold. Likewise, in our model, the regulator
can be more lenient to allow a more marginal drug that might otherwise exit. However, our model
differs by including conditional approval, allowing the firm to earn revenue and begin diffusion

during confirmatory testing.

2. Model

A regulator and a pharmaceutical firm interact in a three-period game. At the beginning, the firm
has already conducted preliminary clinical tests for a new drug. Based on the outcome of these tests,
both parties believe that the drug’s efficacy 7 is a random variable with support [0, 1], cumulative
distribution function G, and strictly positive density g. To ascertain the true efficacy of the drug
n € [0, 1], the firm must conduct a final round of confirmatory tests which cost ¢. The firm knows
the value of ¢ privately, while the regulator believes that ¢ is drawn from a distribution with a
cumulative distribution function F' and positive density f on its support [cr,cy|, with 0 < c¢p, < cp.

We maintain the following regularity assumption throughout the paper.

ASSUMPTION 1. The inverse hazard ratio F(c)/f(c) is non-decreasing.



Assumption [I]is routinely invoked in the mechanism design literature, following Myerson’s pioneer-
ing work (Myerson||1981)). It implies that the “virtual cost” function ¢+ F'(c)/f(c) is increasing,
and holds for several commonly used distributions, including uniform, exponential, and Pareto
distributions. In our setting, this assumption rules out stochastic regulatory policies.

The game begins with the regulator committing publicly to a regulatory policy. Any feasible
regulatory policy specifies, for each cost realization ¢ € [cr, cy], a probability 7(c) € [0,1] of the
firm conducting confirmatory testing, and a scale of conditional approval a;(c) € [0, 1] contingent
on the firm testing; and then for each pair (¢,n) € [c,cu] x [0,1], a probability of granting final
approval as(c,n) € [0, 1]E] If the firm chooses not to test, the game ends immediately with both
parties earning zero payoffs. Otherwise, the firm enters the market in period one at scale a; while

testing is taking place.
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Figure 1 Timeline for testing, regulatory review, and falling prices. After preliminary testing, the regulator may
grant conditional approval for a portion of the population (a1). Later, the regulator can grant full approval (a2).

After conditional or final approval, the firm will charge a monopoly price until ¢2 when the price falls.

Figure [I] illustrates the timeline. At time 0, the regulator decides whether to induce testing
(7(c)) and grants conditional approval (a;(c)) according to the agent’s reported cost c¢. From time
0 to t1, the firm sells a; fraction of the market at a given price. At time t;, the test result (n) is
revealed, and the regulator decides whether to grant final approval (as(c,n)). If the drug receives
final approval, the firm continues selling at the monopoly profit margin until time t¢,, after which
generic drugs are allowed to enter the market and the price falls to marginal cost. In the rest of
the paper, we refer to time intervals [0,%1), [t1,%2), and [t2,00) as periods one, two, and three,
respectively.

8 Any regulatory policy can be interpreted as a direct revelation mechanism, as implied by the revelation principle
(Myerson||1981)).



Without loss of generality, we normalize both the firm’s monopolistic profit per unit and the
demand in period one, when full conditional approval is granted, to 1. If the firm is granted
conditional approval at scale a;, its payoff in period one is a.

The firm’s revenue in period two, after the drug’s final approval, is affected by its revenue in
period one. Drug sales tend to rise over time as doctors and patients learn about the drug through
experience and word of mouthﬁ Hence, entering the market in period one at a larger scale increases
later sales and profit in period two. We assume that the total discounted demand in period two, if
final approval is granted, is Ao+ A1 - a1, where Ag and A, are fixed parameters. When the monopolistic
period ends, generic drugs are allowed to enter the market, and the firm’s net revenue becomes 0.

The firm’s total expected profit is given by the testing probability multiplied by its total revenue
across both periods minus the testing cost. Therefore, if the firm has a true cost ¢ and chooses the

option designed for cost ¢/, its expected total profit is

1
fife,c) = 7(e) - () = e+ Do+ A ar()] - [ aatelm) dG(n)} . (1)
0
To be feasible, any regulatory policy must satisfy incentive compatibility (IC), meaning that the
firm should not benefit from choosing any option other than the one designed for its true cost c,
ie.,

Ve, d € ler, el (c,c) >TI(c, ). (IC)

Also, because the firm can earn zero profit by declining the request to conduct the final round

of tests, the following individual rationality (IR) constraint must hold:
Veelep,cnl: II(c,c) > 0. (IR)

Finally, the probability of testing 7, the scale of conditional approval a;, and the probability of

final approval as, must be between 0 and 1:

Veeler,cnl: 0<7(c) <1, (2)
Ve € [er,enl: 0<ai(c)<1, and (3)
V(e,n) € [cr,cu] X [0,1] 0<as(e,m) <1. (4)

The regulator’s payoff per unit of the drug v(n) depends on the efficacy level. The function
v:[0,1] — R reflects the drug’s value net of its monopoly price, which the firm charges in periods

one and two. We assume that v is strictly increasing and satisfies
v(0) <—1 and 0 <wv(1), (5)

4 A drug’s revenue often peaks in year six (Robey and David|[2016).



where the price difference between the monopolistic and competitive periods equals the firm’s net
profit per unit, which is normalized to 1. That is, v(0) equals zeros minus the drug’s production
cost, minus the firm’s monopoly profit (which is normalized to 1), and minus the cost of toxicityﬂ
Therefore, if the test outcome is sufficiently poor, i.e., n is close to 0, then the regulator’s net payoff
remains negative even after the firm loses its monopoly power.
If market access is granted in period one at scale a, the regulator’s expected payoff is
cH
Vg - / 7(c)-ai(c)dF(c), (6)
cr,

where vg is the expected value of v(n) given by

vp = / () ().

Given the firm’s reported cost ¢ and the revealed efficacy level n, the drug is finally approved with
probability as(c,n). Therefore, the regulator’s expected payoff in period two is
cH 1
7@ Do @] [ o -astemacm are) @
At the end of period two, the firm loses its monopoly power, due to generic entry or the initiation
of government price controls. We assume that the price drops to the marginal cost. Therefore the
firm’s profit vanishes. The regulator’s unit payoff increases to v(n) + 1E| Letting A denote the total

demand after period two, the regulator’s payoff in period three is given by

a-f H | @)+ o)+ 1) aafen) dGin) AP (o) (®)

The regulator maximizes its expected payoff, given by the sum of @, , and :
CH 1
Unranad)= [ o) o)+ [ 0@ m) aendGin|ar@. o
cr, 0
where the coefficient of a, in the inner integral is defined as
®(ar,m;A) = (Ao + A ar) v(n) + A [v(n) +1]. (10)

The monotonicity of v(n) and assumption imply the following “single-crossing” property of the

function ®.

® Many conditionally approved drugs show toxicity in phase I and II trials. For example, many conditionally approved
drugs target cancer, such as chemotherapy, which is inherently toxic but potentially effective. The key questions are
whether the drug is sufficiently efficacious relative to its toxicity, and whether this justifies spending on the drug.

6 Recall that the profit margin before period three is normalized to 1.



LEMMA 1. For any a; € [0,1] and A >0, the function ®(ay,-;A) is strictly increasing, and
satisfies

®(ay,0;A) <0< P(a, 1;A).

In light of Lemma |1} we can define, for each level of conditional approval a; € [0,1], the “no-
leniency” threshold for final approval as the unique solution to the equation q)(al, ) =0, i.e.,
A
a)z=v | ——m—— ). 11
nNL( 1) )\0+)\1a1+A ( )

If A =0, the no-leniency threshold becomes

7=v"1(0). (12)

A regulator that could renege on its initial commitment after seeing the realization of 1 would
always set the final approval threshold at the no-leniency level, because this threshold maximizes
its continuation payoff after any amount of conditional approval granted in period one.

Under the assumption that any commitment made at the beginning of the first period is irrevo-
cable, the regulator’s problem can be stated as

Unp(A)= max Ug(r,a1,a2;A), (13)

7,a1,a2

subject to , , , , and .

The optimization problem in is infinite-dimensional and non-convex, hence well beyond the
reach of standard solvers. Our approach consists in partitioning the parameter space into three
regions, and using a different approach for each region.

In Section [3], we show that, if the drug is “low-cost,” i.e., the regulator’s belief about the firm’s
testing cost is concentrated on relatively low values, all and constraints in can be
ignored. In this case, the highest cost is not too high to be excluded. The problem is solved by
policies that provide no costly incentive to the firm, i.e., no leniency, and conditional approval only
if the belief in the drug’s efficacy is sufficiently optimistic.

In Section [4, we focus on the version of the model where the testing cost could be high, i.e.,
the regulator’s belief is not as optimistic as the previous case, and there is no third period, i.e.,
A = 0. We reformulate the problem in as a linear optimization problem, and provide analytical
expressions of optimal policies for all parameter values in this second region. The optimal solution
can be implemented by a “take-it-or-leave-it” policy which specifies a conditional approval scale
and a final approval threshold, in exchange for testing.

In Section |5, we let A > 0 and provide a linear relaxation of the regulator’s problem, which yields

an upper bound for the regulator’s expected payoff. Based on the solution to the upper-bound
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problem, we construct a take-it-or-leave-it policy that is feasible for the original problem .
This policy provides a lower bound on the regulator’s expected payoff. Under the calibrated model
parameters, the lower bound is within 97.5% of the upper bound. Moreover, when A = 0, the upper
and lower bounds coincide with the optimal objective value.

Optimal conditional approval and leniency may depend on the length of exclusivity. Longer
exclusivity raises firm profits but delays savings for the regulator. As a result, longer exclusivity
can strengthen development incentives and reduce the need for conditional approval and leniency,
all else equal. We report how optimal strategies vary with exclusivity length in Appendix [EC.3]

Before closing this section, we provide an in-depth discussion of the main assumptions in the

model.

2.1. Discussion of the Model

In this section, we discuss features of the model that correspond to the institutional detail in the
Appendix The interaction between the regulator and the firm testing a new drug unfolds
over two periods. Later, we add a third period in which the price falls. Period one begins at time
0, and period two begins at time ¢; (Figure [1)).

At time 0, the firm has already conducted preliminary tests, which are informative but insufficient
to yield statistically significant results. Consequently, the regulator’s decision to approve the drug
is complicated by residual uncertainty about the efficacy of the drug (Fact . Throughout the
game, the firm’s belief about the drug’s efficacy (n) is shared with the regulator.

A key question is whether efficacy is high enough to justify any toxicity. Some toxicity is accept-
able for serious diseases with limited treatment options, e.g., chemotherapy is inherently toxic but
potentially effective. Toxicity is generally known after phase I and II testing, and is especially well
known for new indications of an already approved drug, such as a cancer drug tested for a different
type of cancer.

While efficacy is publicly observed, confirmatory testing costs may be private for two reasons.
First, joint development makes it hard to attribute costs to a single drug. Second, rare-disease
drugs are often first in class and lack a predicate (Fact .

At time 0, the regulator can grant conditional approval in exchange for confirmatory testing
(Fact [3), which allows the drug to be sold to a fraction of the market (Fact [4).

If there is no confirmatory testing, either because the regulator does not grant conditional
approval or the firm decides to exit, the game ends with both parties earning zero payoffs. If instead,
the regulator requests testing and the firm accepts, the firm can start selling the drug in period
one, up to the market share conditionally approved. Testing is the only source of information about

efficacy; they do not learn more about the drug’s efficacy from sales (Fact @
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The firm has monopoly power until ¢, (Fact [7]) after which the price falls to marginal cost due
to generic entry or price controls (Figure . In Appendix we discuss how changes in the
monopoly-pricing period affect the optimal policy.

Revenue rises gradually in the years following approval as doctors and patients gradually become
aware of the drug (Fact [§)), as shown in Figure 2fa). Because of rising revenue, the firm benefits
from conditional approval not just because it can begin selling earlier, but also because its later
sales are higher.

For drugs with high testing costs, profit can be positive only if the drug is conditionally approved
at a large scale (Fact E[), as illustrated in Figure (b) The cumulative profit in the case of high

testing costs without conditional approval remains negative for the duration of the game.

(a) Annual revenue
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Figure 2 Annual revenue (top) and cumulative profit (bottom) depend on whether the regulator conditionally

approves (a1 > 0) or not (a; =0) (assuming final approval). Source: Authors’ analysis.

The regulator makes three decisions: (i) whether to induce the firm to conduct confirmatory

testing, (ii) at what scale the firm can enter the market before final approval, and (iii) where to
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set the efficacy threshold for final approval. In the next three sections, we characterize optimal

regulatory policies for various configurations of parameter values.

3. Low Testing Cost

In this section, we focus on cases in which the regulator’s belief about the firm’s testing cost

is relatively optimistic. For these “low testing cost” parameter configurations, the firm finds it

profitable to participate without any leniency, even at the highest possible testing cost cg.
DEFINITION 1. Let U r(a1,mm) denote the regulator’s expected payoff conditional on testing,

generated by conditional approval level a; and final approval threshold nmﬂ ie.,

Ur(ay,nm) = an1+/ [(Ao+>\1a1)v(n)+A [v(n) +1]| dG(n), V(ai,n.) € [0,1]% (14)

m
We say that a drug is
- “promising”, if

Ur(0,mxe(0)) < Ur(1,mne(1)); (15)

- “not promising”, if

Ur(0,1x0(0)) > Ur(1,mn1(1)); (16)

- “low-cost”, if either holds and

e <1+ Ao+ M) [1—=G0mwu(1))], (17)

or holds and
e < Ao [1=G(m(0))]. (18)
O

The expression in is obtained from the expression within the square brackets in @D, after
substituting a,(c) = a; and ay(c,n) = 1,>,,,. It represents the regulator’s expected payoff when the
firm runs confirmatory testing, is granted conditional approval at scale a;, and is promised final
approval only if the revealed efficacy n exceeds the threshold 7,,. The definition of “promising,”
as specified in , implies that the regulator achieves a higher expected payoff by granting full
conditional approval (a; = 1) than not (a; =0).

The next proposition establishes that it is optimal to provide no leniency if the drug is low-cost.

"If we replace any function az with the step function az (¢;n) =1y>n,.(c), Where the threshold 7, is given by

1= Gnm(c) = / as(e,n)dG(n),  Vee [er,cnl,

the firm’s expected profit remains unchanged, and the regulator’s expected payoff does not decrease, because the
unit payoff function v is increasing. Therefore we can restrict attention without loss of generality to threshold final
approval policies.
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PROPOSITION 1. (1) If the drug is promising and low-cost, i.e., and hold, 1t is optimal
for the regulator to grant full conditional approval and no leniency, which induces all cost

types to test, i.e.,
Y(e,n) € e, cr] % [0,1] T(c)=1, ai(c)=1, as(e,n) =1L, 1)- (19)

(2) If the drug is not promising and low-cost, i.e., and hold, on the other hand, it is
optimal for the regulator to grant no conditional approval and no leniency, which induces all

cost types to test, i.e.,
(e, 77) S [CLacH] X [07 1] : T(C) =1, al(c) =0, aQ(Can) = Ly o 0)- (20)

When the drug is low-cost, it is optimal to provide no costly incentives to the firm: always no
leniency, full conditional approval if the drug is promising, and no conditional approval if the drug is
not promising. Therefore the optimal policies in and also solve both “first-best” problem,
where the incentive constraints are ignored, and the “dictatorial” problem where both
and are ignored. We record this result in the next corollary.

COROLLARY 1. The “dictatorial” problem, defined as without and , and the “first-
best” problem, defined as without , are solved by the policy in under conditions ([15))

and , and by the policy in under conditions and .

If the inequalities in or hold strictly, the optimal policies described in Proposition
leave the firm with a strictly positive expected profit, even when its production cost is cg. This
never happens in standard procurement problems, where the constraint for the worst type

always binds.

4. High Testing Cost in the Two-Period Game (A =0)

Starting from this section, we allow the testing cost to violate the low-cost conditions of Definition
In other words, the regulator believes the firm’s testing cost could be high relative to the drug’s
potential. Furthermore, we also assume prices never fall from generic entry or price controls. This
implies A =0. In the next section, we will relax this assumption about prices falling.

Why assume prices do not fall? Generic competition may never emerge if the drug is displaced by
newer technology before patent expiry. Moreover, rare-disease drugs, the majority of conditionally
approved treatments (see fact @, often maintain high prices for two reasons. First, markets are
typically too small to support multiple firms. Second, Medicare price controls do not currently

apply to rare-disease drugs.
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4.1. Optimal Policies
When A =0, we can reformulate the regulator’s problem as a linear optimization problem, by
introducing the following variables:

Ve € [ep,eul: ai(c) =7(c)ai(c), and (21)

V(e,n) € en,en] X [0,1] 1 az(e,n) =7(c) Ao+ Arar(e)] az(c,n). (22)
The feasibility conditions — can be written as

Ve€ e en]l: 0<aq(c) <7(c), (23)

V(e,m) € len,cu] x [0,1] 1 0<aa(c,n) < Ao7(c)+ A ai(c). (24)

The firm’s total expected profit function in becomes

~

fi(e, ) = an (<) — e () + /O an(cn) dG (), (25)

and the regulator’s expected payoff in @ becomes

cy 1
Uniranaid) = [ [osast)+ [ ot aatemacin)] arte) (26)
Cy, 0
The next proposition establishes that, when A =0, we can transform the original regulator’s

problem defined in into an equivalent linear optimization formulation.

PROPOSITION 2. Recall Uj(A) defined in ([13). We have

UE(O) = Inax UR(Ta aq, (g A)’ (27)

7,001,002

subject to ,,,, and .

Furthermore, given an optimal solution {T*(c),c;(c), a3(c,n)} to [27), define

as(c,m)
)\Q T* (C) —+ Al af

* aj(c * _
1(©0=9 e and a3(en)=

7*(c)
Then, {T*(c),a;(c),a3(c,n)} is an optimal solution to (13).

© “Lrx(e)>0- (28)

The expressions for a7 and aj in follow directly from the change of variables defined in
and , given the optimal solution to . Proposition [2{ provides a translation between the
optimal incentive mechanism that solves and an optimal solution to the linear optimization
problem .

In the rest of this section, we focus on presenting the optimal solution to . A rigorous proof,
based on linear programming and duality, is presented in Appendix Here, we present an

intuitive (albeit non-rigorous) line of argument to motivate the result.
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We show that the optimal incentive mechanism when A =0 can be implemented as a take-it-
or-leave-it offer. That is, the firm is granted a single conditional approval scale a; and is promised
a single final approval threshold 7, in exchange for testing, if and only if its cost is below a cutoff
type co.

In the previous section, we examined the low-cost cases. Here, we turn to the cases where the
testing cost could be high, defined as the complement of the “low-cost” condition in Definition
where the regulator may need to screen out a high cost firm. The incentive constraints and
optimality conditions imply that a firm of cutoff type c¢q is indifferent between participating and

not. That is, its expected revenue across both periods is equal to ¢y, i.e.,
Co — ay + ()\0 + )\1 Cl]_) . [1 - G(T])] . (29)

Therefore a firm with testing cost below ¢, has no incentive to decline the offer. The regulator’s
problem can be rewritten as:
at,m,co (30)

subject to (29) and (ax,7, c0) € [0, 1] x [0,7]  [ez, cil,

where F'(cq) denotes the probability that a firm’s testing cost is below the cut-off type ¢y. Con-

max ﬁ(al,n,co)EF(CO)- vpa; + (Ao + A1 al)/ v(y) dG(y)]

straint (29) guarantees that such a firm is willing to participate. The term that multiplies F'(cy)
represents the regulator’s expected payoff from committing to a conditional approval scale a; and
final approval threshold 7, conditional on the firm’s participation. It is without loss of generality to
restrict the search for the optimal final approval threshold from within the interval [0, 7], following
the definition and the fact that v is increasing.

The optimization problem in can be interpreted as a procurement problem in which the
regulator wants to buy a new drug with the goal of maximizing total consumer surplus, and has
two instruments to incentivize the supplier: i) conditional approval a;, which generates revenue
in period one and stimulates demand after period one, and ii) “leniency” 7 < 7, which increases
the firm’s expected revenue after period one, by lowering the final approval threshold n below its
no-leniency level 7, thus increasing the probability of final approval.

Now we consider first-order conditions (FOCs) to maximize UU. We first eliminate a; using (29),

and substitute
co— Ao [1=G(n)]
L+M [1-GM)]’

in place of a; in the regulator’s expected payoff U. The partial derivative with respect to 7 is

(31)

&1 (777 CO) =

OU(a1(n, co),m:¢0) _ (Ao+Aico) Feo)g(n)
on 14+ M [1-G()]) - 2
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in which
h(n) EvE—v(n)+)\1'/ [v(y) —v(n)]dG(y), Vnel0,7]. (33)

It is clear that the sign of h determines the sign of U’s partial derivative with respect to n. The
function h is decreasing and satisfies h(0) > 0. Therefore, for any given ¢y, the objective function
U admits a unique maximizer 1*(co) € (0,7]. If the drug is promising, i.e., h(7) > 0, then the
derivative is nonnegative over the entire interval, and the maximizer is attained at the upper bound,
i.e., n*(¢o) =17. Conversely, if the drug is not promising, i.e., h(7j) < 0, then the maximizer n*(cy)
corresponds to the unique root of A in the interval (0,7).

The function h plays a central role in determining the testing and final approval thresholds under
the optimal regulatory policy. Before presenting the details, it is convenient to define the following

two functions, from setting a; in the right-hand side of to be 0 and 1, respectively:
c(m=x 1-Gm)], VYnel0,1], (34)
and
cm=1+Ao+M) [1-Gn)], Ynel0,1]. (35)

The following lemma defines the critical testing threshold on cost ¢ and the final approval thresh-

old on 7, to be used in the optimal mechanism.

LEMMA 2. The function h defined in is strictly decreasing with h(0) > 0, leading to the
following resultsf|
(1) If h(n) <0, there exists a unique 1 € [0,7] such that h(1) =0. Define

a0 (@ (7,).7.0) 0} | (36)

ézsup{ce[cL,cH]: P

(2) If h(7) <0 and ¢ < c(7), there exists a unique 7 € [1,7] such that

du(0,n,c(n))|
| —0, (37)
and we have h(n) <0.
(3) If h(n) >0 or h(n) <0 and ¢ > ¢&(n), define
nEinf{nE[O,ﬁ]:Wg(]}. (38)

We have h(n) > 0.

8 We extend the definition of F(c)/f(c) for c ¢ [cr,cr] as follows: F(c)/f(c) =0 for c < cr, and F(c)/f(c)=1/f(cu)
for ¢ >cp.
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Intuitively, the pair of testing threshold ¢ and final approval threshold 7 maximizes the prin-
cipal’s expected payoff U if we ignore feasibility constraints. The final approval thresholds 7 and
7 correspond to the maximizers of U when the conditional approval scales are fixed at 0 and 1,
respectively, and the cutoff types ¢, are set to ¢(7) and &(n), respectively.

The next proposition characterizes the optimal incentive mechanism for all parameter values.

PROPOSITION 3. Define three values, a conditional approval scale a*, a testing threshold c*, and

a final approval threshold n*, that depend on model parameters in the following cases.

(1) If h(n) <0 and c(n) < &< E(n), we have ¢* = ¢ and n* =1, and the optimal conditional approval
scale below the threshold is o = a1 (n*,¢*), where a, is defined by (31).

(2) If h(n) <0 and ¢ < c(n), the regulator grants no conditional approval, i.e., a* =0, and the
thresholds ¢* and n* are determined as follows:

(a) if c¢(7) < c, we have ¢* =cf, and n* =1;
(b) if cp, <c(n) < ey, we have ¢* =¢(n) and n* =17; and
(c) if c(7) < cy <c(n), we have ¢* =cy and n* =sup{n € [0,1]:¢(n) > cu}.

(3) If h(n) >0 or h(n) <0 and &> ¢&(n), the regulator grants full conditional approval to firms
whose types are below the threshold, i.e., o* =1. The thresholds ¢* and n* are determined as
follows:

(a) if €(n) < cr, we have c* =cp, and n*=1;
(b) if cL <¢(n) <cu, we have ¢ =¢(n) and n* =1n; and
(c) if ¢(n) < cy <¢&(n), we have ¢* =cy and n* =sup{n €[0,1]:¢(n) >cu}.

The following solution is optimal to :

() = Leglep,er)y 1(€) =" - Legie, o)y 5(c,m) = (Ao + A1 ") - Liemeles ) x 1]+ (39)

Cases (2) and (3) in Proposition [3|do not consider conditions cy < ¢(77) or ey < &(77), respectively,
because these are special cases of Proposition [I] for A =0. It can be verified that when A =0,

conditions ([L5)-(18) become h(7) >0, h(77) <0, cy < &(7)), and cx < c(7]), respectively.
Consider case (2) of Proposition [3f When h(7) <0 and ¢y < ¢(77), we have

¢<cy <c(n) <c(n).

Therefore, the condition ¢ < ¢(7) is already implied, and the optimal mechanism corresponds to
case (2) in Proposition
Next, consider case (3) of Proposition [3l When ¢y < ¢(77), we have

¢<cy <c(n) <en),

implying that the condition ¢ > ¢(7) is irrelevant. The optimal mechanism corresponds to case (1)

in Proposition [I}
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4.2. Calibration

Here, we use the calibrated model parameters with A =0. Figure [3] shows how the optimal policy
changes as the drug’s expected effectiveness increases. In this and later figures, except Figure
[6l we use the calibrated values of the model parameters from Table in Appendix a
uniform distribution of private information ¢, the cdf G(n) =n"* for various values of k to obtain
the corresponding ex ante expected values vg, and a linear regulator’s utility function v. We plot

*

c*, o*, and n* against vg.

(a) Testing threshold ¢*

CH

conditional

approval
0 | o a Ve 1
m U2 U3 Uy 0
c) Final approval threshold n*
n—073 (c) PProv 7
E Final approval l
06l 8 |
= l
Z |
0.5 l !

Expected value (vg)

Figure 3 Drugs with high expected value and low testing cost are tested (top panel), receive conditional

approval (middle panel), and have a high final approval threshold, meaning less leniency (bottom panel).

We partition the vg space into five intervals. In the first interval (vg < vy), the drug’s expected
effectiveness is so low that it is not worth inducing testing. Therefore, in this first interval, the drug

will never be tested (¢* =c¢y,), and hence the regulator grants no conditional approval (o* =0). In
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the second interval, vg € [v1,v7), the optimal policy grants no conditional approval but induces the
firm to test if the testing cost is relatively low by providing some leniency, i.e., n* < 7. In the third
interval [vq,v3), as the expected value vy increases, the regulator progressively grants greater scales
of conditional approval while becoming more stringent on the final approval threshold. Because
the scale of conditional approval increases, the cutoff type ¢* also increases. In the fourth interval
Vg € [v3,v4), the regulator reduces the scale of conditional approval and continues raising the final
approval threshold. The firm is now willing to test regardless of the cost (¢* = cy). Here, the
regulator lowers the conditional approval scale a* because the higher likelihood of final approval
already provides sufficient incentive for the firm to test. Finally, in the fifth interval vg € [vg,v(1)],
the assumptions of Proposition [I] hold, hence, the optimal policy coincides with the “first-best”
policy. The regulator grants full conditional approval and no leniency, and the firm tests regardless
of the cost.

Note that the scale of conditional approval, a*, exhibits a discontinuous jump at vg = v,. The
intuition behind this behavior is as follows. When vy approaches v, from the left, the final approval
threshold converges to 7. Correspondingly, the coefficient of a; in the regulator’s payoff function
@ is given by )

vt A [ o) dG),
n

which crosses 0 at v, from below. Consequently, it becomes optimal to grant full conditional
approval, i.e., a* =1, when vg increases beyond v,.

The regulator’s final approval threshold (n*) is lower for drugs with lower expected value (vg)
under the parameters in our calibration exercise (Figure (c)) Under a higher expected value, the
regulator can set a higher final approval threshold without discouraging the firm from testing. The
particularly interesting observation in Figure (c) is that the threshold n* may be strictly less than
the myopic threshold 7. Recall that if the efficacy is at 7, the drug’s societal value v(77) = 0. It may
be counterintuitive that the regulator should grant final approval to a drug whose societal value is
negative. The reason is that if the ex ante effectiveness vy is fairly negative and the regulator still
holds the final approval threshold at 7, the chance of success is too low for the firm to be willing
to test. This may forfeit the possibility of developing a drug that could turn out to be efficacious.
In order to ensure sufficient profit for the firm to invest in testing, the regulator can either use
conditional approval or commit to a final approval threshold that is lower than the “no-leniency”
threshold 7. That is, committing to the final approval of a drug with societal value v(n) <0 can
be interpreted as the society sharing part of the testing cost with the firm, in the hope that the
drug may ultimately prove more efficacious.

In practice, missing the threshold might mean that the trials were not conclusive in demonstrating

a benefit for the average patient, but the regulator asks for no more. The regulator can commit to
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a lower threshold during discussions with the firm before confirmatory testing. Indeed, the FDA
grants what it calls “breakthrough status” to certain drugs, providing the developer with timely

advice on clinical trial design (Fact [LT)).

4.3. Benchmark: First-Best Optimal Policies

How do the optimal policies under private information compare to the first-best policies, where the
regulator observes the firm’s testing cost? The answer depends on whether the regulator believes
testing costs are low or high. The previous section showed that the first-best and second-best
solutions are the same under low-cost beliefs (see Corollary . We now examine the case where
testing costs may be high. More precisely, these first-best policies solve the regulator’s problem
with A =0, without the incentive compatibility constraints . That is, we define the first-best
optimization problem as

UFBE max UR(T,al,GQ;O), (4())

7,a1,a2

subject to , , , and .

Because the firm’s testing cost is potentially high, any first-best policy generates zero expected
profit for the firm, thus solving the optimization problem with ¢y = ¢. Among the multiple
combinations of leniency and conditional approval that yield zero expected profit, it is optimal to
use the combination that maximizes the regulator’s expected payoff.

The next proposition provides a formal characterization of the first-best policy when A =0.

PROPOSITION 4. Suppose that either and ¢> 14+ (Ao + A1) [1 = G(nne(1))] hold together,
or and ¢ > Ao [1 — G(nn1.(0))] hold together. The combinations of conditional approval a} and
final approval threshold n*, as defined below, solve the optimization problem on the right-hand side
of , when restricting to policies that induce testing.

(1) If the drug is promising, i.e., h(i) >0, then:
(a) if &(7) < c<&(0), we have a; =1 and n* =G~ (1 S >; and

Ao+ A1
(b) if ¢>¢(0), the regulator cannot induce the firm to conduct testing.

(2) If the drug is not promising, i.e., h(n) <0, then:

(a) if c(7) < c<c(1)), we have at =0 and n* =G~ <1 - )\c) ;
0

(b) if c(n) < c<e(n), we have aj = a1 (1), c) and n* = 1j;

—1

(c) if e(1) < c<¢&(0), we have a; =1 and n* =G™! (1 — )\C+)\>, and
0o+ A1

(d) if ¢>¢(0), the requlator cannot induce the firm to conduct testing.

It is optimal to induce testing (i.e., T =1) if and only if the regulator’s resulting expected payoff

18 monnegative.
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Figure 4 First-best policies for various values of the regulator’s expected unit payoff v and the testing cost c.

Figure [ illustrates first-best optimal policies for four representative parameter configurations.
At point (1), the first-best policy grants full conditional approval and no leniency. At point (2),
the drug is less ex-ante efficacious (while the testing cost remains unchanged), so the first-best
policy grants neither conditional approval nor leniency. These two points correspond to the two
cases considered in Proposition [If and Corollary [1} At point (3), the testing cost is higher (while
efficacy remains the same as at point 2), so it is optimal to grant no conditional approval, and
some leniency is required to induce testing. This corresponds to case (2)(a) in Proposition {4l At
point (4), the even higher testing cost ¢ requires a combination of leniency and a positive scale of
conditional approval to induce testing. This corresponds to case (2)(b) in Proposition @

Next, we illustrate the value of information, i.e., the gap between the regulator’s expected payoffs
in the first-best and second-best scenarios (Figure . When the belief about efficacy is pessimistic
(e.g., vg < —40), the value of information is small. This indicates that learning the firm’s true
testing cost provides little benefit to the regulator, because only limited information rent is paid
in this case. When the belief is optimistic (e.g., vy > —8), the value of information is zero because
the first-best and second-best policies coincide, as explained in Corollary [II When the belief is
intermediate, the value of information first increases and then decreases as the drug becomes more
efficacious (e.g., vp increases from —40 to —8), reflecting the regulator’s willingness to pay to learn

the true testing cost.

5. High Testing Cost in the Three-Period Game (A >0)

We now consider the case of potentially high testing costs and a third period in which the drug
price falls due to generic competition or price controls. A lower price in the third period implies
an even higher net benefit to the regulator. For A > 0, the regulator’s problem cannot be

formulated as an equivalent linear optimization as in Section Therefore, we present a linear
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Figure 5  The regulator’'s expected payoff in the first-best (Urp) and second-best (U3 (0)), and the value of

information (Urg — U%(0)) as beliefs about efficacy 7 change.

optimization relaxation, which not only provides an upper bound for Ux(A) but also allows us to

construct a feasible mechanism.

5.1. Upper-Bound Linear Optimization
In addition to «; defined in , we define the following new decision variables for any (c,n) €

[cr,cr] x [0,1]:

Go(e,n) =71(c)az(c,n), and (41)

d3(c,n) = au(c) dz(c,n) = ar(c) az(c,n). (42)

Using these notations, the regulator’s payoff function @ becomes

UR(T,al,dz,dg;A)z/CH [UEQI(C)+/(J (Ao +A)v(n) + Al d2(c,n) dG(n)

crL

o [ o asten) dG<n>] aF(c). (43)

and the firm’s payoff function becomes

A~

(c,d)=ay () —eT(c) —i—/o Ao é2(c',m) + A1 és(¢', )] AG(n). (44)
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We further impose the following constraints on the decision variables &, and és: for any (¢,n) €

[cr,cn] % [0,1], we require

0 < ds(e,n) <7(c), (45)
0 <éas(c,m) <ds(e,n), and (46)
dis(c,m) < o (c) (47)

The regulator’s upper-bound problem can be formulated as the following linear optimization

problem:

Uip(A)=  max UR(T,ozl,ézz,dg,;A), (48)

T,a1,82,43

subject to (IC), (IR), (), [23), @), (@6), and (A7),

where Ug, and II follow (43) and , respectively.
The next proposition formalizes that the objective function value of the optimization problem

(48) is an upper bound for the original problem .
PROPOSITION 5. Ug(A) > Uji(A) for any A > 0.

Under Assumption (1}, the optimal solution to the regulator’s upper-bound problem is fully

characterized by four constants: ¢, &, 71, and 7y. The following proposition summarizes this result.

ProproSITION 6. Consider the optimization problem under Assumption . There exists an
optimal solution {7(c), &1 (c), &a(c,n), és(c,n)} that can be summarized by four values: a cost thresh-
old ¢ € [cp, cy], a scale of conditional approval & € [0,1], and two efficacy thresholds 1)y and 1y with

0<1 <1s <7, as follows: for any (c,n) € [cr,cx] x [0,1],
7A-(c) = ILc<éa dl (C) =a- ]]-c<é-

Furthermore, &y and &z demonstrate one of the following two cases:

Case 1:
Qale,n) = Vemelep.oxtinls  Q3(6,n) =& Liemeler.e)x i1} (49)

Case 2: . .
17 V(Cﬂ?) € [Cch) X [7727 1]7
o(c,m) = q @ V(e,n) €lew, @) X [, 72),  ds(en) =& Lemeepaxpma-  (50)
0, otherwise,

The proof of the proposition, presented in Appendix[EC.4.4] provides closed-form expressions of
¢, &, 11, and 7)o, which vary depending on the model parameters. For simplicity of exposition, we

leave the detailed expressions to Proposition in the appendix.
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Figure 6 lllustration of &2 and &3 from Proposition @ The left and right panels correspond to cases 1 and 2,

respectively, with the dashed and solid lines representing G2 and é&s, respectively, for a given c € [cz, é).

It is worth mentioning that the solution described in Proposition [6] may not be feasible to the
original problem . To explain this, we observe Figure |§|, which illustrates the two cases of the
optimal &, and &3 for a given c € [cr, ¢) as described in Proposition @ As shown in the figure, the
thresholds 7; and 7, may differ. As a result, we cannot identify a final approval policy based on é&s
and &3 that achieves the optimal value of the objective function in (48]).

As a special case, if the optimal & = 0, then 7, and 7; are irrelevant in Cases 1 and 2, respectively.
This implies that the upper-bound optimal solution is feasible to the original problem . In
particular, the principal offers no conditional approval while including a firm with cost less than ¢
to test. If Case 1 (resp. Case 2) of Proposition |§| holds, then the final approval decision follows the

threshold 7; (resp. 7). This result is summarized in the following corollary.

COROLLARY 2. If the optimal solution described in Proposition [0 satisfies & = 0, we have
Ur(A) =Ug(A).

If A =0, the two thresholds 7; and 7}, always coincideﬂ ensuring that the optimal solution to
the upper-bound problem remains feasible for the original one. Hence, the upper bound U is tight

when A = 0. This property is documented in the following corollary.
COROLLARY 3. We have Uj(0) = Ux(0).

5.2. Feasible Mechanism and Lower Bound

When the drug is low-cost (Definition , the policies described in Proposition [1| are optimal. For
drugs with potentially high testing costs, the following proposition states that, given the optimal
solution to the upper-bound problem , we can always construct a feasible solution to the

original problem , with its objective function value serving as a lower bound.

9 See Lemmas |EC,3I, |EC.4L and |EC.6| for details.
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PROPOSITION 7. Let {7(c),d1(c),da(c,n),as3(c,n)} denote the optimal solution to the upper-
bound problem described in Proposition [ (i.e., 7(c) = L.<; and é(c) = &+ Ll.ce). For any
c€ cr,¢), define a threshold n; € [0,1] as the unique solution to

/\o/0 dz(c,n)dG(n)JrAl/o as(e,n)dG(n) = (Ao + A &) [L = G(m)]. (51)

Based on these, define

all (C) =a-l.ce and a'z(CJl) = ﬂ(C,n)E[CL,é)X[m,l]; (52)

and
=0+ N+ a) [1-Gin(@)], 7(c) =Lecey, (53)
)
aj (€)= locey, and ay(c,n) = Licn)cler co)x i (@),1]-

Both {#(c),d;(c),ay(c,n)} and {7"(c),a](c),ay(c,n)} are feasible solutions to (L3)). Therefore, we
have

Ui(A) = max{Ug(7,d}, a5 A), Ur(r",af,a3; A)} SUR(A). (54)
Finally, if 1, > (&), we have UL (A) = Ug(", !, al; A).

As in Section , the feasible solutions to the optimization problem constructed in Proposition
[7 can be implemented as follows. The regulator chooses between two take-it-or-leave-it offers.
Expression (along with the function 7) indicates that the drug is tested if its cost ¢ is below
the threshold ¢, and receives a conditional approval at scale & and final approval if the efficacy
result 7 is above 7;. Similarly, specifies the testing threshold, conditional approval scale, and
final approval threshold as ¢y, &, and 71 (&), respectively. Expression then implies that the
regulator chooses the better one between the two aforementioned mechanisms, which provides a
lower bound on the optimal value U},(A).

In the first construction , we take both ¢ and & directly from the upper-bound optimal
solution to construct a feasible mechanism. In the second construction , by contrast, we use
only & as the conditional approval scale, and set the final approval threshold to 7y (&).

It is instructive to explain how we obtain the other thresholds accordingly. The final approval
threshold 7, is determined by , which guarantees that the firm receives the same expected
payoff as in the upper bound optimal solution (and hence all incentive constraints and
are automatically satisfied). In particular, the left- and right-hand sides of represent the firm’s
expected payoff in period two under the optimal solution to the upper-bound problem and
our candidate solution, respectively.

In the second case, we set the final approval threshold to nx1(&) because it is never optimal to

choose a higher value. Given this threshold, we then determine the testing threshold ¢, from
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such that the constraint for the threshold type binds. This choice of ¢, also ensures that the
incentive compatibility constraint is satisfied.

Finally, when nni(&) < 71, the coefficient of ap remains nonnegative for all n € [nni(&), m],
implying that lowering the final approval threshold from 7; to nyi(&) increases the regulator’s
expected payoff from any participating firm. Moreover, since ¢, > ¢, the second policy induces
greater participation. Therefore, it strictly outperforms the first policy. This explains the last

sentence of Proposition

5.3. Calibration
We again use the calibrated model parameters following Appendix [EC.2| and obtain the optimal
upper-bound solution according to Proposition for various (i, similar to Section Based
on these, we construct feasible solutions to the original problem following Proposition [7]

Figure [7j(a) illustrates the performance ratio (PR) of the candidate solution compared with the

upper bound, i.e., .
_Ur
=T

PR

Under the given model parameters, the candidate solution consistently achieves a performance
ratio exceeding 0.975, implying that it is very close to optimal. In particular, the performance
ratio equals 1 when the beliefs about efficacy are either very pessimistic (vg < vs) or sufficiently
optimistic (vg > vs). In the pessimistic case (vg < vg), it is optimal to grant no conditional approval,
and the upper and lower bound objective values coincide. This corresponds to Corollary [2} In the
optimistic case (vg > vs), the “no-leniency” policy described in Proposition (1 is optimal, yielding
the exact optimal solution to the original problem.

Our candidate mechanism shares the same characteristics as the optimal one when A =0: the
regulator induces testing if the cost ¢ is low (below the threshold ¢) and grants final approval if
the efficacy 7 is high (above the threshold 7). Against the corresponding expected values vg, we
plot the testing threshold é (Figure [7(b)), the scale of conditional approval & (Figure [fjc)), and
the threshold of final approval /) (Figure [7j(d)). Compared to Figure [3| the testing threshold é is
weakly higher due to the regulator’s positive payoff after period two, as shown in panel (b).

The discontinuous jump of & in panel (¢) at vy = v, arises for the same reason as discussed in
Section When vg > vy, as the drug appears more promising, the coefficient of a; in the regula-
tor’s payoff function @D remains nonnegative, implying that it is optimal to grant full conditional
approval, i.e., & =1.

In panel (d), we use the notation 7, to represent the highest final approval threshold. Its value

coincides with 7y, (defined in ) when a; =1, i.e., 7o =nni(1). Given & =1, the coefficient of
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Figure 7 The lower-bound mechanism derived from the upper-bound problem performs well (top panel). Drugs
with high expected value and low testing cost are tested (second panel), receive conditional approval (third

panel), and have a high final approval threshold, meaning less leniency (bottom panel).

ay in the integrand of the objective function is nonnegative for all 7 € [7,, 1]. Therefore, it is never
optimal to set the final approval threshold above this value.
We compare policy performance with and without the tools of conditional approval and leniency

(Figure . First, consider the scenario where the regulator uses conditional approval but not
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Figure 8 Performance ratios and the regulator’s expected payoff (in million USD) of our candidate policy, the

conditional approval-only policy, the leniency-only policy, and the policy without both tools.

leniency. Here, it fixes a naive final approval threshold, 77/, defined as the no-leniency threshold

when a;=0:
1 =mxu(0) =inf{n €[0,1]: (Ao + A) v(n) + A > 0}. (55)

When the regulator uses only a leniency threshold and not conditional approval, we have a;(c) =0
for all ¢ € [er,cy]. With neither tool, the final approval threshold is 77/, and only firms with low
testing costs proceed with trials. For completeness, we present the optimal policies in closed form
in Appendix

In Figure (a), the solid line matches the curve in Figure (a). We observe that when either
tool is unavailable, performance drops significantly under certain model parameters, highlighting
the importance of both tools. It is worth noting that when the expected value vg is close to vy,
the policy without leniency performs best among the four. This is because our candidate policy,
which utilizes both tools, is constructed from an infeasible solution and is not necessarily optimal,

making it possible for another policy to outperform it.
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We plot the regulator’s expected payoffs (in millions of USD) for the four scenarios in Figure
(b). For instance, when G(n) = 1*?2, we have vy = —15.2, which falls between vs and v,. At
this point, the regulator’s payoffs are $187, $231, $270, and $270 million under the policies with
neither tool, only leniency, only conditional approval, and both tools available, respectively. That
is, considering both conditional approval and leniency yields a value as high as $83 million.

Hence, conditional approval and leniency can generate more than $6 billion in social value during
a decade, compared to using neither, assuming a value of about $83 million per drug and 79 drugs
per decade. Additional value goes to shareholders, but we do not estimate it here. Nearly all of the
social value comes from conditional approval rather than leniency, although leniency is relatively

important for drugs with lower expected value (Figure [§|b)).

6. Conclusion

In 1992, the FDA granted its first conditional approval to an HIV-AIDS drug. The original aim was
to accelerate patient access. We show that conditional approval offers a second benefit: encouraging
investment in drugs that might otherwise be undeveloped.

We estimate that optimal use of conditional approval and leniency, compared to using neither,
can generate hundreds of millions of dollars in social value each year, in addition to commercial
value. Nearly all of the social value comes from conditional approval, rather than leniency, although
leniency is relatively important for drugs with lower expected value.

Our analysis demonstrates the high value of conditional approval, even under our conservative
framework that omits two additional benefits. First, conditional approval can accelerate price
reductions if the end of pricing power depends on the approval datem Second, conditional approval
creates opportunities to learn from real-world use. Observational data may reduce the required
sample size in clinical trials and lower testing costs. In this way, conditional approval can raise
profits not only through earlier sales (as modeled), but also through reduced testing costs. This
benefit, however, depends on the regulator’s willingness to use non-randomized evidence, which is
subject to selection bias[M]

Our results yield three policy recommendations for lawmakers regarding regulatory authority.
First, regulators should be allowed to conditionally approve drugs with low expected efficacy,
accepting that some will later be withdrawn. The FDA'’s actual withdrawal rate was 22% for drugs
conditionally approved between 2013 and 2017 (Figure . Our back-of-the-envelope calibration

implies that this is consistent with the optimal withdrawal rate for drugs with zero expected value

10 Barlier approval can lead to earlier price declines if the patent expires before exclusivity ends, or if the drug is
subject to Medicare price regulation. See Appendix for details on the duration of market power.

1 For example, if only high-income patients use the drug, their outcomes may reflect socioeconomic advantages rather
than drug efficacy.
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(Appendix . This indicates that, in the past, the agency approved a mix of drugs with
positive and negative expected values. However, parts of the agency have become more conservative,
as the head of gene therapy appointed in 2025 has called for stricter conditional approval standards
and less leniency (The Economist|2025).

Second, regulators should have the flexibility to grant partial conditional approval, such as
restricting access to specific patient subgroups. Limiting insurance coverage could achieve a similar
effect. Partial access should not be motivated solely by evidentiary uncertainty, though, but by
whether limited access suffices to motivate continued development.

Third, regulators should be able to commit to a final approval threshold below the myopic
threshold to encourage testing. The FDA appears to follow this practice, though the policy is not
formally codified.
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Online Appendix

This online appendix includes facts, model calibration, and proofs.

EC.1. Institutional background
Details about drug regulation and competition provide a foundation for the model.

Fact 1: The regulator does not typically directly finance late-stage testing. About 3% of NIH’s
total research budget was devoted to financing the clinical testing of drugs ultimately approved
between 2010 and 2019 (Zhou et al.2023). Rather than supporting late-stage trials for firms, NIH
funding is typically directed toward lower-cost, pre-clinical research conducted at universities. A
notable exception was the financing of late-stage testing for COVID-19 vaccines through Operation
Warp Speed (Snyder et al.|2023).

Fact 2: Phase II clinical testing provides limited information about a drug’s efficacy. Sample
sizes are typically smaller in phase II than in phase III and are insufficient for definitive inference.
Phase I and II trials tend to be short and small to minimize patient risk and financial cost, given
that most drugs entering phase II do not progress to phase I1I (DiMasi et al.[2016)). We treat phase I
and IT testing costs as sunk, but the model could be reframed to account for earlier decision-making
by the firm.

Fact 3: The regulator can require initiation of confirmatory testing as a condition for grant-
ing conditional approval. Beginning in fiscal year 2023, the U.S. Congress granted the FDA the
authority to mandate that trials begin before a drug receives conditional approval (US Congress
2023). Previously, some firms selling conditionally-approved drugs cited difficulty enrolling enough
patients in trials for rare diseases. This rationale was often a convenient excuse, as confirmatory
testing could reveal that the drug should be withdrawn (Xu et al.|2021}, Frank et al[2022). Among
46 cancer drugs granted conditional approval between 2013 and 2017, 15% had not completed
testing after a median of six years (Liu et al.[|2024) (Figure . However, we expect that under
the new policy, the share of drugs failing to do timely testing will drop.

Fact 4: The regulator can grant conditional approval for only a share of patients. For example,
approval may be limited to those with the most severe conditions, or coverage may be restricted
so that only some patients are reimbursed while others pay out-of-pocket. In the United States,
the FDA determines approval scope, while Medicare sets coverage rules, both under the Secretary
of Health and Human Services. After conditional approval of an Alzheimer’s drug, for instance,
Medicare covered it only for patients who agreed to participate in a study of its efficacy (Centers
for Medicare & Medicaid Services 2022). For tractability, we assume conditional approval applies
to a share of uniform patients.

Fact 5: Testing costs are privately known by the firm. According to Light and Warburton (2005),

“this science-based industry refuses to allow independent parties to check the validity of their cost
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Figure EC.1 For 46 cancer indications conditionally approved in the U.S. between 2013 and 2017, 43%
received final approval after demonstrating statistically significant benefits in confirmatory trials, 20% received
final approval despite |Liu et al.| (2024) finding no evidence of statistically significant benefits, 22% were

withdrawn, and 15% remained in ongoing testing. Source: Authors’ figure based on data from [Liu et al.| (2024).

data and analyze it so that policy can be based on solid, objective, reproducible evidence.” Firms
do not disclose testing costs, because it is hard to allocate joint costs. Also, firm executives fear
being held up. Disclosing testing costs could lead the government to reimburse only the testing
costs, without compensating for the failures of other drugs or the opportunity cost of capital. For
external parties, it is especially hard to benchmark costs for conditionally-approved drugs because
they tend to be novel with few comparable examples.

Fact 6: Information from use of the drug outside randomized trials is not very informative, as it
is noisy and subject to selection bias. For example, if healthier, high-income patients are more likely
to purchase a drug, observed outcomes may overstate efficacy. Accordingly, our model assumes
that usage after conditional approval does not affect phase III testing. If “real-world evidence”
were informative, it could reduce firms’ testing costs by allowing smaller or shorter trials. Hence,
we might underestimate the value of conditional approval.

Fact 7: Drugs given conditional approval are typically for rare diseases and do not have com-
petition. From 2015 to 2024, more than 80% of FDA conditional approvals were for rare diseases
(see Figure . At launch, drugs for rare diseases typically have no competition, due to orphan
drug exclusivity of seven years in the U.S. and ten years in Europe. Even years later, markets for
rare diseases are often too small to attract multiple firms.

Fact 8: Conditional approval increases the firm’s revenue during conditional approval and several
years afterward. Drug revenue typically rises during the first five years after approval (Robey and
David |2016)), as physicians and patients become more familiar with the drug. Demand is higher for

drugs with which physicians and patients have more experience (Ridley and Lee [2020).
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Figure EC.2 The FDA granted conditional approval to 79 drugs between 2015 and 2024. Most of the
conditionally-approved drugs treat rare diseases. The official FDA term for conditional approval is “accelerated
approval” and for rare disease is “orphan disease.” Source: Authors’ analysis of data on approvals of new

molecules by the Center for Drug Evaluation and Research.

Fact 9: Conditional approval provides earlier revenue for some firms that would otherwise not
continue testing. According to the head of the FDA center responsible for gene therapies and
vaccines, “The wherewithal to do a three-year study or a four-year study without having a revenue
stream, it’s just beyond many companies that are startups. So having the accelerated approval
process is a way to get there” (Armstrong|[2024)).

Fact 10: A discrete-time model is appropriate in our setting because human clinical trials
typically involve pre-specified endpoints and results that are announced all at once. Typically,
phase III trials have pre-specified endpoints, followed by a comprehensive analysis by the firm
before regulatory submission. However, there are exceptions, such as early-stage animal testing
and the rolling review of the COVID-19 vaccine, which have a more flexible and exploratory set of
protocols.

Fact 11: The regulator can signal to the firm that it will grant final approval to a drug that
narrowly misses the efficacy threshold. The FDA has granted final approval to several drugs that did
not prove efficacy (Figure[EC.1)). Furthermore, the FDA will advise some firms before confirmatory
testing about how to design their trials and what evidence will merit approval. Under a 2012 law,
FDA staff support the developer of a potential breakthrough drug by “providing timely advice to,

and interactive communication with, the sponsor regarding the development of the drug to ensure
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that the development program to gather the nonclinical and clinical data necessary for approval is

as efficient as practicable.”

EC.2. Calibration

We calibrate the model to illustrate its application and to inform policy recommendations. Our
approach proceeds in five steps: First, we select a representative drug. Second, we use the literature
on drug development to determine values for the probability of technical success and the discount
rate. Third, we estimate the testing cost for a representative drug. Fourth, we estimate drug doses
and revenue for a representative drug. Fifth, we apply these parameter values to calculate the
cumulative net present value for a representative drug.

We select a representative drug that received conditional approval: avelumab (brand name Baven-
cio). In 2017, the FDA granted conditional approval for avelumab to treat skin cancer based on
tumor shrinkage. In 2023, full approval was granted based on clinical benefits. Following its initial
approval for skin cancer, avelumab was also approved for bladder and kidney cancers.

The discount rate (§) is set at 10.5% (DiMasi et al.|2016]), and for simplicity, we assume that

both the regulator and the firm use the same discount rate.

EC.2.1. Estimated testing costs

We assume that phase III clinical testing costs are evenly distributed over the first three years,
with the regulator making the final approval decision at the start of the fifth year. The firm sells at
monopoly prices for thirteen years, after which we assume the net revenue following generic entry
is negligible.

To establish the lower and upper bounds for avelumab’s testing costs, we use estimates from
similar drugs. A prior study analyzed financial filings from companies with few drugs and limited
joint costs, which made it easier to attribute expenses to a specific drug. Among 355 drugs approved
by the FDA between 2009 and 2018, Wouters et al. (2020) identified sufficient testing cost data
for 63 drugs. Of these, 13 drugs had phase III testing cost estimates in the same therapeutic
class (antineoplastic and immunomodulating agents) as avelumab. For the low estimate, we used
brigatinib’s phase III testing cost of $98.1 million (in 2018 dollars). For the high estimate, we used
$630.7 million for sarilumab. However, these estimates are imprecise. For example, the authors

expressed low confidence in the phase III cost estimate for sarilumab.

EC.2.2. Estimated doses and sales
Next, we estimate the total doses and revenue for the representative drug. We have only publicly
available data on Medicare and Medicaid patients so we extrapolate to the total market. Also, our

analysis uses data on total sales of avelumab across all indications, meaning the reported sales
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Avelumab
Medicaid+Medicare ($MM)® 121
Total sales ($MM)® 290
Net revenue ($MM)® 217
Price per dose ($)? 86
Production cost per dose ($)° 21.5
Total doses (MM)” 3.37
Willingness to pay per dose ($)? 118

* Medicaid and Medicare Part B spending (Source: (Centers for Medicare & Medicaid Ser-
vices|2024))

b “Medicaid+Medicare” multiplied by 2.4 because Medicaid and Medicare accounted for 42%
of total U.S. prescription drug spending at the time (Source: National Health Expenditures)

¢ “Total sales” multiplied by 0.75 to reflect cost of goods sold is

25% of  total  sales (Source: Harmand, https://hardmanandco. com/

2021-pharma-statistics-long-term-cost-underlying-ebit-analysis/)

We use Medicare prices because they are negotiated by commercial insurers and are similar

to commercial prices. We use Part B spending for avelumab, because it is mainly admin-

istered by providers. (Source: Centers for Medicare and Medicaid Services)

“Price per dose” multiplied by 0.25 to reflect production cost of goods

sold is  25% of price (Source: Harmand, https://hardmanandco.com/

2021-pharma-statistics-long-term-cost-underlying-ebit-analysis/)

I “Total sales” /“Price per dose”

9 We assume that the buyer’s surplus is half of the seller’s. Hence, the willingness to pay is
1.375 times the unit price.

Table EC.1 Annual doses and prices for avelumab in 2022.

d

o

figures are larger than those specific to the skin cancer indication. Table summarizes the
annual sales data for avelumab in 2022.

We denote the firm’s net profit per dose by 7 and the number of doses sold during the conditional
approval period (under full conditional approval) by ¢. Both values are normalized to 1 in the
theoretical model (see Section .

The price per dose is $86, the production cost per dose is $21.5, and the patient’s willingness to
pay $118 (Table [EC.1)), and we have

=986 —$21.5=$64.5, v(0)=$86, wv(1)=S$118—$86=$32. (EC.1)

Table summarizes the (discounted) annual doses of avelumab. When full conditional
approval is granted, the firm’s total sales in the first 4 years are 4.36 million doseSB and from

years 5 to 17, they are 15.43 million dosesH When no conditional approval is granted, if the drug

12 Summation of Years 1 to 4 of “Discounted annual sales” for “Full conditional approval” in Table
13 Summation of Years 5 to 17 of “Discounted annual sales” for “Full conditional approval” in Table


https://hardmanandco.com/2021-pharma-statistics-long-term-cost-underlying-ebit-analysis/
https://hardmanandco.com/2021-pharma-statistics-long-term-cost-underlying-ebit-analysis/
https://hardmanandco.com/2021-pharma-statistics-long-term-cost-underlying-ebit-analysis/
https://hardmanandco.com/2021-pharma-statistics-long-term-cost-underlying-ebit-analysis/

e-companion to Xu, Lopomo, Ridley, and Sun: Conditional and Lenient Drug Approvals ec’?

receives final approval, the firm’s total sales are 11.34 million["] By their definitions in Table

the values of ¢, A\g, and \; are determined by

q=4.36 q=4.36
Ao =11.34 = {A=11.34 . (EC.2)

The discounted quantities sold from year 18 onward are given byE|

oo

3.37
=5.88. EC.
Z (1+10.5%)° 088 (EC.3)

Under fixed duration, if conditional approval is granted, the firm is only able to sell at the
monopolistic price ($86) until year 13. In this case, the total discounted doses in the final approval
period decrease by 2.89 millionm Conversely, the total discounted doses during the competitive
period increase by the same amount, as Years 14 to 17 are now included in the competitive period.

The estimated model parameters are summarized in Table

EC.2.3. Estimated cumulative net present value

Next, we apply the parameter values to estimate the cumulative net present value for avelumab
when the testing cost is at its maximum value, ¢y = $630.7 million, is evenly distributed over the
first three years, and full conditional approval is granted. Table [EC.4]displays the firm’s cumulative
net present value.

Figure shows the firm’s cumulative net present value under various scales of conditional
approval. The upper and lower curves in each panel represent the firm’s cumulative net profit when
testing costs are at their lower bound (c;) and upper (cg) bound. For testing costs that fall within
[cr,cr], the corresponding curve lies in the shaded area. In the absence of conditional approval

(a1 =0), firms with high testing costs will forgo testing, causing a potential societal loss.

EC.2.4. Calibrated optimal policy
Next, we estimate the optimal withdrawal rate, i.e., the optimal share of conditionally approved
drugs ultimately denied final approval (Figure . If the regulator grants conditional approval,
given the final approval threshold 7, the probability of withdrawal is G(7).

In Figure [EC.4] there are two discontinuities. First, the regulator does not grant conditional
approval to drugs with very low expected value (vg < vp). Second, there is a discontinuity at vy

because the final approval threshold jumps to 7, at this point.

1 Summation of Years 5 to 17 of “Discounted annual sales” for “No conditional approval” in Table
15 The values 3.37 and 10.5% come from the “Total doses” line in Table and the discount rate (d), respectively.

16 Summation of Years 14 to 17 of “Discounted annual sales” for “Full conditional approval” in Table [EC.2
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Figure EC.3 Firm’s cumulative net profit under different scales of conditional approval and testing costs.

Source: Authors’ analysis using a representative drug avelumab.

The optimal withdrawal rate for drugs with vy =0 is 23%. How does this compare to the FDA’s
actual rate? A study of cancer drugs granted conditional approval between 2013 and 2017 found
that 22% were later withdrawn (Figure [EC.1)). If the withdrawal rate for drugs with vg =0 is equal
to the FDA’s actual rate (Figure , then the agency was conditionally approving a mix of

drugs with positive and negative expected values.
These results suggest the FDA was historically close to the optimum and, if anything, slightly
too conservative. However, the leader of the FDA gene therapy unit appointed in 2025 has adopted

a more conservative stance on conditional approval (The Economist|2025)). Our calibrated results

suggest that this change will reduce social welfare.
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Figure EC.4 Proportion of drugs withdrawn after receiving conditional approval. Source: Authors’ analysis

based on a representative drug.
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Notation Description Value Source
J discount rate 10.5% DiMasi et al/ (2016)
cr lower bound of the testing cost 98.1($MM) The estimated phase III testing
cost of a similar drug (brigatinib)
as estimated by Wouters et al.
(2020).
cH upper bound of the testing cost 630.7(8MM) The estimated phase III testing
cost of a similar drug (sarilumab)
as estimated by Wouters et al.

(2020).
v(0)  regulator’s loss from administering $86 See equation (EC.I)).
an ineffective dose
v(1l)  regulator’s payoff from administer- $32 See equation (EC.1J).

ing an effective dose

r price drop per dose after the $64.5 See equation .
monopolistic period

q total discounted doses with full 4.36(MM) See equation (EC.2]).
conditional approval before final
approval

Ao total discounted doses from final 11.34(MM) See equation (EC.2).
approval when a; =0

A1 total boosted discounted doses in  4.09(MM) See equation (EC.2).
the monopolistic period after final
approval when a; =1

A total discounted doses after the 5.88(MM) See equation (EC.3).
monopolistic period

Table EC.3 Estimated model parameters for avelumab.
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EC.3. Flexible exclusivity

Optimal conditional approval and leniency may depend on the length of exclusivity. Some drug
classes receive extensions. For example, antibiotics gain five additional years under the GAIN Act
(Kong and Zhao 2024). Longer exclusivity increases monopoly sales, boosting firm profits but
delaying savings for payers. Exclusivity extensions can therefore strengthen development incentives
and reduce the need for conditional approval and leniency, all else equal.

Recall that Ay denotes the number of doses sold before the competitive period under no condi-
tional approval. Likewise, Ag + A; denotes the number of doses sold under full conditional approval.
In Figure the curve starting at time 0 shows annual sales with full conditional approval; the
parallel curve beginning at ¢; represents sales without conditional approval. Because the competi-
tive period begins at time ¢, (as illustrated in Figure , Ao and A; correspond to the gray areas in
the middle and on the left, respectively. The number of doses sold during the competitive period,
denoted by A, is represented by the rectangle on the right. Because annual sales peak in six years
(Robey and David|2016)), extending the firm’s monopolistic period beyond 13 years does not affect
A1 and only increases \g. Given that Ao+ A represents the total number of doses sold after final
approval, corresponding to the area under the curve starting at ¢;, any increase in \q leads to an

equivalent decrease in A. This adjustment corresponds to a rightward shift of time ¢, in Figure

ECA

Annual
Sales

]

a1:1 a1:O

-
0 Periodl & Period 2 ts  Period 3 e

Figure EC.5 Annual sales of the drug under no conditional approval and full conditional approval.

Let Ao and A denote the calibrated values of Ay and A, respectively In Figure we plot the
testing threshold, the scale of conditional approval, the final approval threshold, and the expected
payoffs of both the regulator and the firm (with testing costs $200 and $500 million) as functions of
Ao, varying from Ao t0 Ao+ A. The value o corresponds to a scenario in which the firm’s monopoly

power ends at the end of year 13, while the upper bound Ao+ A reflects a case where the regulator

17 See Appendix for more details.
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extends monopoly power indefinitely. Fixing g, the number of doses sold in the competitive period
is Ao+ A — Ao.

As shown in panels (b) and (c), under the calibrated model parameters, when ), increases, the
scale of conditional approval decreases, and the final approval threshold increases. The testing
threshold, illustrated in panel (a), also declines, indicating that the regulator induces less firm
participation as the length of exclusivity increases. Finally, both the regulator (panel (d)) and
the firm’s expected payoffs (panel (e)) decrease as A\, increases, suggesting that it is optimal to
maintain the current exclusivity timeline rather than granting additional exclusivity. Given the
firm’s testing cost, the monotonicity of its expected payoff in )y follows from the monotonicity of
the testing threshold ¢. Specifically, since the expected payoff of a firm with production cost ¢ is
zero, the expected payoff for a firm with cost ¢ is given by (c— ¢)*. This observation also highlights
that, although firms generally favor extended exclusivity, they could be worse off if the regulator

reoptimizes its policy in response to the change.
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EC.4. Proofs
EC.4.1. Proofs for Section [2]

Proof of Lemma[l. By definition of ®, we have
0P (a1,m;A)

an
Furthermore, by assumption , we have

= (Ao +Aar+A)v'(n) > 0.

®(a,0;A) =N+ A1 a1) v\(f)l—i—A [v(0)+1]<0

—_—
<0 <0
and
(I>(CL1, 1, A) = (AO + )\1 al) U(l) + A [’U(l) + 1] > O
This completes the proof. O

EC.4.2. Proofs for Section [3]
Proof of Proposition[l. For any ¢, a;(c), and as(c,n), we have

vpar(©)+ [ [PatMar(@] oln) + A [o(n) + 1] aa(en) dG(n)

<ven@+ [ [Dothan(@] o)+ o)+ 1] Gl
= Ur(a1(c),mni(ar(c))),

because the no-leniency threshold ny, maximizes the regulator’s continuation payoff after period
one.
The function Uy in the previous expression is the restriction of the function defined in , and
it is convex in a; because
d . 1
TUR(alanNL(al)) =vp+ X\ / v(n)dG(n)
a1 nNL(a1)

and
2

d—cﬁUR(al,nNL(al)) =—A\v(nae(a)) - g (me(ar)) > 0.

Therefore, the maximum is attained at either a;(c¢) =0 or a;(c) = 1.
If the drug is promising and low-cost, i.e., and hold, we have
Up(A) < max  Ug(ar,n) =Ugr(1,mxi(1)),
(a1,m)€[0,1]2
because 7(c) € [0,1] and the upper bound is attained by the candidate solution defined in .
If the drug is not promising and low-cost, i.e., and hold, we have
Up(A) < max  Ug(ar,n) = Ur(0,7x.(0)),
(a1,m)€[0,1]2
because 7(c) € [0,1] and the upper bound is attained by the candidate solution defined in .
This completes the proof. O



e-companion to Xu, Lopomo, Ridley, and Sun: Conditional and Lenient Drug Approvals ecl?7

Proof of Corollary[l. The proof of Proposition [1] ignores both the and constraints.
Hence, the same argument applies to the first-best problem and the dictatorial problem.

This completes the proof. ]

EC.4.3. Proofs for Section [

Proof of Proposition[d. When A = 0, any feasible solution {7(c),a;(c),as(c,n)} to the optimiza-
tion problem yields a corresponding solution {7(c),a;(c),az(c,n)}, with «; and oy defined in
and , respectively—that is feasible for the optimization problem and attains the same
objective value.

Conversely, any feasible solution {7(c),a;1(c),aa(c,n)} to the optimization problem yields a
corresponding solution {7(c),a;(c),az(c,n)}, with a; and a, defined in (28), that is feasible for the
optimization problem and likewise attains the same objective value.

This completes the proof. O

The following lemma is commonly used to simplify mechanism design problems involving direct

payments between buyers and sellers. For completeness, we provide a proof here.

LEMMA EC.1. The incentive constraints and can be replaced by

T non-increasing, (EC.4)
(@) =Tlen)+ [ ) ay+er(e) - [ aslemacio, (EC.5)

and
I(cy) >0, (EC.6)

where I (cy) = (cy, cx).

Proof of Lemma[EC.1. The incentive-compatibility constraint can be rewritten as
II(c) 2 T(c) +7(c) - (¢ = ),
where II(c) =II(c, ¢). Flipping the role of ¢ and ¢ yields
() >M(c) + 7(c) - (¢ = ).

Combining the two inequalities above yields the monotonicity of 7.

By envelope theorem, we have

which implies that
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Therefore, it is sufficient to impose the individual rationality constraint on type cy and

an(@) =)+ [ rl)dy+eri) - | astemaci.

To prove the other direction, for any ¢ < ¢, we have

(e +/
+/ T dy+/HT(y)dy

C ’7'

I() + T(c') d—c)
where the inequality follows from the monotonicity of 7. Constraint is implied by
II(c) > (cg) > 0.

This completes the proof. ]

LemMA EC.2. The optimization problem s equivalent to
cy
max ve(cy) / / ) —vg| ax(c,n)dG(n)dF(c)
{T,a27H(cH)}€Q’
+v / [c ] 7(c) f(c) de,
ol R

where the feasible set Q) is determined by , (EC.4), (EC.6), and for any (¢,n) € [c,cu] % [0,1],

(EC.7)

0<ten)+ [ rl)dy+er(o) - | astemacon < (o), (EC8)

and
0< ase,n) < Ao r(e) + Ay [H(CH) + / M ) dy + er(e) — /0 ' aale.2) dG(z)} . (BC.Y)

Proof of Lemma[EC.3.  Substituting the equation (EC.5) in Lemma into the objective
function yields the desired result. 0

Proof of Lemma[d ~We first reformulate the definitions of ¢, 7, and 7 given in f in a

more explicit form:
e=sup{ e len,enls o) et |+ A / 0(3) ~ ()] d6() 2 0.,

1
—l—/\o/ v(y)dG(y) =0, and
7

il o FE) -
=it {ne 0.a) o) FG +o+ Qo+ ) [ oG =of.

]
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We start with the first part of the lemma. Because f; [v(y) —v(n)]dG(y) and v(n) are decreasing
and increasing in 7, respectively, we know that function h is decreasing. Therefore, the unique

existence of 7 € [0, 7] such that h(77) =0 is implied by h(77) <0< h(0), or equivalently,
1
AL / v(y)dG(y) +ve <0< A (vg —v(0)) —v(0) + vg.
7

The second part of the inequality holds by vg —v(0) > 0.

To prove the second part, we first verify that vg <0, which follows from

1
7) uniquely exists = )\1/ v(y)dG(y) +vp <0 = v <0.
7

Define

Taking derivative yields

= P &[] it
o Ele) o d [ F(e)
- (77) f(Q(n)) >‘O (77)9(77) dC|: + f(C):| ng(n))

which is positive for any n € [0, 77]. Therefore, to prove the unique existence of 7, it suffices to verify

that t1(17) <0 <t,(7), where the second inequality follows from

£(7) = Ao / o(y)dG(y) > 0.

Because ¢ < ¢(7), by definition of ¢, we have

T Fe) Lo
o() [c<n>+ f@(mﬂﬂo / [o(y) — o) dC(y) <0,

which implies that

Therefore, we know the unique existence of 77 € [1,7], and the monotonicity property implies the

desired result, i.e.,

h(1) < h(1) = 0.
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It remains to prove the last part of the lemma. Define
F(e(n
ta(n) = v(n) )

Ay |+ o e [acw]. voe o)
Taking derivative yields

) = o) e o) g | | = M) o) )
oy Fem) ; d [ | Flo)
v (77) f(é(n)) ()‘0 + )‘1) ("7)9(77) d |: + f(C) :| et )

which is positive for any n € [0,7]. When h(7) > 0, we have

tz(ﬁ)ZUE+()\o+)\1)/ U(y)dG(y)>)\0/ v(y)dG(y) > 0.

When h(77) <0 and ¢ > é(77), by definition of ¢, we have

e FE e
ota) et + GBS 30 [ foto) = ot a6 >

which can be rewritten as
_ F(e(n))
RNTERD)

Because of the monotonicity of ¢, to prove the desired result, it suffices to verify that ¢5(17) > 0,

+ / o(y)dG(y) > —v(i) [1+ A [1 - G()].

which follows from

C wpol) 4n { [ o ac) - [1—G<ﬁ>@
%/_/ 77
==1 [ () =o(@)] dG(y)
= 0.

Therefore, the threshold 7 is defined as

— 7077 1ft2(0)§0
I=9 0, if £5(0) > 0,

where 7 € [0, 7] is the unique zero of t,.

To prove h(n) >0, note that when h(7) >0, we have

When ¢ > ¢(77), the monotonicity of A implies that

h(n) > h(i7) =0.

This completes the proof. O
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Proof of Proposition[3. Tt is straightforward to verify that our candidate solutions are feasible
in all cases.

To prove the optimality, we start with the first case. Define
r=—v(7),

v(e,n) =[v() —v(n)] f(c)g(n), V(e.n)€ler,en] x[0,17],
ple,n) = [v(n) —v(@)] f(c)g(n), V(en) € lew,cal x [1,1];

a(c)—vE[cf(c)+F(c)]+(/\o+/\10)/ ,u(c,n)dn—i—/\l/ / w(y,n)dndy, Ve e Cy, and

B(e) = —vi e f(0) + F@) - Ga+ M) [ uteydn = | C [ wtv.yanay, veec,

where C; and C, are subsets of [cr,cy]| satisfying: (i) C; UCy = [c,cy]; and (ii) the measure of
C1NCy is 0. These subsets will be specified later.

The nonnegativity of k, v, and p follows from the definition of 7 and the monotonicity of v

directly.
The expressions of o and 3 can be rewritten as
o) = o) [e+ ZO] 00 [ ot — vt sty an] g0, veec,
f(c) 7

decreasing in ¢
and

Ble) = - [vm) {c+ ?(())] o / o) —v(i)] g(n)dn] f(0), Veels

In the two possible cases, we have:
1. if ¢ < ¢ < ¢y, we know that ¢ and § are nonnegative on [cy,¢| and [¢,cy], respectively. In
this case, we have C; = [c,, ¢] and Cy = [¢, cy]; and

2. if ¢ = cy, we know that o is nonnegative on [cr,cy|. In this case, we have C; = [cr,cy| and

CQ :®
CH 1
—Kk—\ / / wu(c,m)dnde=vg,
cr 7

Because
Y(e,m) € [cr,cy] x [0,7)]:
~vlen)+Augn) [ ple.z)dz=[on) = v gn) £,

V(Can) € [CL,CH] X [777 1]:

ulen) + M g(n) / (e, 2)dz = [o(n) — vs] g(n) F(),
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VeeCy:

o=t n0) [ atenan=an [ [ utwmanas=veles(o)+ Pl
Ve € Cy:

00O+ x| atcnan=re [ [ utvnnds=oslero)+ Pl
we have

" - n<cH>1+/ oferie)ae [ ple) - <>1dc+/C:H/0ﬁy<c,n> —as(e,n)] dyde
/CH/ p(e,n) [%cn —Xo7(c) — )\1[ (c )+/CCHT(y)dy+cT(C)—/Olaz(c,z)dG(z)”dndc

_ [_K—Al /H/n er: dndc] M(cx)
S RLCECEETy e dn— [ ) dndy | 7(0)ae
+ [ [r0-arno [tenan-a [ [ umnann] roa
/H/ { v(em) + A g )/ﬁl,u(c,z)dz} as(c, ) dn de
+/CH/ [ we,m) + A g(r / (c,z)dz} an(e, ) dn de

= v (cy) /CH/ ) —vg] as(c,n) dG(n) dF(c) + vg /C:H [c—i—?((cc))} 7(c) f(c) de.

Therefore, the objective function is bounded by

/C 1 o(c) de.

Substituting our candidate solution into the objective function achieves the upper bound in all the

subcases, which follows from:

/Cja(c) de — {vE "+ Mo+ M) /ﬁlv(n) dG(n)] F(e)

B / {“(m [”?((2 ] +o / 1 [v(n) —v(1)] g(n)dn] F(e)de
_ |:UE a4+ Ao+ A ) /ﬁlv(n) dG(n)] F(e)

=) [ le=a) fe)+ Folac
-0,
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x _ E=Ao[1-G(1)]
where o* = T =G0

This establishes the optimality in the first case.

To prove the optimality in the second case, we first define

= (i),
v(e,n) = [o(7) — v(n)] f(c)g(n), Vlen) € lew, el x (0,71,
lem) =[o(n) ~ v(@)] £(c) 9(n) Vo) € lex,en] x [7.1],
¢@>=—A3éluw4»dy+hxm—w@]f@» vee few el

(ﬂdszwﬂ@+zw¢1+uo+Mcy//wamdn

c 1 c
+A1/ / u(y,n)dndy+/ d(y)dy +co(c), Veel,,
cr, J10 cr,
1

5@)=1&ﬂcf@>+lﬂcn<A0+A1@L/ (e,m)dy

n
—Al/ / u(y,n)dndy—/ $(y) dy —co(c), Vee G,

where C; and C, are subsets of [cr,cy| satisfying: (i) C; UCy = [c,cy]; and (ii) the measure of
C1NCy is 0. These subsets will be specified later.

The nonnegativity of k, v, and p follows from the definition of 7 and the monotonicity of v
directly.

The nonnegativity of ¢ follows from the second part of Lemma

The expressions for o and 8 can be simplified as

o(c) = v(7) [(C—C(ﬁ))f(C)JrF(C)]+/\of(0)/ v(n)dG(n), Veel,

and
B(c) =—v(n) [(C—C(ﬁ))f(0)+F(6)]—/\of(C)/ v(n)dG(n), VceCls,.

To prove the nonnegativity of o, taking derivative yields

o'(c) = () [(c=c(m) f'(c) +2 ()] + f(¢) /\o/ v(n)dG(n) <0, Ve<c(n).

e F(e()
=—v() Fle(myy 20

Meanwhile, we have

o(c(n) = |v(0) Z—=5

In the first two possible cases, we have:
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1. if ¢(77) < ¢z, we know that [ is nonnegative on [cz,cy]. In this case, we have C; = ) and
Cy=lcr,chl; and

2. if ey < () < ey, we know that o and § are nonnegative on [c,, ¢(77)] and [¢(7), cu], respectively.
In this case, we have C; = [cp,c(n)] and Ca = [¢(7]), cu)-

Therefore, the nonnegativity of ¢ and S holds automatically.
CH CH 1
—n—/ o(c)de — N / / wu(c,n)dnde=vg,
cr, cL Ul

V(C,n) € [CL’CH] X [Ouﬁ]
d(c) g(n) —v(e,n) + A g(n) / ple,z)dz = [v(n) —vg] g(n) f(c),

Because

V(o) € enrea] x 7, 1)
6 g(n) -+ p(es) + 2 ) [ e 2) == o) —ve] o) ),

Ve e Cy: n

[ stan-coovate-torae) [utenan-a [ [ utwaanay=ue e+ Fe),

Ve e Cy:

- /c:qb(y)dy—m(c)—5<c>—<Ao+A1c> / emydn -, / / (o) dndy =g [e £(0)+ F(e))

we have

b [~T(ex)] + / 7@ r()de+ [ fle) [rle))de

+ [ o0 e 1 - [ ray-ero+ [ astenacin)] a

+/:/ycn —a(e,n)] dnde

+ CH/ u(e,m) [agcn (o) — /\1[ (CH)+/CH7'(y)dy+c7'(c)—/Olozg(c,z)dG(z)”dndc
_ [ i [ b(e)de— A /H/ (e, dndc] (cx)

v/ [o - [ otwan—cote <A0+A1c>/ (cn)dn—M/C:/;ﬂ(ym)dndy} (o) de

+/ [ B(c /¢ )dy —ch(c) — (Mo + A ¢) /1 (e,n)dn—X /C:/ﬁlﬂ(y,n)dndy} 7(c)de

+/CH/ 6)oto) —vie + ot >/ﬁlu<c,z>dz} as(e,n) dnde
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+/: /ﬁl [¢(C)9(77)+M(c,77)+/\1g(17) /ﬁlu(w)dz] an(e,) dpde

F(c)
f(c)

= veTl(en) + [ / o) — ve] () AG(n) AF(E) + v | {c+

CL

} 7(c) f(c) de.
Therefore, the objective function is bounded by

/c 1 o(c) de.

Substituting our candidate solution into the objective function achieves the upper bound in the
first two cases, which follows from:
1. if ¢(n) < ¢, we have ¢* = ¢, and the measure of C; is 0. The regulator’s expected payoff
generated by our candidate policy and its upper bound are both 0;

2. if ¢, < ¢(n) < ey, we have
(1) 1
/ o(e)de — ho F(c(ii) / v(n) G ()
(1) 1 1
- / [v<ﬁ> lle—e(i)] £() + F(0)] + 0 () / v(n)daw] de — X F(c(il)) / o) dG ()

(1)
— (i) / lle— e(i)] £(e) + F(e)] de
=0.

To verify the optimality in case (2)(c), define

k=—v(n’),

v(e,n) = [v(n®) —ov(m)] f(c)g(n), v(e,n) € few, eu] X [0,77],
ple,n) = [v(n) —v(n*)] f(e)g(n), V(e,n) € [ez,en] x [n",1],
o= [ e+ o) - ve) (0 Vee fecal.

o(c)=vglcf(c)+ F(c)|+(No+Aic) / w(e,n)dn

,,7*

c 1 c
+A1/ /*M(y,ﬁ)dnder/ o(y)dy +cole), Ve [er, e,

where n* =sup{n€0,1]:¢(n) > cu}. Because ¢(77) > cyg > ¢(77), we know that 7 < n* < 7. The

nonnegativity of k, v, and u follows from the corresponding definitions directly. Because

¢(c) = =M / [v(y) —v(M)] f(e) g(y) dy + [v(D) —ve] f(¢) 20, Veeler,cnl,
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the desired nonnegativity condition holds automatically. Finally, we have

1

o(c)=v(n") [(C—CH)f(C)JrF(C)HAof(C)/ v(n)dG(n), Vee e, cul.

T[*

The monotonicity of ¢ still holds, and we have

B F(cn)
olen) = [v0r)

)
P
[v<n> e, / <n>dG<n>] Fen)

+a [ lv(n)dG(n)] Flen)

v

=0,

where the inequality follows from the monotonicity property of v and the fact that n* > 7.

Because
k [—I(cy)] +/CH o(c)7(c)de

¢ [ cr)— /CH (y )dy—CT(C)+/1O42(C,77)dG(77):| de

0

_l’_

CH
+/ v(e,n) [—as(e,n)]dnde
crL

+ -
_ [ .
+/
+/c
— upTi{en) /H/ )— vs] aa(e,n) dG(n) AF(c) +vp /H [c%—F(C)} 7(e) (o) de,

f(e)
/c H o(c) de.

Substituting our candidate solution into the objective function achieves the upper bound, which

77
u(e,n) [0@ e) = o7 () = Ay [ (CH)-G-/CHT(y)dy—i-CT(C)—/Olag(c,z)dG(z)” dyde

[
A
¢)de— A /H/ nex) dndc] (cy)

{U(C)—/CL d(y)dy —co(c) — (Ao +Ai¢) /n ple,m)dn— X /L /niu(ym)dndy] 7(c)de
J

/.

" [sr90m vt + 000 /

! u(c, z) dz} as(e,n)dnde
’ [¢(C)g(n)+u(67n)+/\19(n)/

n*

u(c,Z)dZ] (e, m) dyde

the objective function is bounded by

follows from

/C:H o(c)de— Ao /ni v(n)dG(n)

_ /H [vm*) (e —exr) £(0) + F()] + £(e) Ao / jv(n)dG(n)] de— g / o) dG()
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- ) | Yl en) F(e) + F(0) de
= 0.

It remains to prove the last part of the proposition, where the optimal mechanism is to grant
full conditional approval to firms whose types are below the threshold c¢*. In the first two subcases,

we have ¢(n) < cy < ¢(0), implying that n =n*.

Define
k= —v(n),
v(e,n) = [o(n) —v(n)] f(c)g(n), V() € lers cu] x (0,17,
p(e,n) = [v(n) —v(n)] f(c)g(n), V(e,n) € [en, en] x [, 1],
Pe) =X\ /nlu(c,y) dy — [v(n) —vE] f(e), Ve e [er,cnl,

o(¢) = vp e () + F(&)] + (Ao + M1 / u(e,m) dy

c 1 c :
+A1/ / u(y,n)dndy—/ Y(y)dy — (c—1)¢(e), Vee Gy,

B(c) = v [ /(¢) + F(&)] — (Ao + A ¢) / u(e,m) dy

n

Y /L/n M(ym)dnder/CLw(y)der(c_1)¢(C)7 Vee Gy,

where C; and Cy are subsets of [cp,cpy] satisfying: (i) C; UCy = [cr,cp]; and (ii) the measure of
C1NCy is 0. These subsets will be specified later.

The nonnegativity of , v, and u follows from the definition of n and the monotonicity of v
directly.

The nonnegativity of ¢ follows from the last part of Lemma

The expressions of ¢ and 8 can be rewritten as

a(c)=v(n) [(c—2cn)) f(c)+ F(c)] + f(c)

vm + (o + A1) / v(y) dG(y)

and
1

v(y)dG(y)

Blec)=—v(n) [(c—2c(n) f(e) + F(c)] - f(c) :

VE + ()\0 =+ )\1)

\:\

Differentiating o yields

o'(e)=v(n) [(c—e(m) f'(c) +2f(c)] + f'(c)

<0, VYe<é(n).

o5+ (o + M) / v(y) dG(y)

/

F(e(n)
fem)

=—v(n)
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Meanwhile, we have

F(e(n))
fe(n)

In the first two possible cases, we have:

o(e(n)) = |v(n) + |vg f(&(n))=0.

ot M) / o(y) dG(y)

L. if &(n) < ¢z, we know that § is nonnegative on [cp,cpy]. In this case, we have C; = () and
Cy=lcr,cul;

2. if¢p < é(n) < ey, we know that o and 3 are nonnegative on [cz, &(n)] and [¢(7), cx], respectively.
In this case, we have C; = [cr,¢(n)] and Cy = [¢(n), cx].

Therefore, the nonnegativity of ¢ and S holds automatically.

CH cH 1
_”+/ ¢(C)d0—>\1/ / wu(c,n)dnde=vg,
cL cr, n

V(e,n) € [er,cu] x [0,n]:

Because

1

—(c)g(n) —vie,m) +Aig(n) [ wle,y)dy=[v(n) —ve] g(n) f(c),

\z\

Y(c,m) € [ew,cn] x [n,1]:

1

=(c)g(n) +ple,n) +Aig(n) | wple,y)dy=[v(n) —ve] g(n) f(c),

\:\

Ve e Cy:
/C:w<y>dy+<c1>w<c>+a<c><A0+A1c>/ p(e,m) dn - A// n)dndy = v e F(0)+ F(e)),
Ve e Cy:
/C:w<y>dy+<c—1>w<c>—5<c>—<xo+xlc>/ (cm) di— A// (y,m) dndy = v [e £(0) + F(C)),
we have

b [TI{en)] + / se)re)de [ (0) [-riellac

—l—/CL Y(c) { /CH (y )dy+C7‘(C)—/01a2(c’77)dG(77)_7-(c):| de

H ui
+/ v(c,n) [—az(c,n)]dnde
cr

/
+/H/ (e [042 ) = o 7(€) = Ay [ (c )—l—/CHT(y)dy—i—CT(c)—/Olag(c,z)dG(z)”dndc
[ v

CH)
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o
Cy

+/Cw(y)dy+(c—1)w() ()‘0+)\lc)/ (¢;n)dn — A1/ (Y, dndy] 7(c)de

ﬂ L
+/ —B(c /¢ YAy + (c—=1)¢(c) = (Ao +Me) [ ple,n)dn— Al// dndy] () de
+/H/ { n) = v(e:n)+ Mg >/0 <c,z>dz] as(c,n) dnde
—l—/CH/ [ n) + p(c,n) + A g(n )/Ol,u(c,z)dz] as(e,n)dnde

= vp(cy) /H/ ) —vg] as(c,n) dG(n) dF (¢) + vg /LH {ﬁ?ésﬂ 7(c) f(c) de.

Therefore, the objective function is bounded by

/61 o(c)de.

Substituting our candidate solution into the objective function achieves the upper bound in both
cases, which follows from
L. if ¢(n) < ¢y, we have ¢* = ¢, and the measure of C; is 0. The regulator’s expected payoff
generated by our candidate policy and its upper bound are both 0;

2. if ¢p <é(n) < cy, we have

e(n)
/ o(c)de—
cr,

v(n) [(e—em) fle)+ F(e)] + f(e)

F(e(n))

vE + (Ao + A1) / v(n)dG(n)

vE+()\O+)\1)/ v(n)dG(n)”dc

k= _U(n*)7
v(e,n) = [v(n") —v(n)] f(c) g(n), V(c,n) € e, cu] x [0,17],
ple,n) = [v(n) —v(n™)] f(c) g(n), V(e,n) € [ersen] % 07, 1],

Ple)=X [ pley)dy—[v(n®) —vel f(e), vee[er,cnl,
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7(e) = v e f(e)+ FE)+ (ot M) [ utemdy

+ X\ /C/*u(ym)dndy—/cd)(y)dy—(c—1)¢(c), Ve e [er, enl.

The monotonicity of ¢ implies that n <n* <7. The nonnegativity of , v, and p follows from their
definitions directly.
When h(7) > 0, we have

¥(c) =h(n") f(c) = h(n) f(c) > 0.
When ¢ > é(n7), by Lemma |2 I, we know that v is nonnegative if and only if n* <7, which follows
from
e <é<ecy = n>n".

Similar to the previous case, the expression of ¢ can be simplified as

o(c)=v(n") [(c—cu) flc)+ F(c)] + f(c) |:’UE+ Mo+ A1) /* v(y) dG(y)] , Veé€ler,cql.

The monotonicity of ¢ still holds, and we have

1

o(ex) = o) + f(en) [vE—F()\OJr)\l)/n

F(e(n))
v ety

()46 ()|

*

o5+ (o + M) / o) dGW) || Flen)

Y

0,
implying the nonnegativity of 0. Because
k [—(cy)] —l—/CH o(c)7(c)de
cyH 1
d — | anlen)dG(y) = r(0)| d
0(@) [+ [ rnydy+er) - [ asten a6 - (o) dc

+ v(e,n) [—as(e,n)]dnde

of
[ [ v
cH/ p(c,m) [042077) AoT(c) =M [ (CH)+/CHT(y)dy+cT(C)—/Olaz(c,z)dG(z)Hdndc
g
|

c)de—X\; /CH/ (e,m dndc} II(c)

o +/w Yy + (e~ 1) w(e) - <A0+A1c>/1u<c,n>dn—A1/C/lmy,n)dndy] r(e)de

n* cr, Jn*

u(w)dZ] (e, n) dpde

+
+

1

/
+/CH { wle)gn) —vien) + gl |

n*
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/CH/ [ n) +ule,n) +Aig(n )/lu(c,z) dz] as(c,n)dnde

’I’]*

F(c)
f(c)

— upTi(en) /H/ ) — vs] aale,n) dG(n) AF(c) + vp /CH [c+

cL
CH
/ o(c)de.
crL

Substituting our candidate solution into the objective function achieves the upper bound, which

| 7@ 760 ae

the objective function is bounded by

follows from
/H o(c)de— [UE+(AO+A1) /niv(n) dG(n)]
= [ [otr) temam 101+ F@1 1) [on4 0us ) [ wtact]ac
[ 0urn [ o)
o) [ lte=en) 50+ F@)ac

cL

= 0.
This completes the proof. O
Proof of Proposition[f] When the testing cost is high and the regulator induces testing, the
firm’s individual rationality constraint (IR]) must be binding. Otherwise, the regulator could strictly

increase its expected payoff by reducing the costly incentives offered to the firm. That is, the

regulator’s first-best optimization problem can be written as follows:

max vg ar(n,c) + N+ A1 ai(n,c)) / v(y)dG(y),

subject to 0<a;(n,c) <1,

where a; is defined by . We refer to the above optimization problem without the feasibility
constraint on a; as the “relaxed problem”.

Since the firm’s revenue across both periods is bounded above by ¢(0) = 14 A+ A1, the regulator
cannot induce testing when the testing cost exceeds this value. In the remainder of the proof, we
focus on the cases where ¢ < ¢(0).

As established in Section the derivative of the objective function with respect to n has the
same sign as the function h defined in (33). If the drug is promising (h(7j) > 0) and ¢ > 1+ (Ao +
A1) [1 = G(n)], since a4 (7, ¢) > 1, the optimal solution to the relaxed problem is infeasible. Because
7 is increasing in aq, it is optimal to set a; =1, and the corresponding value of n is determined

such that the individual rationality constraint binds.
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Next, we consider the case in which the drug is not promising (h(7) <0) and ¢ > A\ [1 — G(7)].
Recall that 77 is the unique root of the function h on (0,7]. If a;(7,¢) € [0,1], then the optimal
solution to the relaxed problem is feasible, and hence also optimal for the original problem. Instead,
if a,(7,c) <0, then any feasible value of 7 must lie above 7. Since 7 is increasing in a; and the
objective function is decreasing in n for all n € [1),7], it is optimal to set a; = 0, which uniquely
determines the final approval threshold n* = G~* (1 - /\—CO) Finally, if a,(77,¢) > 1, then any feasible
value of n must lie below 7). Since 7 is increasing in a; and the objective function is increasing in 7
for all n € 0,7, it is optimal to set a; =1, and the corresponding final approval threshold is given
by n* =G™! <1 - /\33\1 )

When the regulator’s expected payoff from inducing testing (7 =1) is negative, it is optimal to

forgo testing by setting 7 =0.
This completes the proof. ]

EC.4.4. Proofs for Section [l

Proof of Proposition[5. To prove the desired result, it suffices to show that for any feasible
solution to , we can construct a feasible solution to that yields the same objective function
value.

Let M ={1,a,,a,} denote a feasible solution to the optimization problem . By construction,

it is straightforward to verify that M = {7, a1, as, s}, where

ay(c) =71(c)ay(c), Ve € [er, cxl,
042(6,77) = T(C) CL?(Ca 77)7 V(C, 77) € [CL7CH] X [07 1]7
as(c,n) =7(c)ai(c) as(c,n), V(e,n) € [er,cn] x [0,1],

is feasible to the upper-bound problem and yields the same objective function value.
This completes the proof. O
Similar to Lemma [EC.]] after eliminating «; using the envelope theorem, the regulator’s upper-

bound problem can be formulated as follows:

o F(c)
raz o) €0 UEH(CH)TUE /CL [C+ f(c)} 7(c) f(c)de
+ / /O Mo [v(n) —ve] + A [v(n) +1]] d2(c,n) dG(n) dF (c) (EC.10)

CH 1
o [ - v dsten a6 ar )
Cr, 0
where the feasible set (0}, is determined by (2), (45), {7), (EC.4), (EC.6), and for any (c,n) €

[er,cm] x [0,1],

0 <Ti(en) + / Y ) dy+er(e)— ho / dale,n) AG() — A, / ds(en)dG(n) < 7(c), (EC.11)
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and
cy 1 1
st <Tew) + [ ) ay+ert=r [ aalenaGoy - [ asfenac. (EC12)
c 0 0
With a slight abuse of notation, in this subsection, let
c(m,m) =1+ X [1=Gm)]+ M [1=G(n2)], Vm,n2€[0,1]. (EC.13)

By Lemma 1), we know that there exists a unique 7, € [0,7] such that h(7,) =0 if h(7) <O0.
Let

Wi (11,m2) = (Ao +A) v(m) + A = Xgv(n2) (EC.14)
and
Ua(m1,m2) = (Ao + A1+ A) [w(n2) —v(n)] + i; A Jv(ne) +1]. (EC.15)

In order to prove Proposition [6] we need the following technical results.

LEmMA EC.3. When h(7) <0, we have the following results.
(1) If v(2) +1>0, there exists a unique 7, € [0,72] such that U,(71,72) = 0.
(2) If v(2) +1 <0, there uniquely exist (11,72) such that 0 <1y <1y <7, Ya(n1,72) =0, and
t(M1,72) =0, where
n' =inf {n €[0,1]:v(n) +1>0} (EC.16)

and

1

W) = (ot Ar+ A) / " o) — v(2)] g(z)dz— / [o(2) — v()] g(2) dz

m 2

+ 2 olm)+ 11 1M 1= GOl + o) v (EC.AT)
Proof of Lemma[EC.3.  When 7j, exists and v(7j2) + 1> 0, we have
W,(0,7) = o [0(0) ~ o] + A [o(0) + 1) <0,
and
W (72, 772) = A [v(732) + 1] > 0.

The unique existence of 7; follows directly from the monotonicity of ¥, in ;.

If v(12) +1 <0, define

n2

E(m2) = — Xot(m(n2),m2)
=X |—( Ao+ A+ A v(ny) —v(z z)dz + M\ v(2) —v(n9 z)dz
[( T >/m)[<n> (2)] g(z)dz + /Wm ()] 9(2)

—Av(n) + 1] [T+ [1=Gm(n))l] = Ao [v(n2) —ve], (EC.18)
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ec34

where 7,(12) is determined by
AL A [u(n2) +1]

‘1’2(771 (772)a772) =0 < U(m (772)) - U(m) + Ao ()\o + A+ A)'

Note that n;(72) is increasing.
The monotonicity of v implies that 7j, < nf. We have n,(n") =7, implying that

(") = Xo [Al / T [0(2) — v(n)] 9(2)dz — (') w}

< Xo [Al /n: [v(2) = v(ik2)] 9(z) dz — v(1j2) +UE]

=0,
where the inequality follows from the monotonicity of the function k. To prove the desired result,

it suffices to show that Z(7;) > 0 and = is non-increasing.

Taking derivative yields

() = — Mo (ot At A) / () 9(2) dz 4 do (o A+ A) [ol12) — v ()] 9 (1)) 7 (7o)

n1(n2)

WY / o' (1) g(2) dz — Av (1) [1+ Ay (1= G (72))

+A [v(m2) + 1] A g(m(12)) m(n2) = Ao v'(112)
= {20 Qa0+ A+ 2) [G0) — Glm )] = Ao hs [1 - Glne)]

~20 = A [14+ A (1= Glm(m)] | v'(ne)

<0,
where the second equality follows from the definition of 1 (n2), i.e., Wa(n1(n2),12) = 0.
Since h(7j,) =0, the desired condition Z(7j,) > 0 reduces to Z(j,) > 0, where

Em) =X o+ A +4) /77 [v(n) —v(2)] g(2)dz = A fo(n) + 1] [L+ A1 [1 = G(m(n))]]-

n1(n)
Taking derivative yields
)= -0+ +A
= 0o [
=AY () [T+ [1=Gmm)]+A [v(n) +1] Arg(n(n) m(n)
{20 o+ A+A) [G(n) = Gmm)]+A [T+ A [1=G(mn)]]}v'(n)

n

v'(n) g(z) dz = [v(n) = v(m ()] g(m(n)) m(n)

<0.

Therefore, the desired result is implied by

This completes the proof.
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Let

v s {ceferenlsOu+8) [ )=o)l sao+ o) [+ 9] 20h (eeag

and

F(e)
f(c)

. AL
| o+ 5 vt +11] 20
0
(EC.20)
By Lemma we know that ¢ and ¢ are well-defined when v(7)3) +1 >0 and v(7;) +1 <0,

cvzsupfeefensenl: Qu+) [ fola) = ol otn)dn-+ e+

2

respectively, with the existence of 7}, requiring h(7) <O0.

LEmMA EC.4. When h(7) <0, we have the following results.
(1) If é3 < c(12), there exists a unique 7y € [12,7'] such that

! i @) [ A T
(Ao +A) / o) — v(7i)] g(n)dn+[c<n2>+ f(c(ﬁg))] [0(772)+ = ot +11] =0, (EC21)

where 77 is defined by (55). If v(ij2) + 1 <0, there exists 7y < 7js such that Uo(7jy,72) = 0. In

this case, we have 1(7,72) > 0, where v is defined by (EC.17)).
(2) If (i) v(2) + 1> 0, there exists a unique 1y € [N2,7'], or if (ii) ¢ < c(M1), there exists a unique
M € [, 7], such that

; ; F(Q(m)) ! —o(7 .
o(rh) [c<m> n f(c(mﬂ ot A) / [o(n) =) o) dn =0 (EC.22)

and U, (1)1,72) =0, respectively. Moreover, we have h(1y) < 0.

Proof of Lemma[EC.Z  To prove the first part, define

)= at &) [ 106) = o] o) as-+ et + ZED ] Jota)+ 5 ot +11] . (BC.29

Taking derivative yields

) = = O+ 8)(a) [L= Gl + 5 [c<n> T if((((;’)))) } [vm) A+ 1]]
F(cn)] (A o
* ["(") * f(C(n))] (Ao * 1) )

- oo+ 2 a3 ] (3 ) B

<0

which is nonnegative if n <7’. We have

1

Ba(i7) = (Mo + A) / [o(2) — o(if)] g(z) dz > 0

=l

n
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and

F(c(2))
f(cli))

where the inequality follows from ¢ < ¢(7)z), implying the unique existence of 7, € [12,7]. The

hali) = (o-+8) [ [o(:) = 0Gi)] g(2)az+ [c<ﬁ2> n

12

| [oti+ 5 106 +11] <o

existence of 7; € [0,7] is ensured by v(7z) + 1 < 0. It remains to verify that ¢(7;,72) > 0, which

follows from

S() . S()

=0.
oo Ao

L(ﬁhﬁ?) =

To prove the second part, we first verify that vg <0, which follows from

1
W) <0 = Al/v(y)dG(y)+vE§0 S <0
7

N———
>0

Define

F(c(n))
fle(n)

= [t A)on) +A] |etn) +

} +(No+A) / [v(z) —v(n)] g(z)dz. (EC.24)
Taking derivative yields

)= 3 o+ )/ (0) [c<n> "

= (Mo +A)2'(n) 1 —G(n)]

_ 1 o £e(m) ; d . F(c(n))
= {““”) ) Fletyy Tt A+ AL G [(an(c(n))]}'

We know that function h; is increasing for any n € [0,7/].

To prove the unique existence of 7j;, it suffices to show that, in cases (i) and (ii), we have
hi(n2) <0< hy(77) and hy(171) <0< hy(77), respectively. The nonnegative condition follows from
1

ha(7) = (o + A) / [v(2) —v(i)] g(2)dz > 0.

7!

n
It remains to prove the other desired inequality condition.

e When v(72) +1 >0, we have

(i) = v<ﬁ2>+fo[v<ﬁ2>+1]] {c(ﬁsz]HAMA) [ )= vt g(2)
< 0,

where the inequality follows from ¢, < (7).



e-companion to Xu, Lopomo, Ridley, and Sun: Conditional and Lenient Drug Approvals ec37

e When v(72) +1>0 and ¢ < ¢(7;), we have

mal) = o) + 3 B+ 1] e+ HED |+ o+ ) / [v(z) — ()] g(2) dz
< [om+ 5, b+ e+ ERT] ot [z + 0

where the inequality follows from ¢; < ¢(7;).
Therefore, the given conditions guarantee the unique existence of 7.

It remains to verify that h(7z) <0, which follows from
(1)) e > >me>12 = h(1e) <0, and
(@) =i = 2= = h(p) <0,
where 75 > 1}, follows from the proof of Lemma
This completes the proof. ]
LEMMA EC.5. If & > (i1, 11), we have t;(n") >0, where n' is defined by (EC.16)),

F(e(m(n2),m2))
f(e(mnz),m2))

Y / [o(2) — v(m)] g(z)dz — () + g (EC.25)

72

t1(m2) = v(n2) [0(771(772)7772)+ ]+()\0+A) /( )[U(Z’)—U(Ul(m))] g(2)dz

and function 11(n9) is determined by Wy (ny(n2),n2) =0.

Proof of Lemma[EC.5 The given condition ¢ > &(7);,71) can be rewritten as
1 e .
. e F(c(mn, . A .

a8 [ foo) = o)) g+ [etnin) + G i 4 2 o)+ .

’;]2 f(c(nl)nl))

Recall that the two thresholds 7, and 7, satisfy ¢(71,72) =0, we have
1 _/ o o

. e o F(e(n,

(Ao +4) / [v(n) = v(12)] g(n) dn + {C(m, i)+ i )
2

= Qo+) [ [ol) = o(i)] g(n)dn+[5(ﬁ1,ﬁ1)+

M2

—~
ol Ze
=
ol [e
[y

LA ()] |
+ 2 Jetinin + (6(771,771))] i)+ 1

>
S
+
s
\H
=
=
N~—
i

F(é(ﬁl’fh)) v o
f(C(ﬁl,ﬁl))] ()

F R A (- GO [olie) £ 1)+ A [1— G [v(e) + 1]

(e, m))
f(e(, i)

12)] g(n) dn+ |:E(ﬁ177071) +

= Qo+ hi+8) [ ol = uli)] gln)dn+ [c<ﬁ1,ﬁ1>+

M

| v6) = i) + 05
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+A [1=G)] [v(2) +1]
< (Ao+ A +A) / v(n) —v(n2)] g(n)dn+ |e(m,m) +

+A [ =G0)] [o(n2) +11,

M v(1j2) — v(12) +vE

where the first inequality and the second equality follow from v(7y)+1 < v(n')+1=0and ¢(1};,7) =
0, respectively.

Define

Tm»z@w»ﬁﬂy/wm%wmﬂmmm+&WWﬁmm»

72

—v(m) +ve+A[1=G(np)] [v(np)+1], V€0,

where 7, (1) is determined by Wy (1, (n2),72) = 0. Taking derivative yields

F(e(ni(n2),m(n2)))
fe(mnz),m(m)))

v(12) —v'(1m2)

Tﬁm——%M+M+AMWMH—G%H+me&mWM+ }uma

+dd772 [0(771(772)7771(772))"‘
+A [ [v(n) +1] g(n2) + [1 = G(n2)] V' (12

> an [5(?71(772)7771(772)) + il
0

where the first inequality follows from 7,(n,) < n, for any 7, € [0,7'], as established in Lemma
EC.3|(2). Therefore, we have

ti(n') ="T(n") =T (1) >0
which completes the proof. O
LEmMMA EC.6. When one of the following conditions holds, (i) h(77) <0, é > &(m,m), (ii)
h(n) <0, & > ¢é(m,m2), or (iii) h(n) >0, we have the following results.
(1) If ti(n') <0, there uniquely exist nt <1 <19 <7 such that t,(12) = 0, where function t,

is defined by (EC.25), 01 = n1(2), and function n1(na) is determined by Wq(ni(n2),n2) = 0.
Moreover, we have h(n) > 0.

(2) If t2() <0<t (n') =ta(n'), there uniquely exist 1 <1 <o <n' such that ty(1),) =0, where
i =m(72), 1 is determined by n,(17) =0,

ta(n) = [v(n) AAO v (Th)ﬂ]] [6(771(772),771(772))—{-F(E(nl(n2)’nl(n2)))

1 fe(n(n2),m(n2)))
+ (Ao +4A) / [v(n) —v(n2)] g(n) dn — (i (n2),m2), (EC.26)

n2

and function n1(n9) is determined by Yo(n1(n2),n2) = 0. Moreover, we have t(11,72) <0, where

L is defined by (EC.17).
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Proof of Lemma[EC.6. To prove the result in case (1), taking derivative yields

! _ ’Ul ( (771(772)7772)) v d (
) = /() [elm (o)) + T W))]+ (1) g (etm o))+ )

— (Ao +A)v' (m(me)) 1 —G(m 772)) —A0'(n2) [1 = G(n2)] = v'(n2)
Y F(e(ni(m2), 2) F(e(ni(m2),m2))
= 0 e (), ( ) )+ 5 i ne) )

+ Ao (12) — ()\0+A) (771(772)) (12)] [1 = G(m(m2))]

/\\_/

ol

F(e(n(m2),m2))
f(e(m(n2),m2))

which is positive for any 7, € [0,7]. The unique existence of 7, is ensured by the monotonicity of
t1, t1(n') <0, and the following;:
e In Lemma we have proved that given ¢,(n') <0, it is impossible to have & > ¢(1;, ;).

= v'(n2)

+ v(n2) dd772 (E(m(??z)ﬂh) + ? (<7?771((7?7722))’:7722))))> ’

—
Ql

e If A(77) <0 and ¢ > &(11,72), we have

7)) = u(7 a7 (5(771,772)) 1vz—vv ) dz
) = w0 |2l )+ el o) [ o(e) el o)

A / [0(2) = v(2)] 9(2) dz — v(i) + 5

| |
: Pt

= olm) |etm) + ] k) [ o) = o)l ()

71
>0,

where the inequality follows from ¢é; > é(71, 7).

e If A(77) > 0, or equivalently,
1
A1 / v(z)g(z)dz +vg >0,
Ul

we have

ti(n) = (Mo +A) /

n1(7)

[0(2) — v(m(@)] 9(z)dz+ Ay / 0(2) g(2) dz +vg > 0.

>0

The remaining condition h(ny) > 0 follows from either 7, <17, or h(7) > 0.
To prove the second part, differentiating ¢, yields

F(C(Ul(nz)vnl(ﬁz)))]
f@mi(n2),m(n2)))

d : F(e(ni(n2),m(n2)))
[““72””] ans [ (), () + f(é(m(nz)ml(nz)))]

ty (1) = <f0+1> v'(12) [C(m(nz),m(nz))Jr

+ |:’U(7]2) +f0

=/

~ o+ )0/ () 1= Gl + =12

- (f +1) o () [H(mm 11— G ()] = Do [1 - Gln)] +
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A o Fe(mnz),m(n2)))
" <>\o " 1) ) ey o) ()

For any n, € [0,7'], we have (Ao + A)v(n) + A <0, implying that ¢,(n,) > 0. The unique existence
of 75 € [11,1'] is ensured by #5(1) <0 <t,(n') and the monotonicity of t,.

By definition of Z in Lemma to prove the non-positivity of ¢(7,72), it is equivalent to
showing that Z(7),) > 0. We prove the desired result in the following cases:

e If A(77) <0 and ¢ > &(71,72), the desired result follows from

(i, 12) = —Eg\ff) < —E()\ZT) < —Eg\?) <0,
where the three inequalities follow from 7, <nf, nf <1, and Z(1j,) > 0, respectively;

o If h(7) <0 and ¢ > ¢(11,m:1), since Z(172) = 0, it suffices to verfiy that 7, <1, or equivalently,
to(12) > 0. The desired result follows from

F(e(1,7))

f@€0n,m))

Tt A) / o) — v(ite)] 9(m) dn — e(in, )

72

i) = [o0)+ 5 o0 + 1] [elinoin) +

=0
>0

)

where the inequality is implied by ¢ > (71, 71).
o If h(7) > 0, the desired result follows from

t(M, 1) = —

where the second inequality is implied by Z(n') = X\¢ h(n') > Xo h(77) > 0.
This completes the proof. ]
The following proposition summarizes the values of ¢, &, 71, and 7, in all possible cases. We
assume t,(17) <0 to exclude scenarios where the optimal 7; = 0, meaning final approval is granted
regardless of the revealed efficacy level. Such cases imply that testing is not utilized, which is

unrealistic in practice.

ProrosiTioN EC.1. The values of ¢, &, 11, and 12, depend on model parameters in the following

cases.
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(1) If c(i1) < & < é(i,72), the optimal policy follows case 1, as defined in . We have ¢ = ¢4,
&= Ttat = ond i =
(2) If c(na) < ¢ < ¢(Mh,m1), the optimal policy follows case 2, as defined in . We have ¢ = ¢,

A e—Xg [1-G(i2)] L L
= TR Gl -G+ =G ' = s and s =1,

(3) If ¢1 < (i) or éa < c(1)2), the regulator never grants conditional approval, i.e., & =0, implying
that as(c,n) =0 for any (¢,n) € [cr,cu] X [0,1]. The thresholds ¢, m1, and 75 are determined
as follows.

(a) When ¢y < c(n2) and v(72) +1 <0, the optimal policy follows case 2, as defined in ,
(i) if c(72) < cr, we have ¢ =cy, and 7y = 1;
(i) if cp < (M) < cm, we have ¢ =c(M) and 1y = 1;
(iii) if c(7') < ey < c(72), we have ¢ =cy and 7, =sup{n € [0,1]:¢(n) > cx}; and
() if cg <c(7'), we have ¢ =cy and 7, =17'.
The other threshold 7, can take any values between 0 and 7)s.
(b) When (i) ¢ < c(n2) and v(72) +1 >0, or (ii) ¢, < c(i), the optimal policy follows case 1,
as defined in ,
(i) if c(i) < cr, we have ¢ =cr and 7, =1;
(i) if cr <c() < cm, we have ¢ =c() and 1y =1y ;
(111) if c(') < ey < (), we have ¢=cy and i =sup{n € [0,1]:¢(n) >cu}; and
() if cg <c(7'), we have ¢ =cy and 1, =17'.
The other threshold 1y can take any values between 7, and 1.

(4) If h(n) >0, or ¢, > é(i,72), or ¢ > (N, M), the regqulator grants full conditional approval
to firms whose types are below the threshold, i.e., & = 1. The thresholds ¢, 71, and 72 are
determined as follows.

(a) When ti(n") <0, the optimal policy follows case 1, as defined in (49),
(i) if €(m,m2) < cr, we have ¢ =cyp, and 7y =1, =1;
(ii) if cp, < é(m,n2) < cm, we have ¢ =¢(My,M2), Th =, and My =1s;
(ii3) if e(7',7) < cg < é(M1,1m2), we have ¢ =cy and (M1,72) such that &(i,M2) = cy and
Uy (11,72) =0; and
(v) if cg <&(i7',7), we have ¢ =cy, M =1, and g =1.
(b) When 0<t,(n') =ta(n"), for cases (i)—(iii), the optimal policy follows case 2, as defined
n ; and for cases (iv) and (v), the optimal policy follows case 1, as defined in ,
(i) if €(th, ) < cr, we have ¢ =cy, and i, =1;
(i) if cp, <é(f,m) < cu, we have ¢ =¢(M)y, 1) and Hy =1);;

(i) if e(n',n") <cyg <e(M, M), we have é=cy and i =sup{n €(0,1]:&(n,n) > cu};
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(iv) if e(i,7) < cux <e(nt,nt), we have é=cy and (M1,72) such that &(f, M) = cy and
Uy (M1,72) =0; and
(v) if cg <e(7,7), we have ¢ =cy, 1 =1, and 7y =
For cases (1)—(iii), the other threshold 1y can take any values between 7j; and 1.
Proof of Proposition[EC.1. The mechanism is a “take-it-or-leave-it” offer, and a firm of thresh-
old type ¢ < cg’s expected payoff is always 0. When ¢ = cy, the mechanism is pooling and clearly
feasible. Moreover, by Lemmas we have 7); < 1), ensuring the feasibility of our candi-

date solutions in all cases.

We start with proving the optimality in case (1). Define

k= —v(72),
x(e;n) = Ao+ A) [o(ih) —v(m)] g(n) fc), V(e,n) € lew,en] X [0,7],
_ {(A0+A1+A) [w(i) —v(m)]+ A1 [v(h2) — o))} 9(n) f(e), Y(e,n) € [er, cu] X [0,7],

w(c,n)

YU L A () —o(m)] g(n) £(e), V(e,n) € [er, cu] X 71, 772],
p(e,n) = (Xo+A) [v(n) —o(m)] g(n) fe),  V(e,n) € e, cul X [, 1],
§len) =X [v )*U(nz)] g(n) f(c), Y(e,n) € ler, el X [72,1],

_ o . F(c) )
o(c)= >\0+A [w(n) —v(@)] g(n) dn+o(7) |c+ 70 fle), Veelep, ], and
B(c) = —o(c), VCE[CCH]

The nonnegativity of k, x, the second part of w, u, and £ follows directly from their respective
definitions, while the nonnegativity of the first part of w follows from its monotonicity in 7. The
nonnegativity of o and f is ensured by the monotonicity of o(c)/f(¢) and B(c)/f(c) (Assumption
, along with the definition of the testing threshold ¢ = ¢;. Because

—m—/C:HA:acm)dndc:vE,
V(o) € e, ca] x 0,7
e+ dogta) | £(c,2)dz = Dy [o() — vg] + A [o(m) + 11] () £,
V(en) € enrca] x i, 1)
e+ ago) | €620 = D o) = ]+ A o) 1] ) 0,
(e,n) € ez, en] x 0,7

—w(en) +x(en) + A g(n) / £(e,2)dz = A [o(n) — i) 9(n) £(0),
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V(e,n) € [erscu] X [11, 7]

e n) + A g(n) / £(c2)dz = [v(n) — i) 9(n) F(0),

V(Cﬂ?) € [CL?CH] X [7727 1]:

£(e,m) + g () / £(e,2)dz =\, [o(n) — ve] g(n) £(0),

Vee e, ¢l

U(C)—/mlu(cm)dn—/C:/;f(y,n)dndy—c/ﬁ:é(cm)dn:vE e £(e) + F(o)),

Vee ¢, cen):

it~ | ju(c,n)dn— [ :5<y,n>dndy—c / :§<c,n>dn—vE e£(e) + F(o)],

we have

k [-(cy)] —k/c6 dc+/CHﬂ dc+/ / (eym) ¢)]dnde
L CH/M )] dnde +/ / ;)] dnde

/ &(e,m) [a3 (c,m) — / 7(y)dy —c7(c )+/01 [Ao Ga(c, 2) + A1 G3(c, 2)]dG(2) | dnde

/ / &(e,m) dndc] (cxr)

x(e,n)+Xog(n / &(e,z dz} G (e,n)dnde

+

5

+
0 L

(e, m) + Ao g(n /7725 Z} 2(c,n)dnde

[
Lt

|
/

_|_

1

+

w(c,n)+x(c,n)+klg(n)/ 5(6,2)(12} as(c,m)dnde

_|_

1
1
n2 [ 1

w(cm)—l—)\lg(n)/ f(c,z)dz] as(e,m)dnde
1 2
1

H
L L
H

+

+

0'

/ {f(c )+ M g(n /1g (c,2 dz} ds(c, ) dn de

- [weasnee (s [ [/conan] o
s o //mdndy}
)+UE/:[ ] dc—i—// ~vg]+ A fo(n) +1]] dsle,n) dG(n) dF ()

i [ [ ot - v asteomacnarte

n
0
U]
7

H

H

+

[
5
[
A
/
|
/
L
/

= Vg H(CH
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Therefore, the objective function is bounded by f ¢)de, which is attained by our candidate

primal solution, i.e.,

/Cja(c)dc[vE@+Ao /1v(77)dG( )+)\1a/ )dG (1 +A/ 1) 411G )} o

=(%+%MF@)/iwﬁmmdn—Mm+AﬂW@( O (1= G|+ F (@) v(ii)

71

—-vEd+)\0/lv(n)dG(n)+)\1&/ )dG(n +A/ n)+1]dG( )] F )

L i1

= — Qo+ 8)F(&)v(in) [1 = GU)]+ e F(€) v(ile)

—|vpa+  Ma / o) dGly)  +AL—G@)]| F@)

72

=6 [0(712) —v -+ 1 v(72) [1-G (72)]]

- (_AoJrA)F(é o(m) 1 =G +eF (@) v() —[[6— Ao [1 = Gm)]] v(2) + A [1 = G(m)]] F(¢)
= [=(Qo+8)v() + Ao v(i2) = Al [1 = G(i)] F(6)
= 0.

To prove the optimality in case (2), define

K=— )\0 [(Ao+ A)v(ne) + A,
x(e;n) = (Ao +A) () —vm)] g(n) fle), V(en) € ler, cul x [0,7],
ple,n) = Ao+ A) [v(n) —v()] g(n) fle), V(en) € ler, cul x 172, 1],

w(e,n) = {(/\o + A+ A4) [o(2) —v(n)]+ A [v(72) + 1]} 9(n) f(c), v(e;n) € lew, en] x (0,74,

Ao
e = | Q02+ 2) () =]+ 53 A o) +11} 0) £, W(ern) € vl .,
I ) — o) - 2 A ) + 17} 96) £0), (e € fenscn] [, 1),
ste)={ 00 +8) [t =il gt an+ [e+ T | ot + 5 o) +11] 50 veelowdl

Blc)=—-0o(c), Veelé eyl

The nonnegativity of x follows from 7, <nf, as established in Lemma M(Q) The nonnegativity
of x and pu follows from their definitions directly. The nonnegativity of w and £ follows from the
relationship between 7; and 7, (i.e., Wy(ry,72) = 0, implying w(e, 1) = &(¢,m1) =0 for any ¢ €
[cr,cy]) and their monotonicity in 7. The nonnegativity of o and f is ensured by the monotonicity

of o(c)/f(c) and B(c)/f(c), along with the definition of the testing threshold ¢ = ¢. Because

cy 1
—n—/ / £(c,m) dnde = vg,
c, Y
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¥(e,n) € fer.cul x 0,7

“x(en) + dogn) [ (e 2)dz = Do [v(n) — vs] + A [o(n) +1]] g(n) £,
Vieyn) € lex, ] X [y 1]

e+ Augn) | €€612) s = b ola) = 0s] + & o)+ 1] o) 10
Y(e,n) € fes.cal x [0,

—w@ﬂﬂ+ﬁdan)+kuﬂnjéj&a2)¢%=klWM)—vﬂgwﬂfwx
Y(e,n) € less cn] X [, )
(em)+E(e,n) + A g(n) / §le.2)dz = Ay [o(n) —vi] g(n) F(o),
¥(e,n) € fer.cnl x [, 1)
(e + M g(n) / j&(az) dz = s [o(n) — vs] 9(n) f (o),

Ve € [er, d:

U(C)—/1M(c,n)dn—/C/lé(ym)dndy—c/ﬁj&(cm)dn:vzs e f(e)+ F(c)],

Vee ¢, cnl:
B() - / u(eym) dy— / / E(y,m) dndy —c / £(e.n)dn=vg e f(c) + F (o))
we have

& cH cH 1
k [-O(cy )]—I—/ UCTcdc—l—/ Blc) [-7(c) dc+/ / w(e,n) [Ga(e,n) —7(c)]dnde
/ / (¢,n) [—ds(e,n) dndc—i—/ / (e,m) [@3(c,n) — da(e,n)]dnde

/ / &(e,m) |:O[3 e,n) —I(cy) — / T(y)dy —e7(e )+/ [Aoda(c,z) + A1 és(c,2)]dG(2) | dnde

{/{/ /Ecndndc] (ca) O

{ x(e,n)+Xog(n / &(e,2) dz} G (e,m)dnde

A
+/H/{cn+Mg‘/§md4%@m®®
[

H
+ { w(e,n) +x(e,n)+ A1 g(n /fcz dz} as(e,n)dnde
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+

/m/f{<cm+acm+xw /562d4a“0m$m0

+/C:H/ {5(0,77)-1-)\19 / &(c, 2) dz} drs(c,m) dnde
[o ,ucndn—c/écndn //fyndndy}
LH[_ﬁ(C)_/,: ple,n dn—c/ﬁcn dn — //ﬁyndndy}

E(
:wﬂwﬂﬂm/ e+ 58] @ strae [ [ D ot~ on] & o)+ 1) e G aro
/ / ) —vg] ds(e,n)dG(n)dF(c).
Therefore, the objective function is bounded by f ¢)de, which is attained by our candidate

primal solution, i.e.,

/; o(c)de— {annLd /:2 (Ao +A)v(n) +A]dG(n)
+/l[(A0+A)v(n)+A1dG(n)+Ala/1

72 M

v(n) dG<n>] Fo

= Mot AVF@) [ o) — o(i)] gn)dn+ e F(@) |v(ia) + = [olie) + 1]
72 Ao

— [vEd + & [nz (Ao + A)v(n) +AldG(n)

+ [ 100+ ) v+ Aldcw +na [ o) dG<n>] F (o

= {00 2)00i) (1= G+ [oti) + 5 ol +1]

~Jusa+a / (O + &) vlo)+ AJAG() + 5 =Gl + 2 [ jvw a6 } F

A — E—Xo [1-G(2)] i3
where & = 1 o [Glhs) G+ s TGy represents the scale of conditional approval. Because

w Gl = A | / v(n) () + | () AG()

-x [ " () dG () + (i) — ve] + 2 o) + 1) L+ [L- GG

oAt 8) [ ol — =) 9(2)dz () [1 - Gl

where the second equality follows from ¢(7;,72) = 0, and
=& [Ao [G() = Gl + A1 [1=G(0)] + 1]+ Ao [1 = G(1)],

the duality gap boils down to

— (Ao +A) () [1 = G(2)] = A [1 = G12) + & [G(1]2) — G()]]



e-companion to Xu, Lopomo, Ridley, and Sun: Conditional and Lenient Drug Approvals ecd7

16 P [Glis) — GG+ M [L— GO+ A [1— Gl o(i)
+1a [60i) — Gl + Ao [L- GO 1 [00)+ 1)
6 (o A+ A) (i) [G ) — GO+ M o) [1— Gl

= 0.
To prove the optimality of cases (3)(a)(i) and (3)(a)(ii), define

k=5 (o A)uli) + A),
xlem) = (o +A) [v(i) = v(m)] 9(n) F(),  V(em) € lex,eu] x 0,7,
ple,n) = Ao+ A) [v(n) —v()] g(n) f(e),  V(e,n) € e, cu] x [72,1],
wmmzﬁ&+k+mh@»~wm+2AwmﬁH@gmf@,V@memwﬂxmmL
—{ Qo A1+ 2) [0Gi) — o) + 32 A (i) + 1]} g(n) £(0), ¥(en) € ewea) X [, ),
{2 o) = o)) = 3 & o) +11} () F(0) V(en) € [ex,eu] X [, 1],
6(0) =1l ) f(),  Vee lessenl,

F(o)

d@z(%+A\fwmwwmmgmmW+F+ﬂ@]ng+ihw»+ﬂ}f@,Vmwh

Eleyn) =

where C; and Cy are subsets of [cr,cpy] satisfying: (i) C; UCy = [cr,cp); and (ii) the measure of
C1NCy is 0. These subsets will be specified later.

The nonnegativity of x is implied by 7, < 7', as established in Lemma m(l) The nonnegativity
of x and pu follows from their definitions directly. The nonnegativity of w and £ follows from the
relationship between 7; and 7y (i.e., Vo (7,72) = 0, implying w(e, 1) = &(¢,m1) =0 for any c €
[cr, cy]) and their monotonicity in 1. The nonnegativity of ¢ follows from the fact that ¢(7;,72) > 0,
as established in Lemma [EC.4(1).

In the first two possible cases, we have:

1. if ¢(n2) < ¢, we know that 8 is nonnegative on [cr,cy]. In this case, we have C; =) and

Cy; = [cL,cn); and

2. if ¢, <¢(12) < ey, we know that o and [ are nonnegative on [cr, ¢(72)] and [¢(7}2), cu], respec-

tively. In this case, we have C; = [cr,¢(72)] and Cy = [¢(72), cu].

Therefore, the nonnegativity of ¢ and S holds automatically.

—m—/C:H¢(c)dc—/c:H/ﬁj{(c,n)dndc:wg,

Because
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v(e,n) € [ew, en] X [0,7)2]:
Ao @(c) g(n) = x(e;m) + Ao g(n) /ﬁjf(c,Z)dz = [o [v(n) — vl + A u(n) +1]] g(n) f(e),
V(e,n) € [er, cn] x 72, 1]:
Ao @(c) g(n) + ple,n) + Ao g(n) /ﬁj§(c,2)dz = [Xo [v(n) —ve] + A fo(n) + 1] g(n) f(e),
V(c,n) € [er, en] x [0,71]:
A1 g(c) g(n) —wle,n) +x(e,m) + A g(n) /m1 §(e,2)dz =X [u(n) —ve] g(n) f(c),
V(c,n) € [er, en) X [, 2]
A1g(c) g(n) + x(e;n) +&(e,n) + A g(n) /ﬁj&(cad dz = A1 [v(n) —ve] g(n) f(c),
V(e,n) € [ew, en] x [72,1]:

M 6() g(n) + () + M g(n) / £(c,2)dz =y [v(n) —vi] g(n) £(0),

Ve e Cy:
/C¢< )dy — ed(e) + e —c/ f(en)d
/CL/mﬁy" dndy — / ule.nydn=vple f(0) + F(c),
Ve e Cs:
- [ sway-coto —c/ () d
/CL/mﬁy’?dﬁdy / p(e,n)dn =wvg e f(e) + F(c)],
we have

K [—I(ey)] + / dc—|—/ﬂ dc—|—/ / w(e,n) [Ga(e,n) —7(c)]dnde
/ / w(e,n) [—éas(e,n) dndc—i—/ / x(e,n) [as(e,n) — éa(e,n)]dnde
e
AC

-l

[ag e,n) —(cy) — / T(y)dy — (e )+/ [Xo dalc, 2) + Ay ag(c,z)]dG(z)] dndc

0

{ / T(y)dy —c7(c) + Ao /Ol&g(c,n)dG(n)+/\1 /01(3(3(0,77)dG(77)] de

{ o(c)de— / /{cndndc} (cu)
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o

. / / " [Am(c)g(n) = x(e;) +Aag(n) / }(c, 2) dz} Galen) dyde
. /n: {,\Ogb(c)g(n)ﬂtu(w?)+A09(77) /m1 §(c,z)dz} diz(c,n) dnde
L[ / " {Al 9(c) g(n) —wle.n) +x(e,n) + A1 g(n) / jac?z)dz} Ga(c,m) dryde
+/:I /: {,\1 ¢(c) g(n) + x(c,n) +&(e,n) + A1 g(n) /mlf(c’z)dz] Galc,n) dnde

+/:’/; {Algb( ) g(n) +€(e;m) + A g(n / £(c,z) dz} (e, ) dnde

+/[/‘;S Jdy=edle)o(e) - / Cndn—c/wndn /CL/mfyndndy] r(c)de
/[ /¢ ) dy —cole) - 5<>—/ﬁ M<C»n>dn—c/ S(c,n)dn—/%/ﬁlay,n)dndy} r(e)de

- UEH(CH)+UE/ {c—l— f((zﬂ dc+/ / Do [o01) — vs] + A [o(n) + 1)) dalc,n) dG(n) dF(c)
/ / ) —vg| ds3(e,n)dG(n) dF(c).
Therefore, the objective function is bounded by fc c¢)de. Substituting our candidate solution

into the objective function achieves the upper bound in the first two cases:
1. If ¢(72) < ¢r, we have ¢ = ¢y, and the measure of C; is 0. The regulator’s expected payoff from
our candidate policy and its upper bound are both 0.

2. If ¢p, < c(2) < cpy, we have

c(72) 1
/ o(c)de— F(c(iin)) / (o -+ A) () + A]dG(n)
F(e)

_ /C:(ﬁ”{uow) / o)~ o] gty dn+ e+ T ot + 5 b+ 1] | r@)ac

~ Fle(in)) / o+ A)w(n) + A]AG(n)

- {—(A0+A)v(ﬁz) 11— G + () {v<ﬁ2>+fo g <ﬁ2>+u] A [1—0@)1} Plelii))
=0,

establishing the optimality.
In case (3)(a)(iii), we set C; = [cr,cy| and Cy =0, and replace the thresholds 7; and 7, with
11 (772) and 7, respectively, where 7, is determined by ¢(7}2) = ¢z, and 7, (1) is obtained by solving
Wy (n1(n2),m2) = 0. In this case, the nonnegativity of k, x, i, w, and & follows from their definitions

directly. The desired nonnegativity of ¢ follows from

[1]

(772) 5(772) _

L(ﬁ17 772) =
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where function Z is defined by (EC.18)). The first inequality follows from the monotonicity of =
and the fact that 7y > 75. Due to the monotonicity of o, its desired nonnegativity condition boils

down to o(cg) >0, which follows from

o(cm) = ha(1i2) f(em) > ha(7i2) fen) =0,

where the function h, is defined in (EC.23|), and the inequality follows from the monotonicity of
hs, as established in Lemma [EC.4] Because all the multipliers remain nonnegative, the objective

function is bounded by fchH o(c)dc, which is attained by our candidate solution, i.e.,

/ Y () de [ 100+ 800+ Al ac(n)

n2

= [{owr s [ -t smans [es 5] [oom+ 3 w1} reac

- / (Mo + A) w(n) + A dG()

= O A0 [1 - GO+ e [ol)
— 0,

+ 2 loli) +11} CA[L-Gi)

where the last step follows from cy = Ag [1 — G(72)].
In case (3)(a)(iv), note that the integrand of the objective function is bounded above by

v as(c) + /0 (Do + A)v(n) + Al dale,n) dG(n) + A /O o(n) és(c,n) dG(n)

< an1<c>+/n

1

/

(o + A) v(n) + A] dafe, ) dG() + / v(n) 0 () dG(n)

s a1 [ 0060 st + [ 100+ )00+ 8] e a6

< [ 10+ 2)on) + A] dale,m) dG),

where the first inequality follows from the definitions of 7 and 7’ and the upper bound of d;(c,n),
while the second inequality follows from the given condition h(7) < 0. This upper bound is attained
by committing to no conditional approval and adopting the myopic threshold (7, = 7). When
¢y < ¢(1'), this policy enables the regulator to induce firms of all types to participate. Therefore,
the mechanism is optimal under the given conditions.

To prove the optimality of cases (3)(b)(i) and (3)(b)(ii), define

K= _U(T//Q)v
V(cvn) = ()‘0 + A) [U(ﬁl) - 0(77)] 9(77) f(C), V(C, 77) € [CLvCH] X [O’ﬁl]’
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pu(e,n) = (Ao +A) [v(n) —v(h)] g(n) f(e),  V(e,n) € [er, en] x [, 1],
w(e,n) =M [v(h2) —v(m)] g(n) fc),  V(e,n) € [er,en] x [0,7],

E(e,n) =i [v(n) —v(2)] g(n) fle),  V(e,n) € [er, cn] x [, 1],
d>(c)={—>\1 /1 [v(z) = v(72)] 9(2)d2+v(ﬁz)—vE} fle), Veeler,cal,

{otn {+ Tl / () = o0 gt d} f(0), Veed

B(c)=—o(c), VeceCls.

)
—
o
SN—
Il

The nonnegativity of x follows from the fact that 7, < 7' < 7. The nonnegativity of v, u, w, and
& follows form their respective definitions directly. The nonnegativity of ¢ follows from Lemma
EC.4(2).
In the first two possible cases, we have:
1. if ¢() < ¢, we know that § is nonnegative on [cr,cy]. In this case, we have C; =) and
Cy=cr, chl; and
2. if e, <c(11) < ey, we know that o and [ are nonnegative on [cr, ¢(7;)] and [c(7}1), cu], respec-
tively. In this case, we have C; = [cr,, c(7h)] and Cz = [c¢(7h), cu]-

Therefore, the nonnegativity of ¢ and S holds automatically.

—m—/C:H¢(c)dc—/C:H/ﬁ:{(c,n)dndc:vE,

Because

(e,n) € ez ea] x 0,71
(0D a(0) V(e + Dogtn) [ €)= o o) =0l + & o)+ 1 a0) 10
(o) € ez en] x i, 1)
Ao é(c) g(n) + ple,m) + Ao g(n) /n: £(c,z)dz =[N [v(n) —ve] + A [v(n) +1]] g(n) f(c),
V(o) € e cn) x 0,73
00D a(0) ) + o) | €(ei2)4z= A o) o] a(0) 10
V(en) € [es,ca) x Dios 1]

M 6() g(n) + Eem) + A g(n) / £(c,2)dz= A, [o(n) —ve] g(n) £(0),
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Veels:
/C¢()dy—c¢()+a —c/§cn
/CL/nf@“?dﬁdy / pu(e,n)dn=wvg e f(c) + F(c)],
Ve ey
—/Cas( ) dy— (0 —c/ €(en)d
/CL/nzﬁy"dﬁdy / p(e,n)dn=wg[c f(c) + F(c)],
we have

K [~TI(ex)] + / o(e)7(c) de+ / Ble) [=r(c)] de+ / . / " o) [da(en)] dyde
/CH/ w(e,n) [Ga(e,n) —7(c dndc—l—/ / w(e,m) [—és(c,n)]dnde

/CH/ &(e,n) [ag ¢,n) —(ew) — / T(y)dy —c7(c )+/O Ao @a(c, z)+,\1@3(c,z)]dg(z)] dnde
/ 9(c) [ / 7(y)dy —e7(c) + Ao /010“z2(c,v7)dG(n)+A1 /Oldg(c,n)dG(n)] de

:{n—/L o(c dc—/ /fcndndc} (cu)
+/CZH/ {)\Oqﬁc g(n) —vie,n)+ Xog(n) / (e, z) dz} az(c,m)dnde

+/ /m[w )+ ) + Do gl /gczdz}%(cmdndc
|

H/n2 [)\ é(c) —w(e,n)+ A1 g(n) / &(e,z dz} as(e,n)dnde
0

H/ [/\1 n)+E&(e,n) + A1 g(n / (e, z dz} as(e,n)dnde

/.
+/ [/ ¢(y)dyc¢(0)+"<0)/ﬁ C”dn*C/ﬁcndn /L/nzfyndndy] () de
/ [ /¢ )dy —cg(c) ﬂ()—/ﬁ wle,n) dn—c/ £(e,n) dn—/CL/mg(ym)dndy} () de

_UEH<CH)+UE/ {c f(ﬂ dc+/ / Mo [v(n) — vs] + A [u(n) + 1]] da(c,n) dG(n) dF (c)

/ / ) —vg] az(c,n)dG(n)dF (c).

+

nh

_|_

Therefore, the objective function is bounded by fc ¢)de. Substituting our candidate solution
into the objective function achieves the upper bound in the first two cases:
1. If ¢(1y) < cr, we have ¢ = ¢y, and the measure of C; is 0. The regulator’s expected payoff from

our candidate policy and its upper bound are both 0.
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2. If e, < c(1y) < ey, we have

(1) 1
/ o(c) de — F(e(h) / (Mo + A)o(n) + A dG(n)

_ /j'“ {v%) [+f§(<” +1<AO+A> / o) — ()] g<n>dn} f(e)de

— F(c()) / o+ A) w(n) + A]AG(n)
= Mov(12) — (Ao +A)v(rj) —A] [1 = G(11)] Fc())
=0,

where the last step follows from W (7j;,7,) = 0.

In case (3)(b)(iii), we set C; = [c1,,cy] and C, =), and replace the thresholds 7j; and 7, with 7,
and (71 ), respectively, where 7; is determined by ¢(7;) = cu, and 72(7;) is obtained by solving
Uy (n1,m2(n1)) = 0. In this case, the nonnegativity of k, v, u, w, and & follows from their definitions
directly. The desired nonnegativity of ¢ follows from

h(i2) < h(1j2) <0.

The nonnegativity of o follows from its monotonicity and

o(cu) =hi(im) flen) = ha (1) f(en) =0,

where the function h; is defined in (EC.24]), and the inequality follows from the monotonicity of
function h;, as established in Lemma [EC.4] Because all the multipliers remain nonnegative, the

objective function is bounded by fCCLH o(c)de, which is attained by our candidate solution, i.e.,

[ rt@de= [ (0a+ 2yt +alac)

m

- /:’{uow) / o) = o] gty dn-+ e+ T ot + 5 o)+ 1] | r(@)ac

- / (o -+ A) () + A]dG(n)
= ot A)oli) [L— G +en [v<m>+f0 [v(ﬁ1)+1]] C AL G(in)
=0,

where the last step follows from cy = Ag [1 — G(71)].
In case (3)(b)(iv), similar to case (3)(a)(iv), committing to no conditional approval and adopting
the myopic threshold (7j; =7) enables the regulator to induce all firms to participate. Therefore,

this mechanism is optimal under the given conditions.
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It remains to prove the optimality of the last case. For (4)(a)(i) and (4)(a)(ii), define

k= —v(12),
vie,n) = Ao+ A) [v(n) —v(n)] g(n) f(c), V(e,n) € [er, en] X [0,0],

plen) = o+ A) [o(n) —vin)] g(n) fe),  V(en) € ler, enl x [, 1,
w(e,n) =M [v(n2) —v(m)] g(n) f(c),  V(e,n) € lew, cu] X [0,75],
§lem) =X [u(n) —v(i)l 9(n) fe),  V(en) € [er, el X [, 1],

P(c) :_{M 1 [v(2) = v(2)] 9(2) dz — v (1) +vE} f(e),
{

o) ={uti) [e+ 79| + 00t ) [ 1ot - ot gty

s [ 106) ~ o] 9200z~ (i) +ve  F(O), Ve,
B(c)=—o(c), VeceCls.

m

The nonnegativity of k follows from the fact that 7, < 7. The nonnegativity of v, u, w, and £ follows
form their respective definitions directly. The nonnegativity of ¢ follows from Lemma M(l)
In the first two possible cases, we have:
1. if é(ny,m2) < ¢, we know that 8 is nonnegative on [cr,cy]. In this case, we have C; =) and
Cy =cr, chl; and
2. ifep <é(m,n2) < cg, we know that o and § are nonnegative on [cr,, ¢(11,72)] and [¢(1,72), cH],
respectively. In this case, we have C; = [cp,, ¢(11,72)] and Co = [¢(11,72), cu].

Therefore, the nonnegativity of ¢ and S holds automatically.

—n+/c:H¢(c)dc—/C:H/ﬁ:ae,n)dndc:v&

Because

v(e,n) € [er, cnl x [0,m]:

—Xot(e) g(n) —v(e,n) + Ao g(n) /n: §(e,2)dz=[Ao [v(n) —vel+ A [v(n) +1]] g(n) f(c),
V(e,n) € [er, en] x [, 1]:

—Xotb(c) g(n) + ple,n) + Ao g(n) /77215(072) dz = [Ao [v(n) —ve]+ A [v(n) +1]] g(n) £ (),
V(e,m) € [er, cn] x [0,72]:

—Alw(C)g(n)—w(c777)+hg(n)/ (e, z)dz= A [v(n) —vEe] g(n) f(c),
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V(Cﬂ?) € [CL?CH] X [7727 1]:

M) gn) + Eerm) + A g() / £(e,2)dz= A, [u(n) — ve] g(n) £(0),

Vee e, ¢l
/w Jdy+(c—=1)¢(c) +o(c —c/gcn
/CL/Wﬁ y,n)dndy — / ple,n)dn=vg e f(e) + F(c)],
Ve € ¢, chl:
/Cw()dy+(c—1 - —c/gcn
/LL/Wf y.m)dndy — / ple,n)dn=wvg[c f(c) + F(c)],
we have |
K [=(cw)] + / dc+/ B(e )]dc—l—/C:H/Om v(e,n) [~éz(c,n)] dnde

// e, m) [a(em) — <>1dndc+/CLH/Oﬁ2w<c,n>[a3<c,n>1dndc

—|—/ / &(e,m) [ag (e,m) — (CH)—/:H 7'(y)dy—c7'(c)—|—/01 Ao éa(c,z) + A c%(qz)]dG(z)] dnde
e [ / 7(y) dy+ e7() - o /Ol&z(c,n)dG(n)—)\l /oldg(c,n)dG(n)—T(c)] de

:[;+/ = [ [ semanad me

+/ [ Xo () g(n) —vie,n) + Xog(n) / &(e,2) dz} az(c,m)dnde
+ [

J
/
J

[
g rl
/ =X ¥(c) g(n) + ple,n) + Ao g(n) / e,z dZ} oz (c,m)dnde

H/O'z {_)\17/1(0) (n) —w(e,n) + A1 g(n /1§ (¢, z dz} és(c,n)dnde

"

m
1
n2 L
c
c
L

+

+

=M1 ¥(e)g(n)+£&(e,n)+ A1 gln / &(e,z dz} as(e,n)dnde

(C)+<T(C)—/7_7 (c,;m)dn— 6/€cndn //ﬁyndndy}
(C)—B(C)—/7 p(esn dn—C/ﬁcn dn—/g/&.%n dndy]Tc c

— wpT(en) +vs /H { C} dc+/ / Do [0(n) — vs] + A [v(n) +1]] da(c,n) dG(n) dF (c)

C

// n) = vs] sle,n) AG(n) dF ().

Therefore, the objective function is bounded by fc ¢)de. Substituting our candidate solution

_|_

o

() dy+(c—1
+/c2 [ i Y(y)dy+(c—1

)Y
)Y

into the objective function achieves the upper bound in the first two cases, which follows from:
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1. if é(ny,m2) < e, we have ¢ = ¢ and the measure of C; is 0. The regulator’s expected payoff
from our candidate policy and its upper bound are both 0;

2. if ¢p < (1, 72) < cg, the regulator’s expected payoff from our candidate policy attains this
upper bound, i.e.,

1

/CC(nlm)U(c)dc— [vﬁ/l [(Mo+A)v(n) + AldG(n )+)\1/
= (o) 140 [1— GO+ A [1- GO~ A 1 — GG

ot A)u(in) [1— Cln)] — M vlin) [1— GOm)] — (i)} (e, )
= Dovlia) — A — (o + A) ()] [1— Gin)) F(elin i)

=0,

v(n) dG<n>] Feiin, )

where the last step follows from W, (7;,7) = 0.

In case (4)(a)(iii), we set C; = [cp,cy] and C; =0, and replace the thresholds 7; and 7, with 7;
and 7j,, respectively, where the two thresholds are determined by é(7, 1) = ¢y and Wy (1), 72) = 0.
In this case, the nonnegativity of x, v, u, w, and £ follows from their definitions directly. The
nonnegativity of ¢ follows as: if h(77) <0, we have h(72) > h(72) = 0; otherwise, we have h(n) >

h(77) > 0. The nonnegativity of o follows from the fact that for any c € [cy, cy], we have

o(c) 2 o(cn) =t1() fen) 2 t1(2) f(en) =0,

where the function ¢; is defined in (EC.25)), and the inequality follows from the monotonicity of
t1, as established in Lemma Because all the multipliers remain nonnegative, the objective

function is bounded by f ¢)de, which is attained by our candidate solution, i.e.,

1

/CZH o(c)de— [vE+/1 (Ao + A)v(n) + AldG(n) + Ay /

! 72

o(n) dG(nﬂ Flen)

= cqro(ii) + (o + A) / fo(n) — v(ih)] g() dn+ Ay / [o(2) — v(if2)] 9(z) dz — v(ik) + vp

- [W [ 0o+ a0+ alacn +, | v(n)dG(n)]
= CHU<ﬁ2)—(>\0+A) ( )[ ( 1)]—)\17)(772) [1—G(772)]—U(772)—A [1—G(771)]
— len— A [1-GG)] ~ 1] [ (i) +5 0 <ﬁ1>+1]] (Mo -+ A)u(if) [1— GG — A [1— Glin)

= [)’
where the last equality follows from

cg =14+ [L=G()]+ M [1 = G(12)].
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In case (4)(a)(iv), we replace the two thresholds 7; and 7, with 77 and 7, respectively. The desired

nonnegativity condition for ¢ boils down to
A1 /lv(z) dG(z)+vg >0 < h(f)>0.
ﬁ
Suppose h(77) < 0. We have
&1 > (i1, 72) 2 1+ Ao [1 = G(7)] + A1 [1—G(7)]

or

&> (i, ) =1+ Ao+ M) [1=GN)] =1+ o+ M) 1-G(@)],

which contradicts the condition cgx < &(77',7). Therefore, we know that h(7) > 0, guaranteeing the
m,n n

nonnegativity of ¢ and o, where the latter one follows from

1

o) = M0+A>/fwm»—wﬁngmnm+xl/fwwgwnu+vE f(e)>0.

!

=h(7)=0

The candidate primal solution attains the upper bound fCCLH o(c)de, i.e.,

Al

/md@@—Lm+/ﬁuwummm+aw0mwa3/v@MGmﬂF@m
WS / () — v(7)] g(n)dn—i—)\l[ o(2) g(2) dz + vs

o+ [ 0wt 8)vn+ a6+ [ otmaci)
= (ot A)o() + A [1- ()]
=0,

where the last step follows from the definition of 7.

It remains to prove the optimality in case (4)(b). For the first two subcases, define

=== [(Ao+A)v(i) + A,
x(e,n) = Ao+ A) [o(n) —v)] g(n) fe),  V(en) € lew, en] x (0,72,
n) = o +A) [o(n) —v(i)l g(n) fc), V(en) € lew, cnl x [, 1,
Ao+ A1+ A) [v(ie) - U(U)H:\\;A[v(ﬁ2)+1]}g(ﬁ)f(0)a V(e,n) € ez, en] x [0,7n],

M+M+AH()—MM 3 A [ulin) + 11} g(n) £(), ¥(e.n) € lesscnl x lin i),
n) = ()] = 3 A [o(in) + 1]} g(n) £(0), V(e n) € lew, ea] X [in, 1]



ech8 e-companion to Xu, Lopomo, Ridley, and Sun: Conditional and Lenient Drug Approvals

b(e) = —u(in, i) fc), Ve ler,enl,
o(c)= { [v@z) +f0 i) + 1]] [c+ E @]

70
+H0u+2) [ o)~ o) g(n)dn+‘”<0)}f<c>, veet,

f(e)
B(c)=—o(c), VeeCls.

The nonnegativity of x follows from the fact that 7, < ' <#’. The nonnegativity of x and yu follows
from their respective definitions directly. The nonnegativity of w and & follows from the relationship
between 7; and 7, (i.e., Wo(7)y,72) =0, implying w(c, 1) =&(c, ) =0 for any ¢ € [c, cy]) and their
monotonicity in 1. The nonnegativity of ¢ follows from Lemma [EC.6(2).
In the first two possible cases, we have:
1. if é(f1,M) < ¢, we know that 8 is nonnegative on [cr,cy]. In this case, we have C; =) and
Cy = [cr,cu); and
2. if cp, <é(m, M) < cu, we know that o and /3 are nonnegative on [cr, ¢(71, 71 )] and [¢(7)1, 1), cu],
respectively. In this case, we have C; = [cr,,¢(Th, )] and Co = [¢(T1,1), cu]-

Therefore, the nonnegativity of ¢ and S holds automatically.

_m+/0Hw(c)dc—/CH/ &(eyn)dnde=vg,

Because

v(e,n) € [er, cnl X [0,12]:
—Xo9(c) g(n) — x(e,m) + Ao g(n) /ml §e,z)dz=[Ao [v(n) —ve] + A [v(n) +1]] g(n) f(c),
v(e,n) € [er, cul X [, 1]:
=X 1p(c) g(n) + ple,n) + Ao g(n) /mlﬁ(c,Z) dz=[Xo [v(n) —ve]+ A [v(n) +1]] g(n) £ (),
v(e,n) € [er, en] X [0,m]:
) g0) ) x(eon) s | €l6i2)2 = o) = o] ) )
V(e,n) € [er,ca] x [, i2):
=M yp(e) g(n) +x(e,n) +&(e,n) + Avg(n) /ﬁj&(w) dz =X [v(n) —ve] g(n) f(c),
V(e,n) € [er, en] x [z, 1]:

“n () g(n) +E(em) + g () / £(e2)dz =N [o(n) — vg] g(n) £(0),
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Vee [ep, é):
/c:w(y)d“(c—l)w(C)Jra(C)—/ﬁ:u(c,n)dn
/C:/mlg(y’n)dndyC/ﬁjf(c’n)dnsz[Cf(c)"_F(C)L
Ve e (¢ cnl:
/C:¢(y)dy+(c—1)w(c)—ﬁ(c)_/ﬁ:u(c,n) a
_/C:/ﬁjé“(y,n)dndy—c/ﬁjg(c,n)dn:w[Cf(C)JrF(C)]’
we have

5 [- H(cH>]+/ sy rdes [ 5(0) [ dc+/ / x(en) [as(em) — da(e, )] dnde

/ / w(e,n) [Ga(e,n) —7(c dndc—i—/ / w(e,n) [—éas(c,n)]dnde

/ /gcn [ag)cn T(cq) — / () dy — CT()+/ [)\oozg(cZ)+)\1d3(c,z)]dG(z)]d77dc

0

# [ vt [+ [ ey erte - | aslen)dGln s [ aslen) a6 (o) a
_ [ /<a+/ ¥(c)de— / /gcn dndc}HcH)
+/CL /0 [—)\Ow(c)g(n) x(e,n) 4+ Xog(n) / &leyz dz} G (e,n)dnde
+/: /1 [—)\ow(c)g(n)—i—u(c,n)—&-/\og 7) /5 .z dz} Gia(c,m) dy de
/

[—Alw(C)g(n)—W(c,n)+x(c,77)+hg(n)/ 6(0,2)612} ds(c,m)dnde

o & i’l?
3

o] Lw(y)der(c—l)w(c)—ﬁ(c)—/ﬁ e dn—c/gcndn—/c /mgm dndy]m .

_UEH(CH)HE/‘ { CC} dc+/ / Do [0(7) — o] + A [u() + 1]] da(e, ) dG(n) dF(c)
/ / ) — vs] Gs(c,m) dG(n) AF(c).
Therefore, the objective function is bounded by fc ¢)de. Substituting our candidate solution

into the objective function achieves the upper bound in the first two cases, which follows from:
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1. if é(my, M) < e, we have ¢ = ¢ and the measure of C; is 0. The regulator’s expected payoff
from our candidate policy and its upper bound are both 0;

2. if ¢, < é(my,m) < cy, we have

/ e [ +f Qb+ A) vl + 4 dG(nﬂ F(ein.in)

cL 1

= {etinoin) [o6) + 5 0w+ 1] + Qut 2) [ ot = o] sl a0

i)~ [ox+ [ [0+ A+ A) () + A) ;;m)] b Fetinin)

m

=0.

In case (4)(b)(iii), we set C; = [c,cy] and Cy = (), and replace the thresholds 7, and 7, with 7,
and 7y, respectively, where the two thresholds are determined by ¢(71,7;) = cg and Wy (7, 72) = 0.
In this case, the nonnegativity of x, x, i, w, and & follows from their definitions directly. Given the
monotonicity of the function Z (defined by ), the desired nonnegativity of ¢ follows from
the following argument:

o If h(7) <0 and ¢ > ¢(7y,72), we have

=(12) <_:(772) <—0.
Y Y

L(ﬁlaﬁQ) =

The inequalities above follow from the fact that 77, <7, and Z(7j,) > 0, as established in Lemma
[EC3l
o If h(7) <0 and ¢y > &(1y, 1), we have

=) _ (i)
oo T Ao

L(71,72) = — =1("1,72) = 0.

The inequalities above follow from the fact that 7, < 1s.
o If h(77) >0, we have

=(7 =(nf
=) . _E0) _
D .V
The inequalities above follow from the fact that 7, <n' and Z(n') = Ao h(n) > Ao h(77) > 0.

L(ﬁlaﬁQ) -

The nonnegativity of o follows from the fact that for any c € [cr,, cy], we have

o(c) 2 o(cr) =t2(i) fen) Z t2(2) fer) =0,
where the function ¢, is defined in (EC.26|), and the inequality follows from the monotonicity of
t9, as established in Lemma Because all the multipliers remain nonnegative, the objective
function is bounded by fCCLH o(c)dc, which is attained by our candidate solution, i.e.,

/C:H o(c)de— [UE+/1 (Ao + A1+ A)v(n) +A]ldG(n)

M1
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= AAO [w(ik2) + 1] [er — L+ A [1= GOl + [ea — (Mo + A+ A) [1 = G(7)] — 1] v(i72)
—A[1-G(m)

= A fv(iz) + 1] [1 = G(i)] = A [L = G(ip)] v(il2) = A [L = G(ipn)]

=0,

where the second equality follows from
14+ o+ A1) [1=G(m)]=cu.
When h(77) <0 and & > &(11,11), we have
cy > & > (i, ) >e(n,n').

Therefore, it remains to prove cases (4)(b)(iv) and (4)(b)(v) for either (1) h(77) <0 and ¢ > (71, 72),
or (2) h(n) > 0.

The proof of case (4)(b)(iv) closely follows that of case (4)(a)(iv). The nonnegativity of ¢ follows
as: if h(7) <0 and ¢ > &(11,7), we have h(iy) > h(n') > h(1,) = 0; otherwise, we have h(ij) >

h(77) > 0. The nonnegativity of o follows from the fact that for any ¢ € [cy, cy], we have

a(c) > o(er) =t (i) fcr) > ta(n') f(cn) > 0.

Since all the multipliers are nonnegative, optimality is established.
The proof of case (4)(b)(v) is identical to that of case (4)(a)(iv).
This completes the proof. O
Proof of Corollary[3.  When A =0, we have

Uy (n1,m2) =0 or Uo(ne,m2) =0 = n1=1s.

Therefore, the optimal solution to the upper-bound problem is reduced to

A _ ]-) V(Cﬂ?) € [CLaé) X [ﬁa 1]7 ~ _ 6‘7 V(C, 77) € [CLaé) X [ﬁa 1]7
da(e;n) = { 0, otherwise, Gs(em) = 0, otherwise.

Given any feasible mechanism {7(c),d&;(c),aa(c,n),as(c,n)}, the following mechanism
{7(¢),a1(c),az(c,n)} is feasible for the original problem and yields the same objective function
value, where a; and a, are constructed as follows:

219 if 7(e) > 0 Sa(em) if 2(¢) >0
= 7> ’ ={ e ’
a1(0) { 0,” it#(c)=0, @ { : 0

This completes the proof. O
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Proof of Proposition[]. By construction, we have

/0 #(0) Do+ Ml (0)] de,n) G (n) = / Dodia(e,n) + M (e )] dG(), Ve [er,en).

Hence, under the following mechanism
My = {%(C) =1, a’/l(c) =a- Leee, (1,2(0, 77) = ]l(c,'r])e[cL,é]x[m,l]} )

constraints and hold automatically. The remaining constraints , , and hold
trivially by their definitions. When 7n; > n,, by definition of 7,, we have

1

/ o+ A &+ A)o(n) +A]dG(n) > / o+ M &+ A) v(n) + Al dG(n).

2 m

Furthermore, the testing threshold satisfies
c<at(MotMa)[1-Gm)]<a+Mo+Aid) [1-G(m)]=c,
implying that the regulator is better off under mechanism

My ={7"(¢) = Le<ey, a7(€) =@+ Loceys @5(6,0) = Lieameley calxina.1] } -

It is straightforward to verify the feasibility of Ms. Because U}, is the optimal value of the objective
function, the feasibility property implies that

Uy <UL
This completes the proof. ]

EC.4.5. Proofs for Section |5 either conditional approval or leniency unavailable

In this section, we provide the optimal mechanisms in closed form when either condition approval
(a1(c) =0 for any c € [cr,cy]) or leniency (as(c,n) = L,y 1) for any (c,n) € [cr,cu] x [0,1]) is
unavailable, for completeness.

With a slight abuse of notation, in this section, we introduce a new decision variable

042(677]) = T(C) a2(can)v V(C7 77) € [CL>CH] X [O> 1]'

Both parties’ payoff functions boil down to

A~

fi(e, ) = —er(c) + Ag /0 an(c ) dG () (EC.27)

and

Un(r, a) = / - /0 (o + A)v(n) + A as(e,n) dG(n) dF (). (EC.28)
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We redefine the regulator’s utility function as
o(n)=o+A)v(n)+4A, Vnel0,1],

and denote 9(0) and E[o(n)] by 9, and 0, respectively. With a slight abuse of notation, in this

section, we define
n=inf{n€[0,1]:9(n) >0}.

The regulator’s problem can be formulated as follows:

max  Ug(T,a2), (EC.29)

{T»O‘Q}GQ&

where the feasible set (2] is determined by , , , and
0<as(c,m) <7(c), V(e,n)€lecr,cu] x[0,1]. (EC.30)

The optimal solution to this restricted problem remains a “take-it-or-leave-it” offer, as stated in

the following proposition.

ProprosiTION EC.2. Consider the optimization problem (EC.29) under Assumption . There
exists a cost threshold & € [cp,cy] and a final approval threshold 7' € [0,1] such that it is optimal
to request testing and grant final approval as follows:

r(c) = { S ree b asen = { L, ¥(e,n) € les, &) x [7,1],

0, Vee ¢, cnl 0, otherwise.
The values of & and 7' depend on model parameters in the following cases.
(1) If op, I;((f((g)))) + X0 >0, we have ¢ =cy and 7' =min{c *(cy), 7}
(2) If vp, I;((f((g)))) + Ao Ur <0, there exists a unique 7 € [0,7] such that

F(e() 3 B
B00) ey + o / 3(y) g(y) dy =0.

(a) If ¢, > ¢(7), we have & =cp and 7' = 1.

(b) If c;, < c(n) < cy, we have ¢ =c(7) and 7' =1).

(c) If ¢(7) < ey < (7)), we have & =cy and ) =c*(cy).
(d) If cy <c(77), we have ¢ =cy and 1/ =1.

Proof of Proposition[EC.2. 1t is straightforward to verify that our candidate solutions in all
the cases are feasible.

When cy < ¢(77), our candidate solution attains the upper bound of the objective function
fﬁl 0(n)dG(n), with all constraints holding automatically. In the remainder of the proof, we focus

on scenarios where cy > ¢(7).
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Invoking envelope theorem, the incentive compatibility constraint can be replaced by (EC.4]) and

CT(C)—)\O/O ag(c,n)dG(n)+H(cH)+/CH 7(y)dy=0, Vecé€lcr,cnl. (EC.31)

When ¢y > ¢(77), to prove the optimality in cases 1 and 2(3), define

k=—0(c " (cn)),
v(e,n)=Xo [0(c  (en)) —0(n)] flc)g(n), V(e,n) € lew,en] x [0, (en)],
p(e,n) = Xo [0(n) —o(c (en))] f(e)g(n), Y(e,n) € ler, cul x [¢ (en), 1],
d(c) = —0(c " (cu)) f(c), Ve € [er, cul,

= |o(c e c—c F(C) 1 v c c€ler,c
o= [t em) [(e=en + F5 |+ [ soas] o), veelencnl

The monotonicity of ¢ implies that
cm>c(f) & cHem) <7,

guaranteeing the nonnegativity of k. The nonnegativity of v and p follows from their definitions

directly. Because o(c)/f(c) is decreasing, it suffices to verify the nonnegativity of o(cz). When

~  F(c(0))
YL Fe(0))

+ Ao Ug > 0, we have

1

olen) = e en) g+ 0 [ 5)an)ay] e 20,

cHem)

>0

When v, ?((gg(((()))))) + X 0p <0 and cy < ¢(77), we have ¢! (cy) > 7, and hence,

F(cy)

aten) = [ole o) S + g /;(CH)my)g(y)dy} flen)

flen)
CFe) . [
> [v<n> TRt / v(y)g(y)dy] fen)

=0,

where the inequality follows from the monotonicity of function

Yn) = () )+ [ o) g,
o Flem) ]
) =70 o) Nasm o) 5 |+ || 20

>0 by Assumptionm e=c(n)
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Because

(cy)] / o(c) [CT 0/ as(c,n)dG(n )+H(CH)+/CH T(y )dy}d

+/C dc_/CH/ Yew) v(e,m) as(e,n) dndc+/CH/ - p(e,n) las(c,n) —7(c)]dnde
- { ’”/ e dc] (ex) /H/ 006 o) — e )] e my e

/CZH/ Len) [=Ao@(c) g(n) + p(e,m)] az(e,n) dnde

+/ [ ) +eole) /(b )dy — / (C>77)d77} 7(c)de
0 [ [ et nacomare

the objective function is bounded by f c)de. Substituting the decision variables with our

candidate solution attains this upper bound, which follows from

/ :Ha<c> de=2a [ 11(%)@(77) aG(n)

/LH [a(cl(cH)) [(c—cH)Jrl;((;)] + Ao /Cll(CH)f)(y)g(y)dy} fe)de— X /Cll(CH)g(n)dG(n)

= (e ew)) [ e Fl0)+ Fe)e
= 0.

To prove the optimality in the remaining two subcases ((2)(a) and (2)(b)), define

k= _fD(ﬁ)a

v(e,n) = Ao [0(77) — ()] f(c) g(n), V(e,n) € [er,cn] x [0, 1],
ple,n) = Ao [0(n) —0(7)] f(c)g(n), V(e,n) € [er,cn] x [1,1],
¢(C) = _{)(ﬁ) f(C), Ve € [cLacH]’

o= [o60) [le= el + L9 n0 [smstan] o, weeen

f(c)} o /nl (y)g(y)dy] fle),  Vcel,.

When ¢, > ¢(77), we know that 8 is nonnegative on [cr,cy|. In this case, we have C; =) and C, =
[cr,cr]. When ¢, <¢(7) < ¢y, we know that o and 8 are nonnegative on [cr,c(7)] and [¢(7), ca],
respectively. In this case, we have C; = [cr,c(77)] and Cy = [¢(7]), ¢y ). This guarantees the nonnega-

tivity of all the multipliers (except ¢, which corresponds to an equality constraint).
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Because

M(ex)] / 6(c) [CT /ag(c n) dG(y )+H(cH)+/CH ()dy} dc+/ o(c) 7(c) de

dc—/CH/ v(c,m) agcndndc—i—/CH/ w(e,n) [az(c,n) —7(c)]dnde
_ [_H / ¢<C>dc] M(en) + /H / (=0 6(c) g(n) — (e, )] as(e,n) dnde

" /H / [= X0 (c) g(n) + (e, n)] az(c,n)dnde

+/cl [ )+ co(e) / o(y)dy — / w(e,n) dn] 7(c)de
+/ [ ¢) +edle / ¢(y)dy — / u(c, )dn} 7(c)de
= [ [[eenicumare,

the objective function is bounded by [, o e c)de.
1. In case (2)(a), the regulator’s payoff generated by our candidate solution and its upper bound
are both 0.
2. In case (2)(b), we have
() 1
[ olede=rF(ela) [ s aste.n a6

cr, 7

— /:n) [@(ﬁ) [[C—C(ﬁ)]+F(C):| + o /ﬁl@(y)g(y)dy] Fle)de
— Ao F(C(ﬁ))/ﬁlﬁ(n) as(e,n) dG(n)

establishing the optimality.
This completes the proof. O
When leniency is unavailable, in which case we assume that the regulator will adopt the myopic

threshold 7 (defined in ), both parties’ payoff functions are reduced to
I(c,c') = ai(c)) — e7(¢) + Mo T(¢) + A ar ()] G(7)
and

1

Un= [ [rpa@+Dor@+ han(] [ o) aG)+r(e A/ n)+1]dG(n) | dF(e),

Ccy, ,7]/
N——

=21 =z9
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where G denotes the complementary cumulative distribution function of G. By envelope theorem,

we have

1 n .
g e+ [ s e nem )

After eliminating a1, the optimization problem can be reformulated as follows:

a;(c)

vg 4+ A1 21

{Tglle}ue(% W) (cy) + / w(c) 7(c)dF(c), (EC.32)

CcL

where the virtual valuation function w is given by

’UE+)\1 Al F(C) =/ —t
) = T G) [C Ty NG|+ ozt =
and the feasible set (2, is determined by (2)), (EC.4), (EC.6) and
cH
0= g [Men+ [ T a+ e MG 7o) v Ve € euenl x 0.1]

(EC.33)
Assumption |1 guarantees that the virtual valuation w(c) is non-increasing in ¢ when vg + A; z; is
negative, and non-decreasing otherwise. Moreover, w changes its sign at most once as ¢ increases
in [cr,cy]. Therefore, when v + A\ 2 < 0, w is nonnegative if ¢ < ¢y, and non-positive if ¢y < c,

where the threshold ¢, is defined by
co=sup{cé€ [cp,cu]:w(c) >0}. (EC.34)

To characterize the optimal mechanism for the regulator’s problem without leniency (EC.32)),

we make the following assumption.
AssumpTION EC.1. The density function f(c) is differentiable and non-increasing.

Assumption implies that the virtual valuation function ¢+ F(c)/f(c) is increasing.

The optimal mechanism is summarized in the following proposition.

PropOSITION EC.3. Under Assumption[EC.1], the optimal solution af and 7 for the optimiza-
tion problem (EC.32)) is as follows:

(1) if ve+ A1 21 >0, then aj(c) =1 and 7*(c) =1 for any c € [cp,cul;
(2) if v+ A 21 <0 and cg < X G(77), then ai(c) =0 and 7*(c) =1 for any c € [cp, cul;
(3) if vg+ M 21 <0, cg >N G(7), and co > X\ G(77'), then
co— M G(77)
aj(c)=q 1+ G(1)

,VCG[CL,CoL T*(C):{l’ VCE[CL,C()],
0, Ve € (co, cnl,

0, Ve € (¢o, cnl;

(4) if ve+ X121 <0, g > X G(77), and ¢ < G(77'), then

« - % . ]., VCG [CL,%O G(ﬁl)],
(=0, e lewenl (01={ 5 Ve E Gty o
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where ¢cq is defined by (EC.34)).

Proof of Proposition[EC.3. In case (1), the coefficient of «; in the integrand of the objective
function is nonnegative, i.e., vg + Ay z; > 0. Therefore, it is optimal to set aj(c) =1 for any ¢ €
[cr,ch]. In this case, the regulator can induce firms of all types to participate, and hence, this
policy is optimal.

In case (2), the coefficient of «; in the integrand of the objective function is negative, i.e.,
vE + A1 21 < 0. Therefore, ignoring all constraints, it is optimal to set o;(c) =0 for any ¢ € [¢p, cy].
In this case, the regulator can still induce firms of all types to participate (cy < Ao G(7')), and
hence, this policy is optimal.

In case (3), we first ignore constraints (EC.4) and (EC.33), and solving the relaxed problem

point-wise yields

[ 1,Ve€]er, e,
7(c) = { 0, Ve € (co, cxl,

satisfying (EC.4)) automatically. Plugging the expression of 7 into (EC.5|) yields

Co — )\0 G(’ﬁ/)
—_—— Y

() =4 T+ 0G)  C 1. col;
0, VCG (CO)CH]-

When ¢y > A\ G(77'), the feasibility constraint (EC.33) holds automatically, and thus the solution
above is feasible.
In case (4), it is straightforward to verify that our candidate solution is feasible. When ¢, < ¢q <

Ao G(77'), define

1 1 UE+/\1 Z1
¢:—02_Cl /CL w(y)f(y)dy—m,
1 c
W)= g || 0 S+ e due f0]. veelee)
o(c) = - i - / w(y) f(y)dy +w(c) f(e), Ve € [e1, 6], and
per=—— [ w1 dy - w0 50) Vee fencul.

where ¢, = Ao G(77') and ¢; is determined by

[ w) f) dy-+ (e - ) wlea) S(e) =

L

We first verify the monotonicity of w(c) f(c) on [cr, ¢s]. By definition, we have

1 ~( =/ ~( =/
:m Moz1+22) (1+MG(@)+ (ve+A121) (=2 G(T)) | fle)+ (ve+ A1 2z1) F(e)

nonnegative and decreasing in ¢ <0

w(c) f(e)
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Under Assumption we know that w(c) f(c) is decreasing in c.

Then we prove the unique existence of ¢; on [cy,cs]. Let

W= [ 0 1@yt - dule) fe), Vel

Because

¥ (c) =w(c) fe) —w(ez) f(e2) 20,
Y(er) = (c2 —cr)w(ez) f(e2) <0, and
c2
vles) = [ ) Fw)dy>0,
cr
the unique existence of ¢; is guaranteed. The first inequality follows from the monotonicity of
w(c) f(c), and the last inequality follows from the fact that under the mechanism granting no
conditional approval, the regulator’s expected payoff is strictly positive.

Next, we will prove that ¢, v, o, and u are all nonnegative. By definition of ¢;, we have

<0

A
¢:(>\021+22)f(02)—m [1— F(cy)] >0.

The nonnegativity of v boils down to
he)= [ wlo) £0)dy+ (e = ) wle) /0 20, vee ew,cal
crL
Taking derivative yields
, d
W(e) = (ez—¢) - (w(e) f(e) 0, Veeler,al,

where the inequality follows from the monotonicity of w(c) f(c). Therefore, the desired property is

reduced to .
her) = / w(y) F) dy + (s — e) w(er) f(er) 20,

which follows from

/ () F) dy + (2 — ey wler) fler) > / ") F) dy + (2 — er)w(ez) flez) =0.

For any c € [c,¢;] and ¢ € [ca, ¢y, we have

and
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respectively. The first and second inequalities follow from the monotonicity of w(c) f(c) on ¢ €

[cr,co) and

u(c) > p(ez) < wlc) fe) Sw(ez) f(c2)
& [Nz +2) 1+MG(T) + (v + M 21) (=M G(77))] fle)+ (ve+ M 21) F(c)
<oz +22) A+ M G@)) + (VB + M 21) (2 = M G(7T))] f(e2) + (ve + A1 21) F(c2)

for any ¢ € [ca, cg|, where the last step follows from
v +A21 <0, f(e) < flea), and c— A é(ﬁ/) >0=c2— Ao G(ﬁ/)-

The desired nonnegativity conditions are automatically implied by o(¢;) = u(ce) =0.

Because /L o(y) = 6216 /L w(y) fy)dy, Ve ler,eil,
we have
— / 1U+E ; AGI(ZI)
(c2—c)v(c) — . ( )dy =w(c) f(c), Ve € lep,al,
o) - / v(y)dy = w(e) f(c), Vee [, ea), and
)= [ v dy=uie) 10 Vee fea, ).
Therefore,
o 1=en))= [ e+ [ )y (e =206 )| vierae
4 / (e)o(c) de— / H (e) u(c) de
_ [_¢_/C:1 y(c)dc] H(cH)+/: [ 6r— ) / V(y)d ] ¢)de
+/ [o(c)—/cjv(y)dy] ()dc+/C:H[ u(e)— / v(y)d } r(¢)de
:% n(cH)+/C:H w(e)(e) dF(c).
Therefore, the objective function is bounded by [o(c)de. Substituting our candidate primal

solution into the objective function yields fCL w(y) fy )dy7 which is the same value as the upper

bound, i.e.,

/:a(y) dyz/:2 [ ! /Clw(z)f(z)dz—l—w(y)f(y) dy

C2—C Jp
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:/C1 w(y) f(y) dy—i—/c2 w(y) f(y)dy

Ccyr, c1

= [Cew s

crL
This establishes the optimality of our candidate solution.
When ¢y = —o0, the virtual valuation function w is always non-positive on [cr, cy]. Moreover,
the coefficient of II(cy) is also negative; hence, it is evident that the optimal mechanism is to not
request testing and to grant no conditional approval.

This completes the proof. O
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