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ABSTRACT

Regulators of new products confront a tradeoff between speeding a new product to market and
collecting additional product quality information. The FDA’s Breakthrough Therapy Designation
(BTD) provides an opportunity to understand if a regulator can use new policy to innovate around
this tradeoff—i.e., whether it improved regulator productivity by allowing products to come to
market more quickly without compromising quality. We find that the BTD program shortened
clinical development times by 23 percent and did not impact the ex post safety profile of drugs
with the designation. In exploring mechanisms, we find that the BTD program had the greatest
impact on less experienced firms and was associated with reduced BTD clinical trial design
complexity. The results suggest that targeted regulatory innovation can shorten R&D periods
without compromising the quality of new products.
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1. INTRODUCTION

In markets with entry regulation, regulatory authorities play an important role in shaping new
product development. Prior to reaching market authorization decisions, a regulator must strike a bal-
ance between which products to prioritize and gathering additional information about their quality,
which can delay approval. Such information deficiencies have important consequences: in the extreme,
a dearth of information about a product’s quality can lead to consumer harm and damages to both a
firm’s reputation and shareholder value (Jarrell and Peltzman 1985; Rhee and Haunschild 2006; Shah
et al. 2017).

Nowhere is this tradeoff starker than in health care, where regulators such as the U.S. Food and
Drug Administration (FDA) and European Medicines Agency (EMA) approve new therapies, such as
drugs and vaccines against COVID-19 (Philipson and Sun 2008; Califf 2017; Miller and Woodcock
2017; U.S. Food and Drug Administration 2019; Lackey, Thompson, and Eggers 2021).! For new
medicines, the costs of new product development are considerable, and have been estimated to be as
high as $2.6 billion (DiMast et al. 2003; DiMast et al. 2016). A large literature documents the decline
in R&D productivity, driven by increasing drug development and review times (see, e.g., Pammolli,

Magazzini, and Riccaboni 2011; Schuhmacher, Gassmann, and Hinder 2016). While patients are typi-

! Discussions of regulatory priorities and the tradeoff between speed and additional information have been central in
the context of COVID-19 vaccine development: the much-visited New York Times Coronavirus Vaccine Tracker (Zimmer,
Corum, and Wee 2021) website leads with the text: “Vaccines typically require years of research and testing before reaching
the clinic, but in 2020, scientists embarked on a race to produce safe and effective coronavirus vaccines in record time.”
Additionally, headlines such as “ ‘Are they safe ... and how have they been developed so quickly?”: an expert answers nine
frequently asked questions about Covid-19 vaccines” (Thomas 2020) hint at the tension between speed and information

gathering in the development of new medical products.



cally eager to have faster access to valuable medicines, such high R&D costs serve to further under-
score drug developers’ interest in faster approvals. Against this backdrop, regulatory priorities become
particularly salient as patients, regulators and policy-makers grapple with considering whether new
products can be brought to market faster in ways that do #of compromise information about product
quality.

We examine this tradeoff in the context of a recent policy change that impacted incentives for
new drug development in the United States, the FDA’s Breakthrough Therapy Designation (BTD). The
BTD program was created in 2012 to make the clinical development and regulatory approval processes
faster by providing a number of benefits — chiefly “intensive guidance on an efficient drug develop-
ment program” from “senior managers” at the FDA. The FDA did not receive any additional funds
to support this program (Woodcock 2014). As a result, the program could have had a variety of effects
on R&D times and drug quality. To the extent that development times were shortened, the key ques-
tion is whether less safe medicines were approved, or whether the increased interaction between senior
regulators and drug developers facilitated by the BTD program allowed the FDA to increase its
productivity by more quickly approving medicines without a safety-tradeoff (Sherman et al. 2013; U.S.
Food and Drug Administration 2014; Daniel et al. 2015).

The existing literature provides mixed evidence as to how regulatory incentives shape new product
development and regulatory approval. For example, observational studies have suggested that medi-
cines that experience shorter regulatory review may be linked with higher adverse events levels (Olson
2008; Darrow et al. 2014) but other researchers have failed to find evidence for this relationship

(Philipson et al. 2008; Schick et al. 2017).



Similarly, the existing literature on the effects of the BTD is mixed and largely relies on anecdotal
or cross-sectional evidence. Anecdotal reports on the BTD program suggest that the program short-
ened drug development and review times.” Shaywitz (2017) documents the success of Merck’s drug
pembrolizumab (Keytruda), describing how the BTD designation “fundamentally changes the rela-
tionship between the FDA and the company developing the drug.” Moreover, survey evidence sug-
gests that the BTD is poorly understood by clinician prescribers. Kesselheim et al. (2016) find that
physicians frequently overestimate a “breakthrough” drug’s clinical effectiveness, raising concerns that
they might prescribe that drug inappropriately once it is approved for marketing. In the medical liter-
ature, Hwang et al. (2018) examines the subset of cancer drugs and documents that BTD and non-
BTD drugs experience similar levels of adverse events among clinical trial patients. However, in this
study concerns about the limited sample size, unobservable factors, and adverse event measures may
limit the causal interpretation and external validity of the estimates.” In particular, drugs that are eligi-
ble for the BTD are likely to be quite different than those that did not receive the designation. Indeed,
one reason for the sparse empirical literature on the BTD program is likely due to the challenge of
identifying an appropriate control group for BTD drugs.

Using a combination of algorithmic matching and a difference-in-difference design, we overcome
these challenges to provide the first comprehensive, econometrically-driven analysis of the impact of
the BTD program on (1) time-to-market for new drugs and (2) product quality. In particular, we con-

struct a treatment (respectively, control) group includes all BTD (non-BTD) medicines and medicines

2 See, for example, https://www.statnews.com/2018/04/27 /breakthrough-therapy-designation-helps-cancer-pa-

tients/ and https://www.nytimes.com/2015/05/02/upshot/speedv-drug-approvals-have-become-the-rule-not-the-ex-

ception.html



in the pre-BTD era that shared the key features of BTD (non-BTD) drugs, as determined by a multi-
variate statistical matching procedure.

With this design, we find that products receiving the BTD spent, on average, 23 percent less time
in clinical development. A shortening of the development process of this magnitude is economically
meaningful: in our comprehensive dataset, BTD drugs spent an average of 2.74 years (32.9 months)
in the last phase of pre-approval clinical trials. Martin et al. (2017) find that “each additional month
for phase III trials translates into a median $671,000 spent,” suggesting that the BTD program may
be worth over §5 million for a developer at this stage of research alone. This estimate is conservative,
as it does not take into account the shortening of the development process in earlier clinical trial
phases, health benefits to patients of faster access to medicines, the additional profits associated with
a longer period of on-patent drug sales for the drug maker.

The benefits of faster product development are most compelling and unambiguous when product
quality is not compromised. We explore quality directly by examining whether faster clinical develop-
ment among BTD products is associated with higher rates of drug adverse events reported by patients,
physicians, and drug developers. Unlike the previous literature, which primarily focuses on the impact
of a review program on subsequent adverse event /ve/s—e.g., reported events per month—we account
for the fact that innovative products may have different diffusion rates—i.e., the per-patient risks asso-
ciated with a product. Focusing on rates of adverse events (i.e., per user) is crucial if BTD drugs are
presctibed more frequently by physicians and/or in higher demand by patients. We find that on a
per-patient basis, BTD products are no more likely than an algorithmically matched set of drugs to be

associated with adverse events.



Taken together, these findings suggest that the BTD program has provided a mechanism for ac-
celerating new medicines to market, without evidence of a compromise to those products’ safety pro-
files. These issues are salient in the context of COVID-19 vaccines where the speed-safety tradeoff
has been central; we return to this setting in the last section of this paper.

The remainder of the paper proceeds as follows. Section 2 describes the setting. Section 3 intro-
duces the conceptual framework. Section 4 describes the data and Section 5 presents the main results.

Section 6 probes the robustness of our findings and examines mechanisms, and Section 7 concludes.

2. BACKGROUND

2.1 DRUG REGULATION IN THE UNITED STATES

In most countries, drug developers must first seek formal regulatory approval before they can
legally market pharmaceutical products (Scott Morton and Kyle 2011). In the United States, a drug
developer typically files an Investigational New Drug (IND) application with the FDA in order to
begin testing in humans (Jin 2014). With an approved IND, developers typically proceed chronologi-
cally through three stages of clinical research, each with varying objectives and cost: Phase I trials are
principally meant to test drug candidate safety and dosage; Phase II trials are larger and are meant to
test drug candidate efficacy and side effects; Phase I1] trials usually test the efficacy and safety of drug
candidates among a larger group of patients. Drug developers often perform multiple trials in each
clinical development stage. For example, Zhang et al. (2020) note that the share of drug approvals
typically supported by at least two so-called “pivotal” efficacy trials (usually Phase III trials) ranged
from approximately 50 to 60 percent. Upon successful completion of clinical trials, developers file a

New Drug Application (NDA) or Biologics License Application (BLA) for FDA marketing approval.

* There are exceptions to these statements. In particular in recent years, there has been increased interest in conducting

trials that cover multiple phases concutrrently (e.g., phase I/1I and phase II/11I trials).



The clinical development process takes years to complete: each Phase II trial lasts several months to
two years, each Phase 111 trial typically lasts 1-4 years, and the FDA’s standard review period for new

drugs is 10 months.

2.2 THE BTD PROGRAM

In response to rising concerns about the length of the drug development process for important
new drugs, Congress passed the Advancing Breakthrough Therapies for Patients Act of 2012 (U.S. Food and
Drug Administration 2014), which created the Breakthrough Therapy Designation (BTD) with the
intention of shortening this timeline for important new drugs that treat serious conditions and fill
unmet medical needs (Bennett 2012; U.S. Food and Drug Administration 2014).

According to the FDA, “unmet need” exists for a serious or life-threatening disease unless there
is a cure for every person with the disease (U.S. Food and Drug Administration 2014). For example,
in diseases where various genetic mutations are present (such as in a viral infection like HIV or an
inborn error disease like Cystic Fibrosis), a curative treatment may be developed for only certain mu-
tations of the disease. Products that treat those subsets of patients already addressed by therapeutics
may no longer be eligible for a BTD, but the remaining subgroups would still have unmet need and
as such, treatments for these subgroups would remain eligible for a BTD.

The BTD program requires substantial preliminary evidence of efficacy over existing therapies,
and in return, offers significant engagement on drug development planning by senior regulators (U.S.
Food and Drug Administration 2014). Firms are expected to submit a BTD request along with or
soon after completing their Phase I or II trials, such that that the effect of the BTD on clinical devel-
opment times would surface in the later stage(s) of clinical trials (Conrad et al. 2017).

Firms that successfully obtain a BTD receive information from regulators and access to alternative
review procedures, which are aimed at reducing the time between the start of clinical development

and final approval for a (breakthrough) drug. These benefits include intensive regulatory guidance on



efficient drug development on all aspects of the development program (e.g., which primary and sec-
ondary endpoints to measure in trials, defining the target population, necessary inclusion/exclusion
criteria, appropriate selection of the control group (e.g., historical, placebo), and which patients to
study), organizational commitment by FDA senior managers, and the ability to request a rolling regu-
latory review, during which the FDA may consider reviewing portions of a marketing application
before the sponsor submits a complete application (U.S. Food and Drug Administration 2014; Daniel
et al. 2015).

The BTD program therefore allows regulators to inform clinical trial design and other aspects of
drug development and to expedite information evaluation. While industry scientists are experts at drug
development, FDA scientists are experts in the “regulatory science” aspects. This includes an under-
standing of historical precedent, by knowing what selections were successful in other studies, where
issues may arise (e.g., manufacturing), and the full gamut of regulatory requirements. As such, intensive
regulatory guidance could meaningfully improve the efficiency of arriving at late-stage clinical trial
designs as well as selecting those designs that are most efficient for the products in development.

Importantly, the level of evidence required by the FDA for approval does not differ between BTD
and non-BTD drugs. This is also true for the trial designs used in confirmatory studies, which are
based on characteristics of the drug and disease, not a drug’s BTD status. Thus, the regulatory “goal
posts” haven’t been moved, but rather the speed with which a manufacturer can arrive at the designs

for and subsequently execute late-stage trials may be significantly improved.’

> For certain diseases, more regulatory communication may result in the conclusion that the use of historical controls
or “open label” (non-blinded) assignment of an experimental drug to patients would be sufficient for regulatory decision
making. We note further that the level of evidence that is necessary and appropriate for a regulator to make a decision

about the safety and efficacy of a new drug for a disease with unmet need may well differ from the level of evidence that



2.3 OTHER FDA EXPEDITED PROGRAMS

Against this backdrop, it is interesting to compare the BTD with other expedited programs and
considering how they interact (for additional details, see Appendix A). As noted above, the creation
of the BTD program followed several FDA “expedited programs” aimed at providing special benefits
for certain novel drug candidates before, during, and after regulatory approval. Key programs make
provisions for “Priority Review,” “Accelerated Approval,” and “Fast-Track Designation.”

The Priority Revie designation was created in 1992 and is given to drug candidates that are expected
to provide a significant improvement in safety and efficacy relative to existing therapies.® Products
receiving Priority Review benefit from a shortened period of regulatory review, receiving a decision
regarding market approval in six months rather than the standard ten months allocated for FDA re-
view otherwise (U.S. Food and Drug Administration 2014).

Also dating back to 1992, the Acelerated Approval Pathway allows drug candidates that provide a
meaningful advantage over available therapies to be approved based on demonstration of an effect on
an intermediate clinical endpoint—i.e., “surrogate endpoints”, such as a laboratory measurement, a
radiographic image, or a physical sign—that predicts clinical benefit, but is not by itself a measure of
benefit (U.S. Food and Drug Administration 2014). For example, in HIV drug development, viral load
can be used as a surrogate endpoint for product approval (i.e., drugs can be approved based on their
impact on HIV viral load rather than waiting to observe patient death or severe disease progression

as a study endpoint). The use of surrogate endpoints can meaningfully reduce the size and/or duration

is considered most rigorous by systematic reviewers. To say it another way: there are settings in which the FDA may not
require evidence from RCTs, even if such evidence is considered to be of higher quality than other types. We revisit this

discussion in the context of our results in the final section below.




of clinical trials and lower the costs associated with clinical development (Naci et al., 2017; Liu and
Kesselheim, 2019).

Created in 1997, the Fast Track Designation provides benefits for drugs that are intended to treat
serious or life-threatening conditions and demonstrate the potential to address unmet medical needs.
Because the program allows products to receive expedited development and review, most sponsors
request the designation during the IND phase of drug development (U.S. Food and Drug Administra-

tion 2014, 2020).

3. REGULATORY PRIORITIES AND TRADE-OFFS

We describe the decisions and trade-offs faced by regulators in markets with entry regulation.
First, regulators must determine the #pes of activities to prioritize (e.g., activities related new drug
development and product review vs. activities related to manufacturing and guidance development)
and when such prioritization might take place. Second, regulators face a key trade-off that require
striking a balance between moving a new product to market quickly and gathering additional infor-
mation about its quality. This trade-off is captured explicitly in the FDA’s dual mandate to protect
both public health and ensure access to new therapies. Quoting directly from the FDA’s mission
statement,” we are reminded that:

“The Food and Drug Administration is responsible for protecting the public health by ensur-
ing the safety, efficacy, and security of human and veterinary drugs, biological products, and med-
ical devices...[and] FDA is responsible for advancing the public health by helping to speed inno-
vations that make medical products more effective, safer, and more affordable and by helping the
public get the accurate, science-based information they need to use medical products and foods

to maintain and improve their health.”

7 https:/ /www.fda.gov/about-fda/what-we-do
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With respect to the prioritization decision, regulators must determine how best to allocate a fixed
set of resources across different regulatory activities. Prioritization decisions are potentially affected
by a variety of stakeholders, such as Congress, public interest groups, regulated firms, and consumers
(Carpenter 2002). Regulators may opt to reallocate resources towards speeding the development of
products that are more effective than available products or address an unmet need (Dranove and
Meltzer 1994) and such prioritization could happen at different points in time. For example, the Fast
Track Designation and Priority Review Designation described above provide benefits at different
times during the drug development process.

Many regulatory programs are designed to reallocate regulatory resources towards products that
treat serious unmet needs. As noted earlier, the BTD program was not accompanied by additional
user fees, nor were an new funds appropriated (Woodcock 2014), however responsibility for commu-
nication with manufacturers of products with a BTD was made explicit in a way that was not true for
non-BTD products. A key feature of the BTD program was that “high-level regulator” time commit-
ted to BTD drugs were not being drawn away from non-BTD drugs, but rather from activities that
were outside of the set of approved medicines (which may include generic drugs and biosimilars, post-
marketing requirements, over the counter drugs, and manufacturing issues to name a few).

Looking next to the trade-off between speed and information gathering, regulators must consider
the benefits and costs of prioritizing timely approval against (requisite) information gathering to ensure
product quality. Too little information before approving a product for marketing may lead to unfore-
seen negative outcomes, whereas overly burdensome information requirements may delay users’ ac-
cess to new products and deter innovation (Peltzman 1973). Examples of the pitfalls of speeding a
product to market without sufficient information gathering can be seen in nearly every industry:
launching a new software application without sufficient testing will get the tool to consumers faster,

but it may have “bugs.” Similarly, launching a new medical device without sufficient assessment of the

11



biocompatibility of the materials used may lead to urgent medical device recalls (e.g., as seen in 2014
with the Hulka Clip, a surgical occlusion device).

In such settings, regulators implicitly determine the point along a trade-off curve between speed
and information that maximizes public welfare. Such a curve is presented in Figure 1, where point A
is a policy choice of the regulator. Revealed in the choice of point A are the regulator’s preferences:
the regulator believes this is the combination of information (regulatory requirements in the form of
clinical evidence) and the speed of commercialization that maximizes public welfare. Notably, the
absence of therapies for a severe illness may mean that point A’ (which corresponds to faster time-to-
market coupled with less information at the time) may still lead to greater welfare (Isakov et al. 2018).

In most instances, regulators face resource constraints and must therefore move along a fixed
speed-information trade-off curve. Given additional resources or more efficient allocation of existing
resources, the possible combinations of information and speed of commercialization expand: it may
be possible to move to a higher “regulatory isoquant”— in other words, if innovative regulatory policy
can shift out the regulatory frontier presented in Figure 1, one could imagine bringing products to
market more quickly in ways that do not compromise information about product quality. This possi-

bility would be tantamount to a shift outward of the trade-off curve to point B.
4. DATA

We collect data on all New Molecular Entities (NMEs) approved by the FDA from 2006 through
2018. For each NME, we obtain the date of U.S. approval, its approved indication(s) at the time, flags
for expedited review programs (BTD, Priority Review, Accelerated Approval, Fast Track), Orphan
Drug Designation status, and whether the drug was initially approved with a boxed warning, an indi-
cator of more severe risk. We focus only on primary approvals — i.e., the initial approval decision and

its associated medical condition (indication) — and classify all drug indications into 14 mutually-exclu-
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sive categories using the World Health Organization’s Anatomical Therapeutic Chemical (ATC) clas-
sification system (see Appendix B for details). This results in a final sample of 396 NMEs (Appendix
Table B1).*’

Our measures of time-to-market come from identifying, for each NME, the amount of time spent
in discrete periods of regulatory review and clinical testing. As shown in Figure 2, we calculate regula-
tory review times by measuring the number of days between the date on which the developer (sponsor)
submitted its completed NDA (the submission date) to the date on which the FDA officially approved
the drug (the approval date). The regulatory review period may also include time that a sponsor spends
responding to FDA questions and additional requests for data.'’ To measure time spent in late-stage
clinical testing, we focus on two time periods: (1) the elapsed time between the start of Phase II trials
and NDA submission and (2) the elapsed time between the start of Phase III trials and NDA submis-
sion. Of course, the BTD can only have an impact on clinical development if it has been granted.

In order to assess the changes in the observed safety information of newly approved NMEs, we

collect data on reported adverse events from the FDA’s Adverse Event Reporting System (FAERS),

8 In the remainder of the paper, we use the terms “drug-indication,” “drug approval,” and “NME” interchangeably
(U.S. Food and Drug Administration 2012).

9 Our final sample includes eight combination drugs with BTD status. We keep these drugs in our primary analysis
since it is precisely the combination of molecules that was the basis for “preliminary clinical evidence indicat[ing] that the
drug may demonstrate substantial improvement over available therapy on a clinically significant endpoint(s)” (U.S. Food
and Drug Administration 2018). However, a separate robustness test (not shown) that excludes the combination drugs
documents results that are highly similar to the main results.

10 Notably, the FDA may begin its review process prior submission of the entire NDA. For example, under the Fast
Track program, regulators may begin to review sections of the NDA on a rolling basis. However, anecdotal evidence

suggests that rolling review is infrequently used.
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which we use as a proxy for such information." FAERS is used for post-marketing drug safety sut-
veillance and relies on reports submitted by developers, doctors, lawyers, and consumers. Adverse
events range from headaches and nausea to hospitalizations and death. We generate monthly measures
of pharmacy sales at the drug level using drug claims records from the Optum Labs Data Warehouse
(henceforth OLDW) which allows us to measure the use of drugs overall and across indications. This
database includes comprehensive medical and pharmacy claims, laboratory results, and enrollment
records for both commercially insured and Medicare Advantage (MA) enrollees. The database
contains deidentified longitudinal health information on enrollees and patients, representing a mixture
of ages and geographical regions across the United States; we had data from 1993 through 2019. From
this database we use only the pharmacy claims data—in particular, counts of prescriptions filled for
each of the drugs in our sample.

Combined with contemporaneous FAERS data we generate adverse event rates at monthly incre-
ments within windows of two to six months from the date of approval for each NME. The rationale
for using these windows of observation is twofold: (1) the five windows considered provide products
sufficient time to launch in a market (whereas take-up may be difficult to see in the first month after

launch) and (2) such windows of time are typically before any subsequent indications for a NME are

1 In addition to safety, we can examine real-world differences in efficacy among BTD and non-BTD drugs by focus-
ing on phase IV trials. For ongoing regulatory surveillance, many firms are also required to pursue phase IV trials. These
post-market surveillance studies usually include several thousand diseased volunteers and are meant to monitor drug safety
and efficacy in an ongoing way. In Appendix Table C1, we document that there is no significant difference in the likelihood

of phase IV trial data existing for BTD vs. non-BTD drugs.
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approved, which typically happens half a year or more after an initial approval. As such, we can rea-
sonably confidently attribute adverse events observed to the first approved indication, rather than
other drug uses such as later-approved indications or later “discovered” off-label uses."”

Table 1 presents drug-level summary statistics for the full, unmatched, unbalanced drug sample."
Several important differences emerge between BTD and non-BTD drugs: BTD products are more
likely to engage in other FDA expedited programs and to be anti-cancer drugs. Without controlling
for other factors, BTD products spend significantly less time in regulatory approval and clinical de-
velopment on average (Panel B). Further, BTD products are associated with higher adverse event
rates, with differences increasing as the window of observation expands from two to six months after
approval (Panel C). Density plots in Figures 3 and 4 illustrate similar trends. Taken together, the sum-
mary statistics in Table 1 suggest that BTD products are associated with shorter clinical development
and regulatory review periods, as well as higher adverse event rates, facts that would be consistent
with a trade-off between speed and safety rather than an increase in regulatory productivity. However,
this simple comparison of averages may mask substantial selection and differences in key factors that
are correlated with our outcomes of interest (e.g., disease type, receipt of other regulatory designations)
that may be driving these trends. As such, Table 1 is a key source of motivation for a rigorous matching

approach in order to make more interpretable statements about the impact of the BTD program.

12 Some off-label use may be more like “pre-label use” as it can originate as a result of physicians learning that a drug
is being tested in an additional indication. If a physician is not part of the clinical trial, they may still opt to prescribe the
drug to their patients for a not-yet-approved indication. This further supports the case for looking only at a relatively short
window of time after an initial approval, so as to avoid confounding from any of these possible factors.

13 Restricting to the set of drugs whose applications were approved after the start of the BTD program reveals similar

patterns (see Appendix Table C2).
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5. EMPIRICAL STRATEGY AND RESULTS

The previous section establishes that BTD and non-BTD drugs have different characteristics,
rendering direct comparisons between the two groups problematic. To address these concerns, in this
section, we use a matching procedure to generate comparable “treatment” and “control” groups of
drugs and compare outcomes using a difference-in-differences framework.

5.1 MATCHING

To identify the treatment group, we start with the set of 60 drugs that received the BTD after its
establishment in 2012 (“true” BTD drugs). We then use nearest neighbor matching to identify a set
of “imputed” BTD drugs—i.e., the set of pre-2012 (pre-BTD) drugs that, based on observable char-
acteristics, would have received the BTD, had it existed at the time.

Our algorithm matches exactly on the drug’s small molecule (vs. biologic) status. We also match
coarsely on a drug’s access to other FDA review programs (as described in Section 2)—namely Priority
Review status, Fast Track status, Accelerated Approval status—as well as whether the drug was ap-
proved with a boxed warning, the drug’s ATC code, and whether the drug’s developer was a publicly
listed vs. privately held firm. Matching on the drug’s type, known pre-approval safety risks (indicated
by boxed warnings), and therapeutic category will minimize key differences across drugs that influence
time-to-market and post-approval safety risks. It is notable that many BTD drugs participate in other
expedited review programs. For example, the modal BTD in our sample also has Priority Review. By
matching on these features and then considering differences between groups, our estimates capture

the additional effects of the BTD above and beyond other expedited regulatory programs and drug
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features.'* Matching on the developer firm type allows us to minimize differences in drug outcomes
that might be related to firm R&D expertise, regulatory and/or clinical trial experience, and other
capabilities and resources. More broadly, incorporating all of these drug characteristics allows us to
construct controls for both the BTD-treated and non-treated drugs in the post-2012 period, such that
we can be more confident that results seen in regression analysis are not driven by the inclusion of
drugs with quite different features.

This matching procedure invokes the matching estimator of Abadie and Imbens (2006), but avoids
using contemporaneous matching/synthetic methods to construct a control group, given the non-random
nature of the BTD designation, which implies fundamental differences between contemporaneous
BTD and non-BTD drugs. Under our matching procedure, we identify comparator products by
matching on all observables but doing so in a sample of drugs that came to market just before the
BTD was created.

Of course, this approach by itself, is insufficient, because there could be general improvements in
the quality of medicines or changes in the speed and nature of drug development and regulatory ap-
proval over time (which could be misattributed to the BTD program in the “post period”). To address
these potential sources of bias, we create a control group of non-BTD drugs and identify matched
controls for them in the pre-BTD period. The matching of non-treated drugs in the post-period to

highly similar drugs in the pre-period thus permits a difference-in-differences design for comparing

4 In terms of programs interacting with one another, differences in timing are important and decrease the likelihood
of this being a major issue. These are discussed in more detail in Appendix A, but by way of example, consider Priority
Review: Priority Review can only be granted at the time of NDA submission, such that it could not mechanically interact
with the BTD during drug development to that point. Rather, it is an indicator of the innovativeness of a new drug, making
it a sensible criterion to match on, but given the timing, making it virtually impossible to interact with the BTD designation

during clinical development.
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“breakthrough” (and similar) drugs in the pre- and post-periods to non-breakthrough (and similar)
drugs in the pre- and post- periods, respectively. Econometrically, this means that we can use a much
greater share of the population of approved medicines (namely non-breakthrough drugs) to account
for potential time trends and differences in outcomes such as adverse-event reporting and R&D prac-
tices over time. As long as changes in these outcomes are similar for drugs with matched breakthrough
designation and for matched drugs without this designation in the pre-BTD era, we can identify the
causal effect of the breakthroughs program. We perform a number of robustness tests, in Section 5.3,
to support this assumption and bolster our analysis.

Table 2 describe the final samples of treatment and control groups chosen by the matching algo-
rithm, which identifies 23 unique drug matches for the 60 BTD drugs and 109 matches for the 167
non-BTD drugs. Overall, 36 drugs (nine percent of the drug sample) were matched to both true BTD
and non-BTD drugs. In our main analysis, these drugs were randomly allocated to either the pre-2012
treatment or control groups.” 37 drugs whose applications were submitted before July 9, 2012 were
not matched to either true BTD drugs nor to the set of true non-BTD drugs and were dropped from

the subsequent analysis.'® "/

15 As a robustness check, we also regenerate 5,000 drug samples, each with its own random allocation of the 31 drugs
to the treatment and control groups. The estimated mean and standard errors of the coefficients largely support our main
findings.

16 An examination of drugs that are not matched to either true BTD drugs nor to true non-BTD drugs provides
support for our analysis. For example, we exclude spinosad (Natroba), a therapy that was approved in 2011 and treats
scabies and head lice. None of the post-2012 drugs of any kind (neither true BTDs nor true non-BTDs) were approved
to treat scabies or head lice.

17 We investigate the robustness of our main findings to this exclusion decision by assigning unmatched drugs to the

imputed true non-BTD sample. We find similar results (Appendix Table C3).
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Panel A in Appendix Tables D1 and D2 compare drug characteristics across the true and imputed
non-BTD and BTD drug samples. Notably, apart from one descriptor, there are no longer statistically
significant differences between the imputed and true BTD samples, a good jumping off point for a
more balanced analysis of the program’s incremental impact.

Table 3 presents summary statistics on the 359 drugs in the treatment (N = 83) and control (N =
276) groups. As in the unmatched sample, BTD products are associated with faster time-to-approval
and higher post-approval safety signals. However, in a preview of the results from our regression
analysis, we see that in the algorithmically matched sample, the differences between the two groups in
measures of review times and clinical development times zzerease in Table 3 (relative to Table 1). Ap-
pendix Table D1, Panels B and C provide additional support for our difference-in-differences ap-
proach. For example, across all three time-to-market measures, we see significantly longer times to
market for true (post-2012) relative to imputed (pre-2012) non-BTD products, consistent with the
fact there is a time trend towards longer development and approval times. Our empirical approach
takes these trends into account and measures the extent to which the BTD program diverts measures
of time-to-market for BTD drugs away from these trends. (In Appendix D, we discuss in further detail
our empirical strategy and the channels that may impact clinical development time.)

5.2 ESTIMATION

Our empirical estimation proceeds as follows. For drug 4, we estimate the following:
E[Yy|X4] = exp [@a + BBTD, + ABTD,; X AfterBTDy + y'X 4] 1)
where Y; is a measure of time-to-market (e.g., number of days between NDA submission to ap-
proval) or adverse event outcomes (e.g., adverse event rates within five months of approval), BT D,
is an indicator for whether drug 4 is in the treatment group of actual and matched BTD medicines,

AfterBTD, is an indicator for whether drug s application was submitted after July 9, 2012, and X4
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is a vector of controls, including a drug’s year of approval, small molecule status, Priority Review
status, Fast Track status, Accelerated Approval status, and whether approved with a boxed warning.'®
" In addition, we control for ATC code and developer type to account for differences in technology,
resources, and political economy concerns (see Appendix A for more details).

The coefficient of interest is A, which measures whether the effect of the BTD on drugs that
actually received the BTD, versus the matched sample that would have been expected to receive this
designation, had it existed at the time. f measures the time-invariant difference for medicines that
either actually received the BTD or would have been expected to receive this designation. It captures
the other factors associated with clinically important medicines in the matched set of drugs.

The dependent variables are skewed and consist of non-negative count and rate data. As a result,
we report estimates from negative binomial regression models with robust standard errors.”’ *' Equa-
tion (1) estimates the impact of the BTD program under the assumption that secular changes in drug
development and approval times, drug quality, and quality reporting (as proxied by adverse event rates)

for drugs eligible for BTD designation are the same as such changes for non-BTD drugs.

18 As a robustness check, we can also control for the drug’s “cohort” by controlling for submission year. Appendix
Table C4 shows that this results in results that are similar in sign and magnitude to our main findings.

19 While we control for the novelty of the drug by controlling for a drug’s year of approval and its ATC code, we also
confirm the robustness of our results to the inclusion of additional controls for the novelty of the drug’s mechanism of
action (Appendix Table C5).

20 Importantly for skewed data, negative binomial models do not assume that the conditional mean equals the vari-
ance, suggesting that such specifications are more appropriate than Poisson models. As discussed in Section 5.3.2, we
probe the robustness of our estimates using an alternative specification and find similar results.

21 We calculated the interclass correlation coefficient across ATCs with respect to our dependent variables, which did

not lead to statistically significant differences across groups, indicating that clustering at the ATC level is not required.
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5.3 RESULTS

Table 4 presents estimates of BTD on time-to-market. Columns 1-3 document that the BTD
program is not /#se/f associated with a decline in regulatory approval times. This establishes that our
statistical design clears a basic falsification test: the program is not designed to have any impact on
review times and therefore should not have any association with the observed length of regulatory
review after controlling for factors that directly impact FDA review deadlines. As would be expected,
Priority Review — a program that is explicitly designed to lower the time spent in regulatory review —
is strongly associated with a decrease in time spent in regulatory approval, but is not a statistically
significant predictor of time spent in clinical testing and development, periods of time before the
designation can be granted to a drug.

Consistent with the BTD program’s stated goals, we estimate a negative and statistically significant
effect of the BTD program on late-stage clinical development times. Exponentiating the coefficients
and differencing from one yields numbers that are interpretable as elasticities. Specifically, we find that
relative to non-BTD products, BTD products experience a statistically significant 23 percent decline
in time spent between both the start of Phase III trials and NDA submission (Columns 4-6) and start
of Phase II to NDA submission (Columns 7-9). These findings suggest that the benefits of the BTD
program in accelerating new drug development disproportionately evenly accrue throughout clinical
development.”

Table 5 reports the impact of the BTD program on adverse event rates. Overall, the evidence do

not to point to the fact that BTD drugs have higher AE rates during any of the widows of time

22 Of course, the BTD designation can only impact drug development if the designation is granted. Since BTD des-
ignations are typically granted after the start of Phase 11, we would expect the effect on time-to-market effect would be
largest among drugs whose Phase I1I clinical trials begin after the drugs receive their BTD designation. We confirm this

in Appendix Table C7.
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considered. In contrast, Appendix Table C6 shows statistically significant increases in adverse event
levels following approval, highlighting the importance of scaling observed events by the number of
patients using these drugs.” Taken togethert, our estimates suggest that the BTD program has no sta-
tistically detectable effect on adverse event outcomes. Further, our estimates in Column 6 suggests

that we can rule out increases in adverse event rates greater than 20 percent per month.

6. MECHANISMS AND ROBUSTNESS CHECKS

The evidence thus far indicates that the BTD program led to a decrease in clinical development
times, without a detectable impact on adverse event rates. A natural next question to ask is: what

mechanism(s) might explain these findings?
6.1 ROLE OF FIRM EXPERIENCE

It is not only possible, but likely that the types of intensive guidance on the planned drug devel-
opment program and organizational commitment that come with the BTD are more valuable for less
experienced firms. That is, highly experienced drug manufacturers are more likely to already have
(much of) the regulatory science expertise required to select the most efficient trial designs possible.
To explore this possibility, we split the sample at the median into the firms with low(er) vs. high(er)
levels of firm experience with past drug commercialization and re-run our main specification on the
split sample. The results are presented in Table 6. While the BTD has a negative effect on Phase 111
to submission for firms with both low and high levels of experience, the effect is greater in magnitude
and more statistically significant “low experience” firms, suggesting that it is indeed these firms that
are benefiting most from the BTD program in terms of reductions in later-stage clinical development.

In contrast, the effects on Phase II to submission are similar across both firm types.

23 In separate robustness checks (Appendix Table C8), we find that these results are robust to excluding controls for

developer type.
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6.2 CLINICAL TRIAL CHARACTERISTICS

A key feature of the BTD program is regulatory guidance to “ensure that the design of the clinical
trials is as efficient as practicable” (U.S. Food and Drug Administration 2021), suggesting the likely
role of clinical trial design choices. Table 7 examines the impact of the BTD designation on two such
features: trial size and study design complexity. If the regulatory guidance provided through the BTD
program helps firms’ clinical design choices, we would expect that BTD drugs would be more likely
to have clinical trials that are small in size and/or less complex in their study designs.

We measure trial size by focusing on the number of patients (Column 1), trial facilities (Column
2), and trial arms (Column 3) across all of the drug’s Phase III (Panel A) and Phase 11 (Panel B) trials.
As proxies for study design complexity, we assess whether patients were randomly assigned to a treat-
ment (Column 4) and whether the study was double-blinded (Column 5). Though study design choices
may influence the rigor of scientific evidence associated with the drug’s pivotal trials, there are im-
portant differences between study design complexity and study design rigor which we discuss further
in Section 7.

Across our three measures of trial size, we do not find evidence that the BTD program was asso-
ciated with differently sized trials. In contrast, late-stage study design appears to differ among BTD
products: Columns 4 and 5 indicate that true BTD products were tested in Phase III trials that were
less complex in their design relative to the trials of comparable drugs before the BTD was created.
Specifically, BTD products that received the designation were significantly less likely to be tested in
randomized and double-blind trials (by an incremental 15.9 and 44.6 percentage points respectively).
Taken together, the evidence suggests that the BTD program increases the efficiency of the drug

development process by facilitating the use of less complex study designs.
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6.3 ROBUSTNESS CHECKS

6.3.1 ALTERNATIVE SPECIFICATIONS

In Appendix Table C9, we probe the robustness of our core empirical results to an alternative
functional form, ordinary least squares (OLS). We present results that are very similar to those re-
ported in Table 4. While these results are not directly interpretable as elasticities, we find that at the
sample means, the BTD designation is associated with a period of time spent in Phase III to NDA
submission that is 356 days shorter relative to a mean of 1,458 days (24 percent) and that the time
between Phase II to NDA submission declines by 532 days relative to a mean of 2,225 days (24 per-
cent). Echoing our findings in Table 5, we find no statistically significant evidence that the BTD was
associated with differential subsequent rates of adverse events in nearly all windows of time following

approval.

6.3.2 MORE SIMIL.AR DRUGS (RESTRICTING TO 2010-2018 DRUG APPROVALS)

Our analysis focuses on drugs approved between 2006 and 2018. While our matching procedure
allows us to use observable traits to identify “imputed” BTD drugs whose applications were submitted
prior to the start of the BTD program (July 9, 2012), drugs approved in eatlier years may not be
representative of drugs approved after the BTD program (for example, due to changes in biotechnol-
ogy after the first decade of the 21st century). To increase the likelihood that “imputed” BTD are
more similar to “true” BTD drugs, we limit our analysis to drugs approved between 2010 and 2018 —
L.e., dropping the earliest four years of data. The time-to-market results in Columns 1 to 3 of Appendix
Table C10, echo our main findings in magnitude and direction, though the effects on time from Phase
II to submission are not statistically significant. The adverse event results in Columns 4 to 8 largely

echo the main findings.
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6.3.3. FAST TRACK STATUS AS A PLACEBO TEST

An important assumption of this analysis is that the unique features of the BTD program drive
observed changes in time-to-market and product safety. In particular, unlike other FDA expedited
review programs, the BTD program offers intensive regulatory guidance and organizational commit-
ment from senior managers during the development phase itself. To test the relevance of the timing of the
regulatory program, we perform a placebo test in which we evaluate whether drugs that receive the
Fast Track designation experience similar outcomes in clinical development times and adverse event
rates. This is a sensible placebo test because the Fast Track designation provides nearly all of the same
features of the BTD designation exvept intensive regulatory guidance and organizational commitment
from senior managers during the development phase—these being the primary features that are most
likely to affect the time spent in clinical development. The results in Appendix Table C11 support
our main findings: following the implementation of the BTD, there are no declines in clinical devel-

opment times and no differences in adverse event rates associated with Fast Track drugs.
7. DISCUSSION AND CONCLUSION

The high costs and risks of biopharmaceutical new product development call for setting socially
beneficial regulatory priorities and an understanding of how both firms and regulators can balance the
dual objectives of bringing novel new products to market and gathering additional information about
their quality. In markets with entry regulation, regulatory policies can play an important role in prior-
itizing when and how products are assessed and shifting firms’ positions on the speed-information

trade-off curve — or potentially reaching a new regulatory isoquant.”* As the COVID-19 pandemic has

24 'The results of the empirical analysis are consistent with the FDA moving from a point below the frontier to the

frontier, without a change in resources. However, the interpretation of the results (that the BTD brought products to
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shown, strong science combined with dedicated regulatory resources can “shift the curve” and accel-
erate clinical development (and thus overall commercialization) times for valuable new products, when
they are built on a foundation of strong and rigorous, early-stage R&D and evidence.

This study suggests that the regulatory community’s engagement with new products during the
COVID-19 pandemic has was precedented for nearly a decade elsewhere in the pharmaceutical indus-
try, with the BTD program having led to far faster late-stage development of new drugs. In particular,
we find that the BTD program is associated with a 23 percent decline in time spent in the final and
most costly phase of clinical development. We simultaneously find no evidence that the BTD program
led to a concurrent increase in adverse event rates. In exploring mechanisms, we find that the BTD
program is associated with the greatest impact among less experienced firms, suggesting that it may
help reduce differential outcomes between large, highly experienced firms and relative newcomers to
drug development. The BTD program is associated with late-stage trials that are less complex in their
design.

This final finding bears significant and rigorous consideration. From a social planner’s perspective,
a reduction in the frequency of randomization and blinding in trials comes with both benefits and
challenges. Traditionally both features add to trial complexity, but are also seen as reducing “risk of
bias” in clinical trials (Higgins, Altman, and Sterne 2011). This suggests a decline in trial design com-
plexity may be another channel through which the BTD shapes information gathering about product
quality. But it is also important to recall that such features are not inherently linked to drug safety.
Moreover, there may be other benefits (beyond speed-to-market) of these trial design choices. In-

deed—and less intuitively—such design choices may actually lead to the collection of more (or more

market more quickly without compromising information about product quality, which is associated with improvements in

welfare) remain largely the same.]
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complete) clinical datasets. For example, non-randomized and/or unblinded trials may be better at
achieving their target enrollment and may therefore actually produce more regulatory-grade data. This
is not just a hypothetical point: it is known that 40 percent of cancer trails fail to achieve their planned
patient recruitment (Monteleone 2016). In such a high-stakes setting, a non-blinded, “open-label” trial
(i.e., one in which a patient knows that he or she will receive an experimental therapy) may be more
attractive for patients and their families. Further, in diseases where the “natural history of disease”
(i.e., progression in the absence of treatment or with the medical consensus standard therapy) is well
documented, a control arm may not be necessary or ethical for evidence generation about drug effi-
cacy. While a full analysis of the effect of changes in clinical design complexity is beyond the scope of
this paper, policy-makers and researchers should consider the extent to which these characteristics
impact time-to-market and drug quality in both the short and long term along with associated social
benefits and costs.

Another set of policy questions bear exploring in the post-market period: once BTD drugs are
approved, do those that were granted approval on the basis of unblinded or non-randomized appear
to be prescribed inapproptiately more often and/or do such medicines have different experiences with
payers and/or in getting onto drug formularies? Exploring these downstream policy questions will be
of great value in filling-out the policy analysis of the BTD program.

Our results have implications for other regulatory interventions aimed at incentivizing the devel-
opment of novel products—both within the US and internationally. The European Union developed
the PRIME program in 2016 “to enhance support for the development of medicines that target an
unmet medical need.” Much like the BTD, PRIME “is based on enhanced interaction and early dia-
logue with developers of promising medicines” and is designed “to optimise development plans and
speed up evaluation so these medicines can reach patients earlier” (European Medicines Agency 2018).

As such, learnings from the BTD program are likely to prove valuable to regulators in Europe—and
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vice versa. Ongoing and robust analysis of regulatory review programs will be key to helping the in-
ternational regulatory science community learn about such programs efficiently and design better pol-
icy going forward.

A full welfare analysis of regulatory policies to support the expedited development of new medi-
cines is beyond the scope of this study. However, a few things can be said from various stakeholders’
perspectives: for patients, the fact that regulators are focusing on providing resources to support the
types of products that have important clinical value and address unmet medical needs is surely desir-
able. This study provides evidence that regulatory innovation aimed at bringing such products to mar-
ket more quickly can work. Further, we see evidence that such polices are disproportionately helping
to accelerate clinical development for less experienced firms—that is, such policy innovation and reg-
ulatory communication may help to bridge the experience gap between more established firms and
relative newcomers. Finally, we note that programs like the BTD are likely to have positive spillovers
that are difficult to measure. Although there is no direct link between BTD regulatory advice and
decisions for non-BTD drugs (as each drug development program is unique), the FDA is always learn-
ing from its own experiences. As such, the BTD program may result in the development of improved
endpoints, the initiation of new collaborations, and advances in the understanding of disease patho-
physiology and natural history. Therefore, such learnings—initially utilized in the BTD context—
could well provide for the basis for better or more efficient decisions for non-BTD drugs that follow.”

Our results provide specific support for the effectiveness of policies that increase the level of
information provision from the regulator to the developer. These findings are consistent with other

work that has shown that concrete steps to mitigate regulatory uncertainty is associated with a decline

25 To the extent that there are positive spillovers that may have occurred within our period of observation, this would

attenuate our effect sizes estimated.
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in time-to-market for medical products (Stern 2017). More generally, our analysis highlights the im-
portance of considering the trade-offs that may be inherent in the commercialization of new products
and how dedicated resources may help to mitigate such trade-offs, when they are appropriately de-
signed and targeted. While thoughtful policy design and subsequent rigorous policy analysis will re-
main of the utmost importance, these findings suggest the promise of regulatory innovation for

achieving specific policy goals and making medical product regulation more efficient overall.
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Figure 1: The Quality-Information Space for Regulators
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Figure 2: Timeline of Drug Development and Approval
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Notes: This figure shows the typical timeline of drug development and approval. In particular, it depicts our three
measures of time-to-approval: (1) time from Phase II to NDA submission, (2) time from Phase III to NDA submission,
and (3) time from NDA submission to FDA approval.
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Figure 3: Distribution of Time-to-Market Outcomes
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Notes: This figure shows the distribution of BTD and non-BTD time-to-market outcomes. Observations are at the drug-
level. For more detailed data and variable descriptions, see Section 4.
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Figure 4: Distribution of Adverse Event Outcomes
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Notes: This figure shows the distribution of BTD and non-BTD adverse event rates. Observations are at the drug-level

For more detailed data and variable descriptions, see Section 4.

37



Table 1: Summary Statistics: Unmatched Drug Sample

BTD Non-BTD
N =60 N =336

Mean SD Mean SD  P-Value
1) (2 (3) 4) (5)

Panel A. Drug Characteristics

Small Molecule (0/1) 057 050 080 040 0.00***
Priority Review (0/1) 098 013 045 050 0.00***
Fast Track (0/1) 050 050 027 045 0.00***
Accelerated Approval (0/1) 035 048 009 028 0.00%*
Black Box Warning (0/1) 023 043 038 049  0.00**
ATC: Cancer (0/1) 057 050 029 045 0.00***
ATC: Metabolism (0/1) 007 025 014 035 0.11
ATC: Antiinfectives (0/1) 015 036 010 031 0.30
ATC: Nervous System (0/1) 0.07 025 012 032 0.24
Sponsor: Private Firm (0/1) 012 032 0.2 0.40 0.14
Panel B. Time-to-Market Outcomes
Regulatory Review (Months) 713 197 866 335  0.00***

Phase 2 to Regulatory Review (Months) 5848 33.34 74.87 3836  0.00**
Phase 3 to Regulatory Review (Months) 32.51 26.57 49.71 36.07 0.00***

Panel C. Adverse Event Rate Outcomes

Within 2 Months 210 278 160 3.70 0.50

Within 3 Months 421 583 193 395 0.01*
Within 4 Months 10.66 1435 236 545  0.00%*
Within 5 Months 1135 1744 246 652  0.00%*
Within 6 Months 1225 22.03 283 798  0.00%**

Notes: This table shows drug characteristics for the sample of 396 drugs that are approved between 2006 and 2018. All
variables are measured at the drug-level. For example, “NDA to Approval (Months)” is the average number of months
that a drug spends between NDA submission to approval. The top 4 most common ATC classes are shown. ATC
categories that are not shown include: alimentary tract and metabolism; anti-infectives for systemic use; antineoplastic
and immunomodulating agents; antiparasitic products, insecticides and repellents; blood and blood forming clots;
cardiovascular system; dermatologicals; genitourinary system and sex hormones; musculo-skeletal system; nervous
system; respiratory system; sensory organs; systemic hormonal preparations; and various. Column 5 presents p-values
from t-tests comparing the difference of means. For more detailed data and variable descriptions, see Section 4.
*p<0.10, *p<0.05, **p<0.001
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Table 2: Synthetic Treatment and Control Group Counts

Total Non-BTD BTD Other
) 2 ®) (4)
Pre-BTD Program 169 109 (Imputed Non-BTD) 23 (Imputed BTD) 37
Post-BTD Program 227 167 (True Non-BTD) 60 (True BTD)
Total 396 276 83 37

Notes: This table shows how drug approvals are distributed to synthetic treatment and control groups. The sample
includes all drugs originally approved between 2006 and 2018. “Pre-BTD Program” refers to all drugs that were ap-
proved before July 9, 2012. “Post-BTD Program” refers to all drugs that were approved on/after July 9, 2012. “Other”
refers to the set of pre-BTD program drugs that were matched to neither the set of true BTD drugs nor the set of true

non-BTD drugs.
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Table 3:

Summary Statistics: Matched Drug Sample

Imputed + True BTD Imputed + True Non-BTD

N =83 N =276
Mean SD Mean SD P-Value
@) &) ®) (4) ©)
Panel A. Drug Characteristics
Small Molecule (0/1) 0.54 0.50 0.82 0.38 0.00***
Priority Review (0/1) 0.96 0.19 .042 0.49 0.00***
Fast Track (0/1) 0.48 0.50 0.28 0.45 0.00***
Accelerated Approval (0/1) 0.30 0.46 0.06 0.24 0.00%***
Black Box Warning (0/1) 0.33 0.47 0.37 0.48 0.50
ATC: Cancer (0/1) 0.59 0.49 0.28 0.45 0.00***
ATC: Metabolism (0/1) 0.05 0.22 0.15 0.36 0.01**
ATC: Antiinfectives (0/1) 0.12 0.33 0.11 0.31 0.69
ATC: Nervous System (0/1) 0.08 0.28 0.12 0.33 0.33
Sponsor: Private Firm (0/1) 0.13 0.34 0.15 0.36 0.66
Panel B. Time-to-Market Outcomes
Regulatory Review (Months) 6.98 1.97 8.91 341 0.00***
Phase 2 to Regulatory Review (Months) 58.62 31.29 77.78 40.37 0.00%**
Phase 3 to Regulatory Review (Months) 32.85 24.18 52.16 38.21 0.00%**
Panel C. Adverse Event Rate Outcomes
Within 2 Months 1.90 2.60 1.69 3.90 0.77
Within 3 Months 3.54 5.37 2.08 4.08 0.07*
Within 4 Months 8.53 13.2 2.63 593 0.00***
Within 5 Months 9.07 15.69 2.66 7.06 0.00***
Within 6 Months 9.74 19.5 3.08 8.64 0.00***

Notes: This table shows drug characteristics for the matched sample of drugs that are approved between 2006 and 2018.
All variables are measured at the drug-level. For example, “NDA to Approval (Months)” is the average number of
months that a drug spends between NDA submission to approval. The top 4 most common ATC classes are shown.
ATC categories that are not shown include: alimentary tract and metabolism; anti-infectives for systemic use; antineo-
plastic and immunomodulating agents; antiparasitic products, insecticides and repellents; blood and blood forming
clots; cardiovascular system; dermatologicals; genitourinary system and sex hormones; musculo-skeletal system; ner-
vous system; respiratory system; sensory organs; systemic hormonal preparations; and various. Column 5 presents
p-values from t-tests comparing the difference of means. For more detailed data and variable descriptions, see Section

4.
*p<0.10, *p<0.05, **p<0.001
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Table 4: Impact on Time-to-Market

Reg Review Phase III to Reg Review Phase II to Reg Review
@ @ () @) ®) (6) @) ®) ©)
BTD -0.221**  -0.109 -0.055  -0.252**  -0.188 -0.135  -0.078 0.014 -0.026
(0.074)  (0.082) (0.081)  (0.123) (0.130) (0.121) (0.092)  (0.107)  (0.100)
BTD x Post-2012 -0.044 -0.028 -0.058  -0.344* -0.306* -0.258* -0.320** -0.306"* -0.255"*
(0.087)  (0.085) (0.084)  (0.176) (0.158) (0.144) (0.123)  (0.118)  (0.111)
Small Molecule -0.085**  -0.094** 0.127*  0.024 0.053 -0.000
(0.040) (0.042) (0.073)  (0.084) (0.067)  (0.073)
Priority Review -0.239"*  -0.240"* 0.040  0.014 -0.014 0.023
(0.047) (0.045) (0.098)  (0.095) (0.074)  (0.075)
Private Firm 0.078 0.065 0.210*  0.128 0.157**  0.145*
(0.053) (0.056) (0.111)  (0.110) (0.080)  (0.079)
Mean 258.09  258.09 258.09 14575 1,457.5 1,457.5 222522 222522 2,22522
Controls: Drug Characteristics N Y Y N Y Y N Y Y
Controls: Disease N N Y N N Y N N Y
Observations 359 359 359 340 340 340 310 310 310
log likelihood -2156 -2141 -2129 -2745 2724 2707 -2563 -2551 -2540

Notes: This table report negative binomial model estimates of the effect of the BTD program on time-to-market out-
comes. Observations are at the drug-level. Additional controls for drug characteristics include: Fast Track status;
Accelerated Approval status; and whether the drug is approved with a boxed warning. Clinical development times are
observed for a subset of the sample, which accounts for the smaller number of observations in Columns 4-6 relative to
Columns 1-2. Exponentiating the coefficients and differencing from one yield numbers interpretable as elasticities. For
example, the estimates in column 6 imply that drugs experience a decrease in number of days spent between the start
of Phase III and NDA submission after receiving BTD designation, a statistically significant 100 x (exp[-0.258] — 1) =
-22.74%. Robust standard errors are in parentheses. For more detailed data and variable descriptions, see Section 4.

*p<0.10, *p<0.05, **p<0.001
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Table 5: Impact on Adverse Event Rates

2 Months 3 Months 4 Months 5 Months 6 Months

@ @ ®) ) ©)
BTD -0.794 -0.499 -0.227 0.158 0.107
(0.516) (0.514) (0.529) (0.435) (0.500)
BTD x Post-2012 0.463 0.765 0.766 0.331 -0.078
(0.651) (0.612) (0.618) (0.543) (0.588)
Small Molecule 0.584 0.051 -0.001 -0.013 -0.468
(0.376) (0.327) (0.301) (0.317) (0.334)
Priority Review 0.211 0.301 0.470* 0.723** 0.901***
(0.342) (0.280) (0.259) (0.269) (0.270)
Private Firm -0.610 -0.064 -0.842** -0.633 0.224
(0.654) (0.456) (0.405) (0.397) (0.413)
Mean 1.75 2.46 3.97 4.09 4.54
Controls: Drug Characteristics Y Y Y Y Y
Controls: Disease Y Y Y Y Y
Observations 136 163 194 215 228
log likelihood -200 -281 -384 -420 -466

Notes: This table report negative binomial model estimates of the effect of the BTD program on adverse event rates.
Observations are at the drug-level and estimates are from negative binomial regressions. Additional controls include
Fast Track status; Accelerated Approval status; whether the drug is approved with a boxed warning; ATC class; and the
year of initial approval. Adverse event rates are observed for a subset of the sample, which accounts for fewer than 359
observations. Exponentiating the coefficients and differencing from one yield numbers interpretable as elasticities. For
example, the estimates in column 1 imply that drugs experience an 100 x (exp[0.463] - 1) = 58.88% increase in adverse
event rates in the 2 months after receiving the BTD designation, though the effects are not statistically significant.
Robust standard errors are in parentheses. For more detailed data and variable descriptions, see Section 4.

*p<0.10, *p<0.05, **p<0.001
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Table 6: Mechanisms: Firm Experience

Reg Review Phase III to Reg Review  Phase II to Reg Review
Low Exp HighExp LowExp HighExp LowExp HighExp
1) (2 ®3) 4 ®) (6)
BTD -0.084 -0.082 0.078 -0.254 -0.048 0.199
(0.099) (0.147) (0.143) (0.193) (0.131) (0.178)
BTD x Post-2012 -0.077 0.054 -0.510** -0.227 -0.290** -0.459**
(0.107) (0.156) (0.185) (0.215) (0.140) (0.188)
Small Molecule -0.110* -0.039 0.019 0.006 -0.087 0.058
(0.062) (0.068) (0.109) (0.107) (0.108) (0.098)
Priority Review -0.274*  -0.217** 0.056 -0.113 0.068 -0.097
(0.051) (0.089) (0.115) (0.147) (0.096) (0.136)
Private Firm 0.073 0.096 0.143 -0.090 0.081 0.163
(0.069) (0.141) (0.132) (0.168) (0.089) (0.142)
Mean 265.07 245.94 1,540.42 1,318.43 2,309.83 2,089.43
Controls: Drug Characteristics Y Y Y Y Y Y
Controls: Disease Y Y Y Y Y Y
Observations 228 131 213 127 191 119
log likelihood -1334 -760 -1689 -981 -1557 -957

Notes: This table report negative binomial model estimates of the effect of the BTD program on time-to-market out-
comes, by sponsor experience. “Low Exp” denotes the set of drugs with sponsors that have low levels of experience
(below median number of previous drug approvals within the same year and ATC class). “High Exp” denotes the set of
drugs with sponsors that have high levels of experience (above median number of previous drug approvals within the
same year and ATC class). Observations are at the drug-level. Additional controls include Fast Track status; Acceler-
ated Approval status; whether the drug is approved with a boxed warning; ATC class; and the year of initial approval.
Robust standard errors are in parentheses. For more detailed data and variable descriptions, see Section 4.

*p<0.10, *p<0.05, **p<0.001
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Table 7: Mechanisms: Trial Characteristics

Trial Size Trial Design Complexity
Number of Number of Number of Randomized Double Blinded
Patients Facilities Arms 0/1) Masking (0/1)
€] (2 (3 4) 5)
Panel A. Phase 111 Trials
BTD -11.281 -48.254 -0.241 0.086 0.171
(27.718) (434.867) (0.234) (0.079) (0.113)
BTD x Post-2012 1.778 -84.564 0.264 -0.159* -0.446***
(31.892) (456.107) (0.410) (0.087) (0.122)
Small Molecule 12.055 519.766* -0.087 0.115** 0.105
(19.642) (312.414) (0.218) (0.043) (0.065)
Priority Review -7.043 -746.762 -0.187 -0.008 0.030
(21.139) (475.378) (0.196) (0.037) (0.071)
Private Firm -19.623 -62.320 -0.253 -0.227*** -0.214**
(16.752) (180.932) (0.177) (0.068) (0.073)
Mean 108.84 1015.77 2.46 0.89 0.71
Observations 287 332 307 340 333
R? 0.227 0.306 0.113 0.201 0.241
Panel B. Phase II Trials
BTD -54.124 -13.623 0.043 -0.036 -0.018
(58.786) (8.598) (0.698) (0.151) (0.107)
BTD x Post-2012 52.214 1.015 0.295 -0.034 -0.087
(57.624) (8.657) (0.785) (0.163) (0.123)
Small Molecule 27.966 -3.044 0.171 -0.102 -0.042
(31.966) (6.474) (0.406) (0.069) (0.064)
Priority Review -82.683* -1.897 -1.124** -0.131 -0.189**
(44.206) (7.192) (0.440) (0.088) (0.071)
Private Firm 8.378 2.707 -0.329 0.056 -0.118
(39.598) (7.161) (0.479) (0.080) (0.102)
Mean 197.51 27.29 3.19 0.77 0.52
Observations 281 242 243 224 281
R? 0.188 0.126 0.164 0.382 0.420

Notes: This table report OLS model estimates of the effect of the BTD program on trial characteristics. Observations
are at the drug-level. Additional controls include Fast Track status; Accelerated Approval status; whether the drug is
approved with a boxed warning; ATC class; and the year of initial approval. Columns show fewer than 359 observations
due to missing data on trial characteristics. Estimates in Panel A are conducted on the set of drugs that have non-
missing data on the time between the start of Phase III trials and NDA submission. Estimates in Panel B are conducted
on the set of drugs that have non-missing data on the time between the start of Phase II and NDA submission. Robust
standard errors are in parentheses. For more detailed data and variable descriptions, see Section 4.

*p<0.10, *p<0.05, **p<0.001
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APPENDIX

APPENDIX A: ADDITIONAL DETAILS ON THE BTD PROGRAM

ORIGIN OF THE PROGRAM

The idea for a BTD program was first discussed in the context of a non-profit organization at the Friends
of Cancer Research Conference on Clinical Cancer Research on November 10, 2011. The session included a
panel with participants from academic, industry, NIH, and FDA. According to the issue brief published by

Friends of Cancer Research:

“This panel was convened to identify consensus approaches for new, expedited development pathways for drugs that
demonstrate substantial activity early in development. ... The FDA recently released an innovation strategy in which
they stated that identifying ways to expedite drug development for exceptional new drugs is a key priority for the

Agency.”

After the panel, Friends of Cancer Research gathered further stakeholder input and support for a new
expediated program, which coalesced into legislation creating the BTD program. Thirteen months after the
panel, the BTD law was passed with bipartisan support as an amendment to the Food and Drug

Administration Safety and Innovation Act, an iteration of the Prescription Drug User Fee bills.

To summarize, the BTD program was not developed by firms or a member of congress, but rather by an
interdisciplinary group of cancer experts and advocates. It should not be surprising, therefore, that cancer
drugs are disproportionately likely to benefit from the program: while the ATC class for oncology drugs
makes up 29% of all non-BTD drugs in our data, it accounts for 50% of the BTD drug sample. To the extent
that there is an interest lobby behind the BTD program, it is the cancer lobby (which is supported by multiple
pharmaceutical companies but not uniquely by any subset). As we note in Section 5.2, the fact that we are
controlling for both the ATC class for oncology drugs as well as firm status should thus account for any
major differences along these dimensions. In addition, we also control for other factors (e.g., Priority Review

status) that might also be subject to political economy concerns.



ENGAGEMENT WITH SENIOR REGULATORS

A key component of the BTD program is that it ensures significance engagement on drug development
by senior regulators in CDER. In contrast, a non-BTD development program, sponsors generally interface
with only the review-level staff (e.g., medical officers and management up to the division director). Office
directors and the Director of the Office of New Drugs would be briefed on final decisions for new drugs and

consulted on any decisions that have significant policy or precedent-making implications.

Importantly and uniquely, for BTD drugs, decisions on the development program would receive
guidance from the Medical Policy Council (MPC).! The MPC includes the most senior members of CDER,
including: the Center Director, the Deputy Center Director for Clinical Science, the Director of the Office of
New Drugs, and the Director of the Office of Surveillance and Epidemiology. The MPC works to problem-
solve and reach internal consensus on decisions regarding the BTD drug development program. This allows
the sponsor to have final decisions on critical aspects of their program, thus initiating and conducting pivotal
trials more rapidly. The MPC does not otherwise advise on clinical development programs for other drugs, so

its attention to BTD drugs is part of the program’s value-add.

DIFFERENCES VS. FAST TRACK DESIGNATION

While the qualifying criteria for BTD and Fast Track designation are similar, the key difference is that
BTD requires clinical data showing a product’s promise before a manufacturer can apply. From FDA
guidance: “Unlike the information that could support Fast Track designation, which could include theoretical
rationale, mechanistic rationale (based on nonclinical data), or evidence of nonclinical activity, breakthrough
therapy designation requires preliminary clinical evidence of a treatment effect that may represent substantial
improvement over available therapies for the treatment of a serious condition” (U.S. Food and Drug

Administration 2014).

! For more information on the Medical Policy Council, see: https://www.fda.gov/media/85725/download.
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Further, while both Fast Track designation and BTD require that the drug be used to treat a serious
condition, Fast Track requires that the drug be used to treat an “unmet need” whereas the BTD requires that
the drug be an “improvement over existing therapies”. In terms of benefits: both programs offer rolling
review and both offer standard “Actions to expedite development and review”. But BTD also offers:
“Intensive guidance” and “Organizational commitment” as described above. That several drugs in our sample

receiving both designations is a testament to their partial overlap.?

FDA BUDGET

No direct funds were appropriated to support the BTD program. However, administering the BTD
program was part of FDA’s commitment to PDUFA VI, the fifth renewal of the federal act that provides the
FDA with funds to support drug review.’ It is likely, therefore, that some of the additional costs of
administering the program were funded through an increase in user fees. Between 2006 and 2019, the share
of FDA’s budget that came from user fees increased from ~10 percent to ~50 percent. (However, much of
this increase was due to the creation of FDA’s Center for Tobacco Products in 2009, which is funded

completely through user fees.)

2The only BTD drug in the sample without Priority Review is idelalisib (Zydelig). As seen in Table 1, among BTD
drugs, 50 percent (n=30) qualified for Fast Track and 35 percent (n=21) qualified for Accelerated Approval. Among
non-BTD drugs in the post-2012 period, 49 percent (n=82) qualified for Priority Review, while only 34 percent (n=60)
qualified for Fast Track and just 7 percent (n=11) qualified for Accelerated Approval.

3 The Food and Drug Administration Reauthorization Act (FDARA) was signed into law on August 18, 2017. It
includes the reauthorization of the Prescription Drug User Fee Act (PDUFA), which in turn, provides FDA with the
necessary resources to maintain a predictable and efficient review process for human drug and biologic products.
(https:/ /www.fda.gov/industry/ prescription-drug-uset-fee-amendments/pdufa-vi-fiscal-years-2018-2022)
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Figure A1: Timeline of Drug Development and FDA Expedited Programs
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Notes: This figure shows the typical timeline of drug development and FDA Expedited Programs.



Table A1l: FDA Expedited Review Programs

Program

Year Introduced

Drug Criteria

Priority Review
Designation

1992

Drugs that provide a signif-
icant improvement in safety
and effectiveness receive
shortened review (6 months
vs. the standard 10 months)

Accelerated Ap-
proval Pathway

1992

Drugs that provide a mean-
ingful advantage over avail-
able therapies and demon-
strate an effect on a meaning-
ful clinical endpoint receive
approval based on an inter-
mediate clinical endpoint.

Fast Track Designa-
tion

1997

Drugs with nonclinical or
clinical data that demon-
strate the potential to ad-
dress an unmet medical need
or have been designated as
a qualified infectious dis-
ease product receive expe-
dited development and re-
view and are eligible for
rolling review.

Source: https://www.fda.gov/files/drugs/published/
Expedited-Programs—-for-Serious—-Conditions-Drugs—-and-Biologics.

pdf

vi



APPENDIX B: DATA CONSTRUCTION

PRIMARY ANALYSIS SAMPLE

Our sampling frame consisted of all New Molecular Entities (NME) approved by the FDA in calendar
years 2006 through 2018. The relevant NMEs were collected from FDA reports and represent the “master list”
of drugs for this study (Center for Drug Evaluation and Research 2021; Center for Drug Evaluation and
Research 2015; Center for Drug Evaluation and Research 2020a).

The data include FDA application numbers, proprietary and established drug names, U.S. approval dates,
and “Breakthrough Therapy” designations (Center for Drug Evaluation and Research 2020b; Friends of Cancer
Research 2021a). Since the program’s launch, the response to the BTD program has been enthusiastic: as of
December 31, 2020, the FDA’s Center for Drug Evaluation and Research (CDER) had received 917 requests
for BTD. The FDA granted 375 BTD requests and approved 190 applications for drugs with the BTD (Center
for Drug Evaluation and Research 2020b; Center for Drug Evaluation and Research 2020c).! There is no
penalty for applying to receive a BTD and this may encourage developers to submit an application (Daniel et
al., 2015).2

We also collect information on other regulatory designations (“Fast Track” and “Accelerated Review”),
FDA standard review, priority review, orphan drug designations, and drug indication(s) (Center for Drug
Evaluation and Research 2021a; Center for Drug Evaluation and Research 2020c; U.S. Food and Drug
Administration 2021a). As described in Section 4 of the main manuscript, we classify all drug indications into
14 mutually exclusive categories using the World Health Organization’s Anatomical Therapeutic Chemical
(ATC) Classification system. The 14 ATC classes are: alimentary tract and metabolism, anti-infectives for

systemic use, antineoplastic and immunomodulating agents, antiparasitic products, insecticides and repellents,

! Recent efforts have led to the expansion of the breakthrough program to medical devices: the 21st Century Cures Act,
passed in December of 2016, offers to provide a similar regulatory program to “breakthrough” devices for which no
approved alternative exists; as of January 1, 2020, over 70 devices had received the designation.

2 In Europe, the EMA’s PRIME Program facilitates enhanced support for “the development of medicines that target an
unmet medical need.” It is similar to the BTD Program and offers “enhanced interaction and eatly dialogue” to drug
developers with the goal “to optimise development plans and speed up evaluation so these medicines can reach patients
carlier.” (European Medicines Agency 2018).
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blood and blood forming clots, cardiovascular system, dermatologicals, genitourinary system and sex hormones,
musculoskeletal system, nervous system, respiratory system, sensory organs, systemic hormonal preparations,
and various.

Data on boxed warnings (also sometimes referred to as “black box warnings”) are collected from the NIH’s
“DailyMed SPL” resources data (National Institutes of Health 2021). We manually extract each drug’s
submission date from the “Original Approval” letter located in each drug’s FDA Drug approval package, which
is available from the Drugs@FDA database (U.S. Food and Drug Administration 2021b; Center for Drug
Evaluation and Research 2021b).

Finally, we make two sample restrictions: first, we drop from our sample the 15 non-therapeutic products
approved during our period of observation. These products are classified as diagnostic or contrast agents for
imaging. Second, we drop nine drugs that are subsequently discontinued. Appendix Table B1 presents our final

analysis sample 396 NMEs by calendar year of approval alongside counts by review and designation types.
MEASURING REGULATORY REVIEW TIMES

We calculated regulatory review times from the time the drug’s manufacturer submitted the drug for

approval (submission date) to the time FDA officially approved the drug (approval date).
MEASURING R&D TIMES (L.E., CLINICAL TRIALS TO SUBMISSION)

We calculated the length of elapsed time between major R&D milestones (the launch of Phase 1I and Phase
11T trials)? and FDA submission for products in the analysis sample (see Appendix Figure B1). We link each
NME to its corresponding data from ClinicalTrials.gov trial following the steps below (see Appendix Figure
B2 for sample size flowchart by steps):

1. We download the ClinicalTrial.gov pipe delimited files which contain data on all clinical trials registered

up to date of access (Clinical Trials Transformation Initiative 2021).
2. We download the ClinicalTrial.gov pipe delimited files which contain data on all clinical trials registered

up to date of access (Clinical Trials Transformation Initiative 2021).

3 As reported in clinicaltrials.gov
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3. We next restrict the ClinicalTrial.gov dataset based on the following criteria

a. For a trial to be included in our clinical trial sample, its overall status must be “Completed” or,
alternatively, the variable primary completion date is non-missing or the variable completion date is
non-missing.

b. The study type is “Interventional”

c. The study phase is either “Phase 1 / 27, “Phase 27, “Phase 2 / 3”, or “Phase 3.” This primarily
results in the exclusion of Phase 4 (i.e. post-market) studies, which often provide important
clinical data, but are not part of the typical new product approval process.

d. The study zntervention type is either “Drug” or “Biological.” This primarily results in the
exclusion of studies of medical devices and surgical procedures.

e. 'The study phase start date is populated. This is crucial, as the goal of linking approved drugs to
their clinical studies is to understand the timeline of the development process. If a trial’s launch
date is not reported, the trial cannot provide information on the trial feature of interest.

4. We further retain the following ClinicalTrials.gov fields of interest: sponsor name(s), intervention
name(s), condition(s), other study id(s), NCT id, trial start date.

5. We write an algorithm that links trials to NMEs, based on a match between cleaned and abbreviated
product names, drug codes, original applicant names, and NME indications.

6. For each NME, we identify all phase II and Phase 111 trials in the ClinicalTrials.gov database.

7. We drop cases where trial start dates are affer FDA submission dates.

8. We perform a number of quality checks on the trials identified through steps 1-6 above by comparing
the study IDs to FDA trial IDs, which are manually collected from the Table of Clinical Studies in the
Medical Review documents that are included in FDA drug approval packages.

Altogether, we are able to collect data on Phase I1I to NDA submission for 371 drugs (94 percent of the

drug sample) and data on Phase 11 to NDA submission for 338 drugs (85 percent of the drug sample).* The

* For the remainder of drugs, the associated clinical studies could not be identified through either automated or manual
review of FDA approval documents or clinical trial registties.
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final sample of NMEs with both non-missing Phase II and/or Phase 111 start dates was 326. These 326 NMEs
can be linked to 714 clinical trials, from which we calculate their corresponding phase start-to-submission times.
Appendix Table B2 presents the average times to submission observed in our final sample of 326 NMEs.
Among the set of BTD drugs with available data on the timing of Phase II and Phase I1I launch dates and
BTD approval dates (86 percent of the BTD sample), just 6 percent received BTD designations before their
Phase 1I trials began. 22 percent received BTD designations during their Phase II program, and 71 percent

received BTD designations only after their (earliest) Phase 111 trials had begun.
MEASURING POST-APPROVAL ADVERSE EVENTS

To study the safety of newly approved NMEs, we collect data on reported adverse events from the FDA’s
Adverse Event Reporting System (FAERS) (Center for Drug Evaluation and Research 2019).

We download quarterly event reports from 2006 through 2018 from two sets of adverse event data files:
1) the “Drug” files and 2) the “Demographic” files. The Drug data files (at the drug-report level) contain
information on a drug’s role in a given adverse event and, when available, the drug’s FDA Application Number.
The Demographic data files, which are at the level of a given report, include information on the date on which
a report was filed.

In each of the quarterly Drug files from 2006 to 2018, we retained rows with the following characteristics:

1. There is a non-missing FDA report id (primaryid), which is used to link a reported adverse
event to the Demographic data files.

2. In the file, a drug’s role (role_cod) is coded as “Primary Suspect” — i.e. the drug is the primary
product implicated in the reported adverse event.

3. The FDA application number (n#da_num) is non-missing.

We link all matching application numbers to our analysis sample of 396 NMEs. We associate report dates
trom the Demographic file with each reported adverse event. Using the approval date for each NME, we calculate
the number of adverse events occurring within windows of three and five months from the date of approval
for each NME. By limiting these windows of time, we increase the likelihood that the adverse events reported

are those that are attributable to use of the drug for its original approved indication, as secondary indications



for many drugs in our sample start to gain FDA approval around six months after the first indication. Our final
sample includes 2,340,924 adverse event reports representing 378 of the 396 NMEs in our analysis sample (19
NMEs were not reported as having a primary role in any adverse events within six months of approval).

Appendix Table B3 presents these adverse events counts (including when missing) for our analysis sample.

MEASURING POST-APPROVAL ADVERSE RATES

To generate adverse event rates, we divide the adverse event levels by the number of drug uses. Our proxy
of drug usage comes from inpatient and outpatient drug claims records from the Optum Labs Data Warchouse
(henceforth OLDW). Using this database, we obtain the number of unique claims for each drug and successfully
match 372 of the 396 NMEs in our analysis sample to the OLDW. Because of requirements by the data
provider, drug claim counts with 1 to 10 claims are censored. We replace such “small cells” with the average

(i.e., 6) number of claims.
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Figure B1. FDA Drug R&D Path

Clinical Development
Phase |l Phasell Phaselll

Pre-Clinical
Development

FDA
Review

Lo

NDA/BLA  Decision
Submission (Approval)

|
—
Plll start to |
Submission |

Post-Approval
Marketing

.
1

PIl start to Submission

Source: https://www.everyersreport.com/reports/R44864.html, with some personal additions




Figure B2 Sample size pipeline for identifying clinical trials of interest (referring to steps listed

in the text)
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Table B1l. Final NME sample by calendar year

APP‘;{’Z:: n  Standard Priority Tfaacslz Accelerated Otrphan BTD Wfr‘r’l’i‘flg
2006 21 11 10 4 3 5 0 7
2007 17 9 8 1 4 6 0 9
2008 20 12 8 0 2 7 0 6
2009 26 18 8 1 2 9 0 13
2010 21 11 10 0 0 6 0 10
2011 26 14 12 12 3 11 0 12
2012 35 21 14 13 4 13 0 14
2013 23 15 8 9 2 9 3 12
2014 38 15 23 17 8 17 9 13
2015 45 20 25 14 6 19 10 14
2016 20 6 13 8 6 8 7 7
2017 45 18 27 18 6 18 17 14
2018 59 16 43 24 4 34 14 11

Total 396 186 209 121 50 162 60 142
Table B2. Average times to submissions
n mean SD min max
P II to submission (days) 326 2,202 1,126 291 8,391
P III to submission (days) 326 1,373 945 1 7,205
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Table B3. Adverse event (AE) counts within 2 to 6 months of approval

Application Application Proprietary . P2 P3 No
Number Type Name Established Name BTD info  info AE 2 3 4 5 6
020427 NDA SABRIL VIGABATRIN 2 4 5 7 8
021201 NDA ASCLERA POLIDOCANOL 0 0 0 0 0
AVOBENZONE;
021502 NDA ANTHELIOS SX ECAMSULE; yes yes 0 0 0 0 0
OCTOCRYLENE
021526 NDA RANEXA RANOLAZINE yes 0 0 0 0 6
021632 NDA ERAXIS ANIDULAFUNGIN yes yes 0 0 0 0 0
021641 NDA AZILECT RASAGILINE MESYLATE yes 0 1 1 2 3
- NEBIVOLOL e
021742 NDA BYSTOLIC HYDROCHLORIDE yes yes 1 1 5 13 16
021775 NDA ENTEREG ALVIMOPAN yes yes 0 0 0 0 1
021790 NDA DACOGEN DECITABINE yes 0 0 8 8 11
021825 NDA FERRIPROX DEFERIPRONE yes 0 0 0 0 0
021829 NDA NEUPRO ROTIGOTINE yes 11 28 48 56 68
021856 NDA ULORIC FEBUXOSTAT yes yes 3 8 48 53 58
. DALBAVANCIN
021883 NDA DALVANCE HYDROCHLORIDE yes yes 0 0 2 3 3
021894 NDA XENAZINE TETRABENAZINE yes yes 0 1 2 4 7
021902 NDA VEREGEN SINECATECHINS yes 0 0 0 0 0
021908 NDA AMITIZA LUBIPROSTONE yes 0 0 0 0 1
021911 NDA BANZEL RUFINAMIDE 6 8 14 15 16
VARENICLINE
. - v %
021928 NDA CHANTIX TARTRATE yes yes 0 0 17 54 121
021938 NDA SUTENT SUNITINIB MALATE yes yes 57 71 73 73 107
METHYLNALTREXONE
9 g . W W 5 5
021964 NDA RELISTOR BROMIDE yes yes 0 3 3 5 5
DARUNAVIR
9 S 7 7
021976 NDA PREZISTA ETHANOLATE yes yes 1 4 7 9 12
LISDEXAMFETAMINE
9 /. 7 7
021977 NDA VYVANSE DIMESYLATE yes yes 0 0 0 0 7
ALISKIREN
085 s ¢ Y Y 5
021985 NDA TEKTURNA HEMIFUMARATE yes yes 5 45 181 216 270
021986 NDA SPRYCEL DASATINIB yes yes 6 8 24 27 29
021991 NDA ZOLINZA VORINOSTAT yes yes 1 1 3 3 6
DESVENLAFAXINE
9 g 7 7 5
021992 NDA PRISTIQ SUCCINATE yes yes 1 6 26 40 55
. SITAGLIPTIN
995 7 7 5
021995 NDA JANUVIA PHOSPHATE yes yes 28 58 103 755 828
021999 NDA INVEGA PALIPERIDONE yes yes 0 9 82 174 270
022003 NDA NOXAFIL POSACONAZOLE yes yes 19 29 35 51 68
022004 NDA OMNARIS CICLESONIDE yes yes 0 0 0 0 0
- FESOTERODINE e
/- Y V'

022030 NDA TOVIAZ FUMARATE yes yes 8 13 14 21 25
022055 NDA ALTABAX RETAPAMULIN yes 0 0 27 27 31
[ LAPATINIB 10
022059 NDA I'YKERB DITOSYLATE yes yes - 213 669 757 830
022065 NDA IXEMPRA KIT IXABEPILONE yes yes 3 19 91 106 117

NILOTINIB
022068 NDA TASIGNA HYDROCHLORIDE yes yes 70 100 157 200 236
MONOHYDRATE
022074 NDA SD%;%;ULINE LANREOTIDE ACETATE ves  yes 0 4 9 10 14
022081 NDA LETAIRIS AMBRISENTAN yes yes 5 18 41 63 91
022088 NDA TORISEL TEMSIROLIMUS yes yes 16 32 62 93 107
022106 NDA DORIBAX DORIPENEM yes 27 48 64 73 89
, TELAVANCIN e
022110 NDA VIBATIV HYDROCHLORIDE yes yes 0 1 1 5 10
022117 NDA SAPHRIS ASENAPINE MALEATE yes yes 0 3 20 29 49
022128 NDA SELZENTRY MARAVIROC yes yes 0 5 25 41 56
022129 NDA ULESFIA BENZYL ALCOHOL yes 0 0 3 3 3
022134 NDA LASTACAFT ALCAFTADINE yes 0 0 0 0 0
RALTEGRAVIR
- - o< : : ¢ -
022145 NDA ISENTRESS POTASSIUM yes yes 9 21 68 85 107
022150 NDA FIRAZYR ICATIBANT ACETATE yes 6 8 9 10 13
022156 NDA CLEVIPREX CLEVIDIPINE yes 0 0 0 0 0
022161 NDA LEXISCAN REGADENOSON yes 0 0 22 28 33
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Table C1: Impact of BTD on Phase IV Trials

Any Phase IV Trial
(Mean = 0.57)
1) (2 3)
BTD -0.141 -0.059 -0.054
(0.113) (0.131) (0.136)
BTD x Post-2012 0.226*  0.174 0.169
(0.134) (0.146) (0.150)
NDA -0.053  -0.064
(0.063) (0.066)
Priority Review -0.121*  -0.086
(0.068) (0.070)
Private Firm -0.114  -0.115
(0.077)  (0.080)
Controls: Drug Characteristics N Y Y
Controls: Disease N N Y
Observations 343 343 343
R? 0.133 0177  0.226

Notes: This table reports estimates of the effect of the BTD program on the likelihood of a Phase IV clinical trial. The
outcome is an indicator for whether any Phase IV clinical trial is required. Observations are at the drug-level and esti-
mates are from OLS regressions. Additional controls include Fast Track status; Accelerated Approval status; whether
the drug is approved with a boxed warning; and ATC class. Several columns show fewer than 359 observations due to
missing data. Robust standard errors are in parentheses. For additional detail on the sample, see Section 5.1.

*p<0.10, *p<0.05, **p<0.001
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Table C2: Summary Statistics: Post-BTD Sample

BTD Non-BTD
N =60 N =167

Mean SD Mean SD  P-Value
1) (2 (3) 4) (5)

Panel A. Drug Characteristics

Small Molecule (0/1) 057 050 079 041 0.00%**
Priority Review (0/1) 098 013 049 050 0.00***
Fast Track (0/1) 050 050 036 048 0.06*
Accelerated Approval (0/1) 035 048 007 025 0.00%*
Black Box Warning (0/1) 023 043 033 047 0.17
ATC: Cancer (0/1) 057 050 028 045 0.00***
ATC: Metabolism (0/1) 007 025 016 036 0.08*
ATC: Antiinfectives (0/1) 015 036 013 034 0.73
ATC: Nervous System (0/1) 0.07 025 011 031 0.36
Sponsor: Private Firm (0/1) 012 032 016 036 0.46
Panel B. Time-to-Market Outcomes
Regulatory Review (Months) 713 197 924 3.03 0.00***

Phase 2 to Regulatory Review (Months) 5848 33.34 85.85 43.23 0.00***
Phase 3 to Regulatory Review (Months) 32.51 26.57 57.56 44.79 0.00***

Panel C. Adverse Event Rate Outcomes

Within 2 Months 210 278 220 453 0.92
Within 3 Months 421 583 287 483 0.24
Within 4 Months 10.66 1435 359 710  0.00%**
Within 5 Months 1135 1744 378 890  0.00%**
Within 6 Months 1225 22.03 417 10.82 0.00***

Notes: This table shows drug characteristics for the sample of 227 drugs whose NDAs were submitted between July 9,
2012 and December 31, 2018. All variables are measured at the drug-level. For example, “NDA to Approval (Months)”
is the average number of months that a drug spends between NDA submission to approval. The top 4 most common
ATC classes are shown. ATC categories that are not shown include: alimentary tract and metabolism; anti-infectives for
systemic use; antineoplastic and immunomodulating agents; antiparasitic products, insecticides and repellents; blood
and blood forming clots; cardiovascular system; dermatologicals; genitourinary system and sex hormones; musculo-
skeletal system; nervous system; respiratory system; sensory organs; systemic hormonal preparations; and various.
Column 5 presents p-values from t-tests comparing the difference of means.

*p<0.10, *p<0.05, **p<0.001
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Table C3: Impact of BTD Program: Assigning Unmatched Drugs as Imputed Non-BTD drugs

Time-to-Market Adverse Event Rates

Phaselllto  Phase Il to
Reg Review 3 Reg Review

Reg Review 2 Months 3 Months 4 Months 5Months 6 Months

) @ ®G) 4) ©®) (6) @) ®
BTD -0.093 -0.176 -0.037 -0.683 -0.677 -0.356 -0.013 0.060
(0.075) (0.113) (0.095) (0479)  (0489)  (0.509)  (0.447)  (0.502)
BTD x Post-2012 -0.045 -0.250* -0.249** 0.367 0.888 0.918 0.521 -0.030
(0.080) (0.142) (0.110) (0.636)  (0.612)  (0.605)  (0.554)  (0.593)
Small Molecule -0.114* 0.013 -0.002 0.577 0.074 0.072 0.064 -0.357
(0.040) (0.078) (0.068) (0372)  (0.323)  (0.295)  (0.314)  (0.332)
Priority Review -0.218*** 0.088 0.025 0.085 0.161 0.314 0.522** 0.741**
(0.044) (0.086) (0.067) (0.312) (0.255) (0.229) (0.246) (0.251)
Private Firm 0.032 0.157* 0.153** -0.277 -0.050 -0.564* -0.446 0.043
(0.048) (0.088) (0.059) (0.494) (0.347) (0.327) (0.318) (0.323)
Mean 256.95 1,438.48 2,199.22 1.69 2.35 3.66 3.8 421
Controls: Drug Characteristics Y Y Y Y Y Y Y Y
Controls: Disease Y Y Y Y Y Y Y Y
Observations 396 371 338 151 181 217 239 253
log likelihood -2355 -2949 -2760 -220 -304 -416 -453 -496

Notes: This table report estimates of the effect of the BTD program on time-to-market and adverse event rates using
a drug sample where drugs that are not algorithmically matched to the true BTD or true non-BTD are categorized as
imputed non-BTD. Observations are at the drug-level and estimates are from negative binomial regressions. Additional
controls include Fast Track status; Accelerated Approval status; whether the drug is approved with a boxed warning;
ATC class; and the year of initial approval. Several columns show fewer than 396 observations due to missing data.
Exponentiating the coefficients and differencing from one yield numbers interpretable as elasticities. For example, the
estimates in column 2 imply that drugs experience a decrease in number of days spent between the start of Phase IIl and
NDA submission after receiving BTD designation, a statistically significant 100 x (exp[-0.282] — 1) = -24.57%. Robust
standard errors are in parentheses.

*p<0.10, *p<0.05, ***p<0.001]
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Table C4: Impact of BTD Program: Controlling for Drug Cohort

Time-to-Market Adverse Event Rates
Reg Review Phase I.H to  Phase H. © > Months 3Months 4Months 5Months 6 Months
Reg Review 3 Reg Review
) 2 ®) “) ®) (6) @) ®)

BTD -0.066 -0.079 -0.002 -0.689 -0.561 -0.296 0.244 0.185

(0.084) (0.122) (0.100) (0.458) (0.544) (0.526) (0.462) (0.458)
BTD x Post-2012 -0.046 -0.315** -0.315** -0.103 0.496 0.823 0.334 0.030

(0.089) (0.147) (0.111) (0.583) (0.610) (0.582) (0.521) (0.520)
Small Molecule -0.104** 0.025 0.017 0.391 -0.106 -0.120 -0.107 -0.453

(0.041) (0.086) (0.072) (0.403) (0.359) (0.303) (0.300) (0.306)
Priority Review -0.232%** -0.023 0.031 0.127 0.112 0.319 0.678** 0.836"**

(0.047) (0.097) (0.076) (0.312) (0.277) (0.250) (0.247) (0.248)
Private Firm 0.055 0.148 0.146* -0.187 0.050 -0.711* -0.579 0.186

(0.055) (0.111) (0.079) (0.712) (0.487) (0.432) (0.391) (0.412)
Mean 258.09 1,457.5 2,225.22 1.75 2.46 3.97 4.09 454
Controls: Drug Characteristics Y Y Y Y Y Y Y Y
Controls: Disease Y Y Y Y Y Y Y Y
Observations 359 340 310 136 163 194 215 228
log likelihood -2137 -2707 -2538 -200 -285 -385 -419 -463

Notes: This table report estimates of the effect of the BTD program on time-to-market and adverse event rates in regres-
sions that control for drug cohort (as measured by submission year). Observations are at the drug-level and estimates
are from negative binomial regressions. Additional controls include Fast Track status; Accelerated Approval status;
whether the drug is approved with a boxed warning; and ATC class. Several columns show fewer than 359 observa-
tions due to missing data. Exponentiating the coefficients and differencing from one yield numbers interpretable as
elasticities. For example, the estimates in column 2 imply that drugs experience a decrease in number of days spent
between the start of Phase III and NDA submission after receiving BTD designation, a statistically significant 100 x
(exp[-0.315] — 1) = -27.02%. Robust standard errors are in parentheses.

*p<0.10, *p<0.05, **p<0.001
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Table C5: Impact of BTD Program: Controlling for Novelty of Drug Mechanism of Action

Time-to-Market Adverse Event Rates

Phaselllto  Phase Il to
Reg Review 3 Reg Review

Reg Review 2 Months 3 Months 4 Months 5Months 6 Months

) 2 ®) “) ®) (6) @) ®)
BTD -0.040 -0.090 -0.011 -0.750 -0.502 -0.279 0.082 0.045
(0.081) (0.122) (0.101) (0542)  (0532)  (0.534)  (0.436)  (0.482)
BTD x Post-2012 -0.060 -0.262* -0.267** 0.423 0.787 0.766 0.318 -0.090
(0.084) (0.145) (0.113) 0.695)  (0.633)  (0.616)  (0.538)  (0.566)
Small Molecule -0.108** -0.002 -0.007 0.363 0.069 0.105 0.125 -0.396
(0.043) (0.083) (0.076) 0401)  (0.322)  (0298)  (0.312)  (0.321)
Priority Review -0.245*** -0.004 0.018 0.331 0.335 0.486™* 0.810"** 0.916"**
(0.045) (0.093) (0.075) (0.337) (0.271) (0.243) (0.246) (0.260)
Private Firm 0.046 0.086 0.141* -0.659 -0.054 -0.796** -0.555 0.249
(0.058) (0.103) (0.077) (0.666) (0.461) (0.400) (0.394) (0.404)
Mean 258.09 1457.5 2225.22 1.75 2.46 3.97 4.09 4.54
Controls: Drug Characteristics Y Y Y Y Y Y Y Y
Controls: Disease Y Y Y Y Y Y Y Y
Observations 359 340 310 136 163 194 215 228
log likelihood -2128 -2703 -2539 -199 -279 -383 -416 -464

Notes: This table report estimates of the effect of the BTD program on time-to-market and adverse event rates in regres-
sions that control for the novelty of the drug’s mechanism of action. A drug is considered to have a novel mechanism
of action if no previous drug approved contained the mechanism of action. Observations are at the drug-level and
estimates are from negative binomial regressions. Additional controls include Fast Track status; Accelerated Approval
status; whether the drug is approved with a boxed warning; and ATC class. Several columns show fewer than 359 ob-
servations due to missing data. Exponentiating the coefficients and differencing from one yield numbers interpretable
as elasticities. For example, the estimates in column 2 imply that drugs experience a decrease in number of days spent
between the start of Phase III and NDA submission after receiving BTD designation, a statistically significant 100 x
(exp[-0.267] — 1) = -23.43%. Robust standard errors are in parentheses.

*p<0.10, *p<0.05, **p<0.001
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Table C6: Impact on Adverse Event Levels

2 Months 3 Months 4 Months 5 Months 6 Months
1) (2 3) 4) (©)
BTD 0.106 0.025 0.189 0.142 0.120
(0.467) (0.459) (0.400) (0.404) (0.405)
BTD x Post-2012 1.355** 1.221** 0.992** 1.062** 1.013**
(0.538) (0.523) (0.482) (0.484) (0.489)
Small Molecule 0.757** 0.792** 0.625** 0.657** 0.464
(0.286) (0.277) (0.291) (0.278) (0.289)
Priority Review -0.257 -0.291 -0.229 -0.255 -0.370
(0.287) (0.279) (0.240) (0.246) (0.249)
Private Firm -1.947**  -1.502***  -1.583***  -1.611"**  -1.650***
(0.332) (0.328) (0.292) (0.287) (0.284)
Mean 10.05 22.22 55.47 78.68 116.01
Controls: Drug Characteristics Y Y Y Y Y
Controls: Disease Y Y Y Y Y
Observations 359 359 359 359 359
log likelihood -888 -1149 -1460 -1592 -1715

Notes: This table report estimates of the effect of the BTD program on adverse event levels. Observations are at the
drug-level and estimates are from negative binomial regressions. Additional controls include Fast Track status; Ac-
celerated Approval status; whether the drug is approved with a boxed warning; ATC class; and the year of initial
approval. Several columns show fewer than 359 observations due to missing data. Exponentiating the coefficients and
differencing from one yield numbers interpretable as elasticities. For example, the estimates in column 1 imply that
drugs experience an 100 x (exp[1.355] - 1) = 287.68% increase in adverse event levels in the 2 months after receiving the
BTD designation, though the effects are not statistically significant. Robust standard errors are in parentheses.

*p<0.10, *p<0.05, **p<0.001
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Table C7: Impact of BTD Program: Excluding Clinical Trials that Occur Post-Designation

Dep Variable: Phase III to Reg Review Dep Variable: Phase II to Reg Review
Excl. BTD drugs that Excl. BTD drugs that

Original Sample Occur After Phase III Original Sample Occur After Phase II
@ ) ®3) @
BTD -0.135 -0.109 -0.026 -0.007
(0.121) (0.124) (0.100) (0.103)
BTD x Post-2012 -0.258* -0.737** -0.255** -0.212
(0.144) (0.230) (0.111) (0.342)
Small Molecule 0.024 0.051 -0.000 0.010
(0.084) (0.090) (0.073) (0.084)
Priority Review 0.014 -0.041 0.023 0.025
(0.095) (0.094) (0.075) (0.081)
Private Firm 0.128 0.155 0.145* 0.166*
(0.110) (0.115) (0.079) (0.086)
Mean 1,457.5 1,493.72 2,225.22 2,314.49
Controls: Drug Characteristics Y Y Y Y
Controls: Disease Y Y Y Y
Observations 340 303 310 259
log likelihood -2707 -2417 -2540 -2128

Notes: This table report estimates of the effect of the BTD program on time-to-market and adverse event rates. Columns
1 and 3 use the original drug sample and replicates the results shown in Table 4, Columns 6 and 9, respectively. Columns
2 and 4 use drug samples that excludes BTD drugs whose BTD designation is given after the start of the focal trial. For
example, Column 2 excludes drugs whose Phase III trial begins after the BTD designation is given. Observations are
at the drug-level and estimates are from negative binomial regressions. Additional controls include Fast Track status;
Accelerated Approval status; whether the drug is approved with a boxed warning; ATC class; and the year of initial
approval. Robust standard errors are in parentheses.

*p<0.10, *p<0.05, **p<0.001]
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Table C8: Impact of BTD Program: No Controls For Developer Type

Time-to-Market Adverse Event Rates
Reg Review Phase I.H to  Phase H. © > Months 3Months 4Months 5Months 6 Months
Reg Review 3 Reg Review
@ @ € (€ ©) 6) @ ®)
BTD -0.053 -0.116 -0.023 -0.805 -0.496 -0.262 0.131 0.113
(0.081) (0.121) (0.100) (0.521) (0.514) (0.511) (0.426) (0.506)
BTD x Post-2012 -0.062 -0.282** -0.260** 0.453 0.762 0.792 0.341 -0.073
(0.084) (0.144) (0.110) (0.650) (0.610) (0.607) (0.540) (0.594)
NDA -0.099* 0.022 -0.009 0.564 0.046 -0.078 -0.099 -0.433
(0.042) (0.083) (0.073) (0.377) (0.325) (0.301) (0.307) (0.324)
Priority Review -0.240" 0.021 0.024 0.219 0.300 0.475* 0.726** 0.890***
(0.045) (0.099) (0.076) (0.342) (0.279) (0.262) (0.273) (0.269)
Mean 258.09 1,457.5 2,225.22 1.75 2.46 3.97 4.09 4.54
Controls: Drug Characteristics Y Y Y Y Y Y Y Y
Controls: Disease Y Y Y Y Y Y Y Y
Observations 359 340 310 136 163 194 215 228
log likelihood -2130 -2708 -2542 -200 -281 -386 -421 -466

Notes: This table report estimates of the effect of the BTD program on time-to-market and adverse event rates in re-
gressions that do not control for developer type. Observations are at the drug-level and estimates are from negative
binomial regressions. Additional controls include Fast Track status; Accelerated Approval status; whether the drug is
approved with a boxed warning; ATC class; and the year of initial approval. Several columns show fewer than 359 ob-
servations due to missing data. Exponentiating the coefficients and differencing from one yield numbers interpretable
as elasticities. For example, the estimates in column 2 imply that drugs experience a decrease in number of days spent
between the start of Phase III and NDA submission after receiving BTD designation, a statistically significant 100 x
(exp[-0.282] — 1) = -24.57%. Robust standard errors are in parentheses.

*p<0.10, *p<0.05, **p<0.001]
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Table C9: Impact of BTD Program: OLS Specification

Time-to-Market Adverse Event Rates
Reg Review Phase I.H to  Phase H. © > Months 3Months 4Months 5Months 6 Months
Reg Review 3 Reg Review
) 2 ®) “) ®) (6) @) ®)

BTD -18.087 -156.115 -95.839 -1.640 -0.784 -1.903 -1.308 -2.611

(18.830) (172.973) (223.392) (1.182) (0.916) (1.315) (1.676) (2.205)
BTD x Post-2012 -11.916 -356.289* -532.372** 0.111 1.683 6.805** 5.657 6.100

(19.819) (211.957) (240.915) (1.326) (1.367) (2.938) (3.427) (4.375)
nda -27.581** 66.315 49.072 0.843 0.423 -2.252 -2.767 -4.502

(11.099) (117.242) (163.239) (0.610) (1.062) (2.468) (2.875) (3.724)
Priority (0/1) -61.925*** 52.583 91.219 0.633 0.182 1.078 2.360 3.500*

(12.363) (187.932) (209.280) (0.784) (0.702) (1.257) (1.542) (1.921)
Private Sponsor 11.451 328.042 326.385 -0.812 -0.039 -0.992 -0.585 0.213
0/1) (14.897) (238.876) (213.757) (0.910) (0.937) (1.121) (1.516) (1.818)
Mean 258.09 1,457.5 2,225.22 1.75 2.46 3.97 4.09 454
Controls: Drug Characteristics Y Y Y Y Y Y Y Y
Controls: Disease Y Y Y Y Y Y Y Y
Observations 359 340 310 136 163 194 215 228
R? 0.305 0.233 0.259 0.211 0.251 0.270 0.227 0.204

Notes: This table report estimates of the effect of the BTD program on time-to-market outcomes using OLS specifica-
tions. Observations are at the drug-level. Additional controls include Fast Track status; Accelerated Approval status;
whether the drug is approved with a boxed warning; ATC class; and the year of initial approval. Several columns show
fewer than 359 observations due to missing data. Robust standard errors are in parentheses.

*p<0.10, *p<0.05, **p<0.001
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Table C10: Impact of BTD Program: Restricted to 2010-2018 Approvals

Time-to-Market Adverse Event Rates

Phaselllto  Phase Il to
Reg Review 3 Reg Review

Reg Review 2 Months 3 Months 4 Months 5Months 6 Months

) 2 ®) “) ®) (6) @) ®)
BTD -0.024 -0.121 -0.083 -1.235** -0.826 -0.862 0.033 0.228
(0.100) (0.164) (0.126) 0.606)  (0.682)  (0.591)  (0.533)  (0.684)
BTD x Post-2012 -0.074 -0.296* -0.188 0.905 1.171 1.362** 0.416 -0.235
(0.098) (0.175) (0.130) 0.704)  (0.731)  (0.682)  (0.629)  (0.760)
Small Molecule -0.104** 0.021 0.019 -0.032 -0.201 -0.155 -0.154 -0.623*
(0.044) (0.100) (0.082) (0.392)  (0.310)  (0.305)  (0.330)  (0.336)
Priority Review -0.287*** 0.052 0.025 0.386 0.262 0.488* 0.787** 1.033***
(0.043) (0.114) (0.084) (0.379) (0.304) (0.274) (0.295) (0.299)
Private Firm 0.040 0.125 0.097 -1.777+* -0.558 -1.344** -1.039** -0.415
(0.062) (0.130) (0.089) (0.843) (0.503) (0.438) (0.449) (0.477)
Mean 261.97 1,528.82 2,351.97 2.07 2.88 4.65 4.72 5.2
Controls: Drug Characteristics Y Y Y Y Y Y Y Y
Controls: Disease Y Y Y Y Y Y Y Y
Observations 294 277 263 106 129 156 175 187
log likelihood -1710 -2227 -2176 -172 -244 -335 -370 -408

Notes: This table report estimates of the effect of the BTD program on time-to-market outcomes for the sample of
drugs approved between 2010 and 2018. Observations are at the drug-level and estimates are from negative binomial
regressions. Additional controls include Fast Track status; Accelerated Approval status; whether the drug is approved
with a boxed warning; ATC class; and the year of initial approval. Exponentiating the coefficients and differencing from

one yield numb

ers interpretable as elasticities. For example, the estimates in column 2 imply that drugs experience a

decrease in number of days spent between the start of Phase III and NDA submission after receiving BTD designation,
by 100 x (exp[-0.166] — 1) = -15.30%, though the effects are not statistically significant. Robust standard errors are in

parentheses.

*p<0.10, *p<0.05, **p<0.001

XXXV



Table C11: Fast Track as Placebo

Time-to-Market Adverse Event Rates
Reg Review Phase I.H to  Phase H. © > Months 3Months 4Months 5Months 6 Months
Reg Review 3 Reg Review
) 2 ®) “) ®) (6) @) ®)

Fast 0.114 0.080 0.055 0.462 0.537 0.400 0.690* -0.035

(0.095) (0.102) (0.083) (0.461) (0.441) (0.383) (0.377) (0.406)
Fast x Post-2012 -0.059 -0.062 -0.097 0.230 0.106 0.416 -0.168 0.548

(0.099) (0.135) (0.107) (0.518) (0.506) (0.456) (0.456) (0.478)
Small Molecule -0.071* 0.101 0.078 0.529 -0.035 -0.037 -0.121 -0.518

(0.043) (0.083) (0.066) (0.380) (0.316) (0.300) (0.307) (0.327)
Priority Review -0.282*** -0.042 -0.016 -0.015 0.231 0.575** 0.762** 0.910***

(0.044) (0.093) (0.070) (0.367) (0.259) (0.240) (0.257) (0.261)
Private Firm 0.040 0.148 0.128* -0.186 0.105 -0.693* -0.497 0.285

(0.052) (0.110) (0.077) (0.584) (0.408) (0.402) (0.399) (0.393)
Mean 261.01 1,461.24 2,232.33 1.73 2.59 4.07 4.17 4.6
Controls: Drug Characteristics Y Y Y Y Y Y Y Y
Controls: Disease Y Y Y Y Y Y Y Y
Observations 347 327 303 130 155 186 204 218
log likelihood -2068 -2612 -2487 -192 -271 -368 -396 -439

Notes: This table report estimates of the effect of the BTD program on time-to-market outcomes using drugs with Fast
Track status as a placebo. Observations are at the drug-level and estimates are from negative binomial regressions.
The sample for this analysis consists of 347 drugs. Additional controls include Fast Track status; Accelerated Approval
status; whether the drug is approved with a boxed warning; ATC class; and the year of initial approval. Robust standard
errors are in parentheses.

*p<0.10, *p<0.05, **p<0.001
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APPENDIX D: EXAMINATION OF PROGRAM EFFECTS

There are 2 channels that may impact clinical development times that we are likely capturing with our
estimates: (1) time trends (e.g., is regulatory review getting longer/shorter over our petiod of observation?) and
(2) program effects of the BTD itself (given that imputed BTD drugs did not benefit from the BTD). In this

Appendix, we probe the extent to which each of these channels drive our main findings.

Appendix Figure D1 shows phase 3 to submission, phase 2 to submission, regulatory approval over time.
Development times are clearly increasing over our period of observation. This figure is consistent with other
published statistics and supports using a difference-in-differences approach in regression analysis. In short,
channel 1 is likely playing a role in the observed data, so it needs to be accounted for in all analyses so as to
make sure that the focal estimates are only reporting on channel 2. In Appendix Table D1, we compare
outcomes for imputed non-BTD and true non-BTD drugs. The comparison of means in Panels B and C show
that P2 / P3 to submission is higher for true non-BTD, consistent with the time trend towards longer clinical

development times and again supporting the need for the difference-in-differences approach to analysis.

Figure D2 shows trends in mean outcomes for two samples: (1) true BTD vs. non-BTD and (2) imputed
and true BTD vs. non-BTD. Panels A and C document a clear level change in trends for BTD vs. non-BTD
drugs between 2006 and 2018. This provides support for channel 2. Panels B and D provides further support
for this channel: following 2012, true BTD drugs show a clear divergence away from the time trend towards

longer clinical development times.

To provide additional validity for our empirical strategy, Appendix Table D1 also compares characteristics
for imputed non-BTD and true non-BTD in Panel A. A comparison of sponsor research experience—as
measured by previous drug experience (as measured by the number of past FDA drug approvals obtained prior
to the focal drug approval)—reveals little differences across the two samples. Looking to the remaining drug
characteristics, Appendix Table D1 reveals several differences: imputed BTDs are more likely to be small
molecules and non-imputed BTDs are more likely to participate in the Priority Review and Fast Track expedited
programs. We directly control for differences in small molecule status and expedited program participation in

our regressions.
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Finally, Appendix Table D3 reproduces our main regression outcomes with additional controls for time
trends. The results are robust to this more granular way of controlling for changes in drug development over

time.
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Figure D1: TRENDS IN TIME-TO-MARKET
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Notes: This figure shows trends in time-to-market outcomes for the 396 drugs that are approved between 2006 and 2018.
Observations are at the drug-level. For more detailed data and variable descriptions, see Section 4.
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Figure D2: TRENDS IN TIME-TO-MARKET FOR BTD vs. NON-BTD SAMPLE
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Notes: This figure shows trends in time-to-market outcomes for the 396 drugs that are approved between 2006 and 2018.
Panels A and C show average time-to-market outcomes for true BTD and true non-BTD drugs. Panels B and C show
average time-to-market outcomes for imputed and true BTD and non-BTD drugs. Observations are at the drug-level.
For more detailed data and variable descriptions, see Section 4.
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Table D1: Summary Statistics: Imputed and True Non-BTD Sample

Imputed True
N =109 N =167

Mean SD Mean SD  P-Value
1) (2 (3) 4) (5)

Panel A. Drug Characteristics

Small Molecule (0/1) 087 034 079 041 0.09*
Priority Review (0/1) 030 046 049 050 0.00%**
Fast Track (0/1) 016 036 036 048 0.00%**
Accelerated Approval (0/1) 006 023 007 025 0.72
Black Box Warning (0/1) 042 050 033 047 0.12
ATC: Cancer (0/1) 028 045 028 045 1.00
ATC: Metabolism (0/1) 015 036 016 036 0.84
ATC: Antiinfectives (0/1) 006 025 013 034 0.07*
ATC: Nervous System (0/1) 015 036 011 031 0.34
Sponsor: Private Firm (0/1) 015 036 016 036 0.84

Sponsor: Research Experience (# Approved Drugs) 334 398 371 4.54 0.49
Panel B. Time-to-Market Outcomes

Regulatory Review (Months) 840 389 924 3.03 0.04*
Phase 2 to Regulatory Review (Months) 63.03 29.48 85.85 43.23 0.00**
Phase 3 to Regulatory Review (Months) 44.03 2321 5756 4479 0.00***
Panel C. Adverse Event Outcomes
Within 2 Months 121 316 220 453 0.21
Within 3 Months 131  3.02 287 483 0.03*
Within 4 Months 147 385 359 7.1 0.03**
Within 5 Months 125 314 378 8.9 0.02**
Within 6 Months 169 420 417 1082 0.06*

Notes: This table compares drug characteristics for true and imputed non-BTD drugs. All variables are measured at
the drug-level. For example, “NDA to Approval (Months)” is the average number of months that a drug spends be-
tween NDA submission to approval. The top 4 most common ATC classes are shown. ATC categories that are not
shown include: alimentary tract and metabolism; anti-infectives for systemic use; antineoplastic and immunomodulat-
ing agents; antiparasitic products, insecticides and repellents; blood and blood forming clots; cardiovascular system;
dermatologicals; genitourinary system and sex hormones; musculo-skeletal system; nervous system; respiratory sys-
tem; sensory organs; systemic hormonal preparations; and various. Column 5 presents p-values from t-tests comparing
the difference of means.

*p<0.10, *p<0.05, **p<0.001
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Table D2: Summary Statistics: Imputed and True BTD Sample

Imputed True
N=23 N =60

Mean SD Mean SD  P-Value
1) (2 (3) 4) (5)

Panel A. Drug Characteristics

Small Molecule (0/1) 048 051 057 050 0.48
Priority Review (0/1) 091 029 098 0.13 0.13
Fast Track (0/1) 043 051 050 050 0.60
Accelerated Approval (0/1) 017 039 035 048 0.12
Black Box Warning (0/1) 057 051 .23 043  0.00***
ATC: Cancer (0/1) 0.65 049 0.57 0.5 0.48
ATC: Metabolism (0/1) 0.00 000 007 025 0.21
ATC: Antiinfectives (0/1) 004 021 015 0.36 0.19
ATC: Nervous System (0/1) 0.13 034 007 025 0.36
Panel B. Time-to-Market Outcomes
Sponsor: Private Firm (0/1) 0.17 039 012 032 0.50

Firm Experience (# Approved Drugs) 2.65  3.49 5.6 5.71 0.02**
Panel C. Adverse Event Outcomes

Regulatory Review (Months) 658 197 713 197 0.26

Phase 2 to Regulatory Review (Months) 5899 25.65 5848 33.34 0.95

Phase 3 to Regulatory Review (Months) 33.71 1729 3251 2657  0.85

Within 2 Months 110 157 210 278 0.37
Within 3 Months 1.09 183 421 583 0.12
Within 4 Months 129 162 10.66 1435  0.05*
Within 5 Months 221 385 11.35 1744  0.08*
Within 6 Months 258 474 1225 2203 0.13

Notes: This table compares drug characteristics for true and imputed BTD drugs. All variables are measured at the
drug-level. For example, “NDA to Approval (Months)” is the average number of months that a drug spends between
NDA submission to approval. The top 4 most common ATC classes are shown. ATC categories that are not shown in-
clude: alimentary tract and metabolism; anti-infectives for systemic use; antineoplastic and immunomodulating agents;
antiparasitic products, insecticides and repellents; blood and blood forming clots; cardiovascular system; dermatolog-
icals; genitourinary system and sex hormones; musculo-skeletal system; nervous system; respiratory system; sensory
organs; systemic hormonal preparations; and various. Column 5 presents p-values from t-tests comparing the differ-
ence of means.

*p<0.10, *p<0.05, ***p<0.001

xlii



Table D3: Impact of BTD Program: Controlling for Time Trends

Time-to-Market Adverse Event Rates
Reg Review Phase IH to Phase H. © > Months 3Months 4Months 5Months 6 Months
Reg Review Reg Review
@ @ ®G) 4) (©) (6) @) ®)

BTD -0.055 -0.135 -0.026 -0.794 -0.499 -0.227 0.158 0.107

(0.081) (0.121) (0.100) (0.516) (0.514) (0.529) (0.435) (0.500)
BTD x Post-2012 -0.058 -0.258* -0.255** 0.463 0.765 0.766 0.331 -0.078

(0.084) (0.144) (0.111) (0.651) (0.612) (0.618) (0.543) (0.588)
Small Molecule -0.094** 0.024 -0.000 0.584 0.051 -0.001 -0.013 -0.468

(0.042) (0.084) (0.073) (0.376) (0.327) (0.301) (0.317) (0.334)
Priority Review -0.240** 0.014 0.023 0.211 0.301 0.470* 0.723** 0.901***

(0.045) (0.095) (0.075) (0.342) (0.280) (0.259) (0.269) (0.270)
Private Firm 0.065 0.128 0.145* -0.610 -0.064 -0.842* -0.633 0.224

(0.056) (0.110) (0.079) (0.654) (0.456) (0.405) (0.397) (0.413)
Mean 258.09 1,457.5 2,225.22 1.75 2.46 3.97 4.09 4.54
Controls: Drug Characteristics Y Y Y Y Y Y Y Y
Controls: Disease Y Y Y Y Y Y Y Y
Observations 359 340 310 136 163 194 215 228
log likelihood -2129 -2707 -2540 -200 -281 -384 -420 -466

Notes: This table report estimates of the effect of the BTD program on time-to-market and adverse event rates in re-
gressions that additionally control for time trends. Observations are at the drug-level and estimates are from negative
binomial regressions. Additional controls include Fast Track status; Accelerated Approval status; whether the drug is
approved with a boxed warning; ATC class; and the year of initial approval. Several columns show fewer than 359 ob-
servations due to missing data. Exponentiating the coefficients and differencing from one yield numbers interpretable
as elasticities. For example, the estimates in column 2 imply that drugs experience a decrease in number of days spent
between the start of Phase III and NDA submission after receiving BTD designation, a statistically significant 100 x
(exp[-0.258] — 1) = -22.74%. Robust standard errors are in parentheses.

*p<0.10, *p<0.05, ***p<0.001
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