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Abstract

Off-label use regulation has the potential to change pharmaceutical firms’ behavior
and—consequently—affect patient welfare. We investigate the impact of two changes
in off-label regulation on pharmaceutical firms’ behavior in seeking formal market-
ing approval for supplementary uses. In 2012, a US court decision protected truthful
off-label promotion, providing pharmaceutical companies more leeway to promote off-
label uses of their drug. Similarly, in 2011, France passed a new system for monitoring
off-label uses in anticipation of formal approval. Using a unique data set of pharma-
ceutical firms’ research and development projects, we exploit these regulatory changes
to understand how firms react to government policies. Results demonstrate that firms
responded to the US policy providing lower incentives to submit supplemental uses for
formal approval. The results do not evince any reaction to France’s stringent—but
poorly enforced—regulation. These results have implications not only for innovation

policy but for the creation of high-quality data for certain indications.
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1 Introduction

All developed countries require pharmaceutical companies to receive approval for at least
one drug use before the drug is marketed. The extent of this approval process varies by
country, but the requirement to complete a market authorization process is uniform. Regu-
latory agencies approve drugs only for the specific indications requested by pharmaceutical
companies, not for general use.

A company’s decision to submit a drug use for formal approval considers common factors:
the relevant costs of approval (e.g., cost of scientific studies, administrative procedure, and
government incentives to innovate) and benefits of approval (e.g., expected market size and
price). The types of costs and benefits, however, differ based on whether the approval is
the first for the drug (an “original” approval) or an additional approval (a “supplemental”
approval).

For an original use, formal approval grants access to the market for the drug substance,
as unlicensed use of a drug is uniformly illegal. Once a drug has been approved for one
indication, however, its prescription and consumption for a disease for which it was not
approved is considered legal by most countries, a phenomenon known as “off-label” use.|I|
Physicians are generally free to prescribe drugs for off-label uses, not just approved uses.
The continued access to the market constitutes a significant difference for supplemental
uses.

While off-label prescription is generally legal, most countries have placed restrictions on

the ability of pharmaceutical companies to advertise off-label uses to physicians through a

LOff-label prescription can refer to the prescription of a drug for a different population, in a different
dose, or for a different disease (hereinafter “indication”) than that for which it was formally approved. This
paper will concentrate on the prescription of drugs for different indications.



process called “detailing” or “promotion”. While promotion is legal for on-label uses in most
countries, most countries rely on restricting pharmaceutical promotion of off-label uses to
providersﬂ under the rationale that pharmaceutical companies have too great an incentive
to falsely represent off-label uses of their drug for economic purposes.ﬁ

Countries’ willingness to allow off-label prescription reflects the tension between two
interests: 1) access to innovative treatments and 2) the creation of new scientific informa-
tion. Given the expense and delay associated with formal approvalﬁ waiting for potential
treatments to receive approval can unnecessarily limit physician practice of medicine: physi-
cians seeking alternative cures for patients for whom approved treatments have failed—or
for whom approved treatments are not well-tolerated—may demand medical alternatives,
which off-label uses supply. Indeed, off-label use is very common. The most comprehensive
study on off-label prescriptions, using nationally representative data, found that among the
160 most commonly prescribed drugs in the U.S., off-label prescriptions account for approx-
imately 21% of overall use (Radley et al. 2006). It reports that off-label uses comprise 46%
of cardiac therapies, 46% of anticonvulsants, 42% of antiasthmatics, 34% of allergy thera-
pies, and 31% of psychiatric therapies. This high prevalence reflects the potential benefits
associated with allowing physicians greater freedom in their prescription decisions. Tuncel
(2023)) shows that among French general practitioners 21% of drugs prescribed for depression
treatment are off-label drugs and that, in terms of health outcomes, such uses are not worse
than approved alternatives.

On the other hand, rigorous scientific study is often only undertaken in order to receive
regulatory approval. Not all scientific data are created equal: robust evidence of efficacy and
safety is best created by double-blind, randomized controlled study. Moreover, large-scale

studies have better chances of identifying rarer safety risks. Such expensive studies are most

2This paper will not focus on direct-to-consumer advertising, but it is worth noting that most countries
prohibit direct-to-consumer advertising in general, with the United States being a notable exception.

3Countries also often restrict reimbursement of off-label uses.

4Notably, the US government has attempted to create incentives to do so by subsidizing applications for
drugs targeted to rare diseases [Yin| (2009).



likely to be undertaken by pharmaceutical companies in pursuit of formal approval. Given
that pharmaceutical companies are not required to present results to justify off-label uses
of their drug, rigorous evidence regarding the safety and efficacy for off-label uses is scarce.
Radley et al. (2006) report that only 27% of off-label uses were supported by strong scientific
evidence. In other cases, physicians rely on inferences from formal approval of a drug in a
similar class or reports of documented side effects of the drug. Physicians may also rely
on small-scale studies or anecdotes from colleagues to attempt a novel treatment. This is
neither the most robust way to support a treatment decision nor a proper incentive for the
creation of better public scientific information about a use.

Against this backdrop, this paper focuses on two distinct changes in off-label drug use
policy. The United States recently relaxed its restrictions on off-label promotion based on
the theory that such promotion is protected by the First Amendment. After a circuit ruling
extending this protection to off-label promotion, increasing the relative benefits associated
with keeping a use off-label, we expect that firms are subsequently less likely to apply for
formal approval for supplemental uses. The second regulatory change occured in France.
With a system of registration and tracking off-label uses, France attempted to create trans-
parency for off-label uses by creating an observation window of up to 3 years before approval.
While this regulation had the potential to restrict off-label prescriptions, lax enforcement
can undermine this change in expectations—even potentially providing an incentive to keep
uses off-label.

Using a unique data set listing the research and development projects for pharmaceuti-
cal firms, this paper exploits these regulatory changes in the United States and France to
understand the effect of government incentives on firms’ decisions to submit uses for formal
approval. We find that the expectation of more relaxed off-label promotion regulations led
to a lower hazard of formal supplemental approval in the US. These results are robust to
a variety of specifications and to within and across country comparisons. We do not find

evidence of a change in hazard of approval in France after the change in regulation.



This paper adds to the prior literature on incentives to innovate. It is well-documented
that firms strategically respond to government incentives to bring products to market. Cock-
burn et al.| (2016)) analyze this issue in the context of drug launches across countries. Focusing
on the effects of price regulation of pharmaceuticals and corresponding patent protection,
Cockburn et al.| (2016)) find that the former delays launch while the latter accelerates it. Sim-
ilarly, |Yin| (2009)) considers government in the context of the Orphan Drug Act (“ODA”),
which provided monetary incentives to pharmaceutical companies to develop drugs for suffi-
ciently rare indications. Yin documents that pharmaceutical companies responded perversely
to this incentive by developing drugs for “rare”, ODA-qualifying subdivisions of non-rare dis-
eases. Such perverse reactions to new government regulation is also documented in |Gentry
and McMichael (2020), which examines the response of device manufacturers to newly im-
munized products liability in response to a Supreme Court decision. |Gentry and McMichael
(2020) present evidence consistent with manufacturers bringing more high-risk products to
market after the Supreme Court decision, seemingly in response to the change in liabil-
ity regime. Against this backdrop, this paper explores the effect of differences in off-label
regulation on firm incentives to submit pharmaceuticals for formal approval.

The paper proceeds as follows: Section [2 discusses our conceptual model, the regulatory
background surrounding off-label use, and our empirical strategy. In particular, the section
describes the policy changes enacted during the study period, and the consequent effect only
on supplemental—rather than original—uses, to identify the effect of such policy changes
on firm incentives. Section [3| describes the data, and Section [4] presents evidence consistent

with firms strategically responding to such policy incentives. Section [5| concludes.



2 Background and Conceptual Model

2.1 Conceptual Model

The conceptual model underlying our analysis is fairly straightforward. When deciding
whether to submit a use for formal approval, a firm weighs the expected costs of approval
against the comparable benefits. For the first approval of a drug, the “original” approval,
the benefits are extensive. Since no developed country allows for prescription of unapproved
drugs, initial approval represents access to the market. If the expected sales exceed the costs
of approval, a firm should file for formal approval.

After an initial submission, however, the calculus shifts. Given that most developed
countries do not restrict the prescription of drugs for off-label purposes, firms can still make
money off off-label uses. Rather than deciding whether to file for approval or not sell a
drug, firms decide between filing for approval or leaving the use off-label (while still selling
the drug). In order to continue making money on off-label uses, however, pharmaceutical
companies must persuade physicians to prescribe off-label. To do this, firms generally engage
in direct-to-physician promotionE] In countries where such promotion is illegal, companies
risk large penalties for engaging in such conduct. Accordingly, such behavior is costly and
reduces expected benefits of sales.

Once direct-to-physician promotion is protected, however, the cost of keeping drugs off-
label declines. Accordingly, drug uses for which the benefits of approval only marginally
justified the costs may no longer be submitted, as costs of approval remain the same but
the expected benefits drop. This should result in a marginally lower likelihood of submitting
supplemental uses for formal approval.

We exploit the general regulatory approval process in order to isolate the marginal effect

of the policy changes in the US and France on pharmaceutical companies’ strategic decisions.

5 Additionally, in countries where direct to consumer promotion is legal for approved uses, pharmaceutical
companies may face larger incentives to file for formal approval.



A drug typically completes 4 stages before approval{f] The preclinical stage generally involves
animal testing. Phase I includes small samples, generally testing for issues of safety. The
study focuses on frequent side effects and understanding how the drug is metabolized. Phase
IT expands the scope to a larger group of individuals, focusing on efficacy. Comparisons
between the developing drug and either a placebo or other drugs provide the basis for these
controlled trials. Phase III is conducted over the largest sample, generally several hundreds
to several thousands. During this stage, more information on safety and effectiveness is
collected, along with information on dosages and interactions with other drugs. After Phase
ITI, the pharmaceutical company will formally ask for approval. Given this established
approval process, because we are interested in understanding a pharmaceutical company’s
decision to file for approval once it believes a use is viable, we condition on the date associated
with Phase III status and estimate the hazard that the use is approved.[]

Three important assumptions underlie our analysis. First, we only observe approvals and
not submissions. Data on submitted-but-not-approved drug applications are not available, as
the FDA has a policy of not acknowledging or disclosing such information. To accommodate
this limitation, we use approval data; our results are informative of submission behavior as
long as the difference over time in the number of submitted but not approved applications is
equal for original and supplemental applications. We think this is a reasonable assumption
given that pharmaceutical companies are repeat players and have reasonable beliefs about
the approval standards.

Our second assumption is as follows: while the pre-approval process can vary across
countries (i.e., pharmaceutical companies may reach different stages in different countries at
different times), we treat this process as unitary. We are only interested in the difference
in approval by country, not in any of the preceding steps. We do this because we are

predominantly interested in the current information a company has regarding the efficacy

Shttps://www.fda.gov/media/82381/download

"The Phase III dates we extract are associated with the beginning of Phase III. However, that means that
companies have general evidence of safety and effectiveness from the prior phases and are deciding whether
to continue to formal approval. We drop any observations with missing Phase III dates.


https://www.fda.gov/media/82381/download

of the drug. If they know that it is Phase III ready in one country, this is constructive
knowledge applicable to its process in other countries.

Our identifying assumption is that the aforementioned changes in off-label regulation
only affect the decision to file for supplemental approval, not the decision to file an original
approval. We think this is reasonable because the restrictions on unapproved substances do
not change during this period; in order for a drug to reach the market, it must receive an
original approval. We use this fact to perform a simple differences-in-differences analysis,
focusing on the change in US and French policy.

One potential effect of off-label regime changes, however, is that it increases the potential
profits of a drug by eliminating approval costs for the supplemental use and allowing for
some additional revenues from promoting the use to physicians. Insofar as this transforms
a previously-unprofitable original use into a profitable one, original uses may be more likely
to be submitted for approval, violating our third assumption. While this is theoretically
possible, it seems empirically rare for our study. For such a case, the original use, prior
to the regulatory change, is itself unprofitable. Given that the original use is more likely
to receive patent protection and market exclusivity, this seems unlikely. Moreover, since
off-label prescription is allowed pre-Caronia, the original use must be so unprofitable, that
its expected plus pre-Caronia off-label prescription must be also unprofitable. Moreover,
since none of the supplemental uses are submitted as original uses, each are individually
unprofitable. Essentially, this requires that the increase in revenues from physician promotion
to be sufficiently large to subsidize prior unprofitable uses (both with and without off-label
prescription). This is most easily satisfied for drugs for which original plus off-label use profits
were just barely negative. Since our analysis condition on reaching Phase III, the relevant
changes should happen at Phase III. For supplemental uses, this is the optimal stage for
this strategic decision: armed with clinical information about the supplemental use, a firm
simply decides to forego filing for approval. For an original use, however, this is a late stage

for a drug with otherwise-unprofitable uses to reach. While the general increase in profits



may manifest into marginal movement for previously unprofitable drugs, we expect most of
this movement to occur earlier in drug development. The probability of filing conditional on
reaching Phase III should not be empirically changed.

Insofar as this is not trueﬁ however, this would suggest that the original approvals would
not function well as a control group. To address this, we move to a triple differences model,
and we capture the total increase in original approvals/decrease in supplemental approvals

implied by the regulatory change.

2.1.1 Changes in United States Policy

The United States has historically allowed for off-label prescription but cracked down on
direct-to-physician promotion of off-label use by pharmaceutical companies. In the United
States, off-label promotion was presumptively illegal under the Food, Drug, and Cosmetic
Act (FDCA)J| The Food and Drug Administration (“FDA”) considered a pharmaceutical
company promoting a drug for any purpose other than that for which it received approval
as a type of “misbranding,” punishable by civil and criminal penalties. This interpretation
continued, though years of First Amendment jurisprudence slowly chipped away at the foun-
dations.lﬂ In 2012, however, a major court decision changed the expectations of liability for
off-label promotion. In United States v. Carom’aﬂ the Second Circuit Court of Appeals
created a schism from prior jurisprudence, holding that truthful off-label promotion, even
by pharmaceutical companies, is protected under the First Amendment. While false or in-
herently misleading promotion would not fall under this protection, the government did not

allege that the promotion in question was either false or misleading, though there may have

8Notably, the violation of this assumption would be further evidence of the hypothesized sensitivity to
reduced liability, making the total effect that on original and supplemental uses.

9Title 21 United States Code §352.

0Tnsofar as pharmaceutical companies updated their beliefs of expected liability through related litigation,
we may underestimate the cumulative effect of the change in misbranding liability for off-label promotion
overall.

HDecision of United States Court of Appeal, Second Circuit, Volume 703 Federal Reporter 3d 149 (2012).



been room to do so (Philip, |2014; Robertson, 2014)H

While the Second Circuit’s decision was not formally binding on the entire country[™| it
did provide a credible signal to pharmaceutical companies nationwide. Following the hold-
ing, the FDA chose not to appeal the decision, signaling that it did not expect to win at
the Supreme Court level. Moreover, a similar case was brought with the same holdings,
further supporting the jurisprudenceE A recent analysis of jurisprudence following Caronia
found that of 42 cases discussing Caronia in connection with off-label promotion, 22 adopted
Caronia and 11 distinguished the case on the facts (Liu et al., 2021).@ Accordingly, despite
Caronia being a Circuit Court decision, the FDA’s actions, and subsequent litigation, in-
dicates that pharmaceutical companies should feel marginally more able to market off-label
uses of their drugs as long as the information conveyed falls into the ambiguous category of
“truthful.” Insofar as marketing increases the expected market size of a given drug, Caro-
nia allowed pharmaceutical companies to gain market size without incurring either approval
costs or legal liability.

While there are small developments in FDA law during this period, they either affect

both original and supplemental approvals or bias against our results. In 2012, the Food and

12Note that misbranding is not the only form of liability potentially imposed on firms related to off-
label promotion. The government sometimes brings suit against pharmaceutical companies under the False
Claims Act (FCA), a fraud statute that prohibits people from submitting claims for reimbursement to the
government that are false or fraudulent. For off-label promotion, FCA claims allege that pharmaceutical
companies fraudulently cause a claim for reimbursement to falsely be presented to the government. The
specifics of these claims are unclear because most companies settle with the US government rather than take
the case to trial. While there have been some changes to the interpretation and execution of FCA claims
during this time, these are not targeted to off-label promotion.

If off-label liability under the FCA is otherwise unchanged during this time, our results measure the
marginal effect of the change in misbranding liability for off-label promotion against the backdrop of other
potential liability. If FCA liability gets more stringent, our results would be understated. If instead FCA
liability for off-label promotion became more limited after Caronia, this most likely would be because of
Caronia (i.e., courts may no longer allow off-label promotion to serve as a basis for the FCA claim because
it is no longer considered misbranding under Caronia). Insofar as this is the case, this would be an indirect
effect of the change in misbranding liability, which we correctly capture.

13Circuit opinions are only binding within the Circuit.

4 Amarin Pharma, Inc. v. U.S. Food & Drug Admin., 119 F. Supp. 3d 196, 226 (S.D.N.Y. 2015)

5These distinctions followed 2 major approaches: distinguishing the procedural posture (state tort claim
for compensation by injured individuals) from that of Caronia’s (criminal conviction under the FDCA) or
distinguishing the truthfulness of the speech (actual falsity categorically not protected by the First Amend-
ment) from the speech at issue in Caronia (truthful speech). Of the 9 cases not following Caronia, 4 adhered
to their jurisdiction’s prior holding (Liu et al.| |2021]).
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Drug Administration Safety and Innovation Act (FDASIA) added another track for priority
review: breakthrough therapy designation. However, this status applied to both original
and supplemental approvals.ﬁ In 2016, Congress passed The Medical Cures Act, which
broadened the type of evidence that could be submitted as part of a drug applicationﬂ
According to the FDA “real world evidence can be generated by different study designs
or analyses, including but not limited to, randomized trials, including large simple trials,
pragmatic trials, and observational studies (prospective and/or retrospective).”m Insofar as
real-world evidence reduces the cost of approval, this could make filing for formal approval
marginally more attractive after 2016. Theoretically, real-world evidence may be more likely
to be used to support supplemental uses because it would be easier to collect real-world
evidence after an initial approval. Insofar as this decline in cost is bigger for supplemental
uses, this should only bias against our hypothesized effect of fewer supplemental submissions
after Caronia.

With this newfound ability to market uses that remain off-label, a major concern emerges
as to why pharmaceutical companies should try to submit supplemental uses for formal
approval. When off-label promotion was illegal, the ability to openly and freely disperse
information remained a major reason to undertake this cost. With this distinction eroding,
pharmaceutical companies may be marginally less likely to incur the cost of supplemental

approval and leave new uses off-label.

16Tn 2019, 26 uses were approved through the breakthrough therapy designation, 12 of which were supple-
mental uses. fda.gov/media/95302/download.

1"The statute provides that “The Secretary shall establish a program to evaluate the potential use of real
world evidence— “(1) to help to support the approval of a new indication for a drug approved under section
505(c); and “(2) to help to support or satisfy postapproval study requirements” 21 U.S.C. 355g. The section
allows for real world evidence to be used in other contexts as well, at the Secretary’s discretion and notes that
this should not be construed as changing the standards of period for consideration or grounds for refusing
or approving an application.

8https://www.fda.gov/science-research/science-and-research-special-topics/
real-world-evidence
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2.1.2 Changes in French Policy

During recent years, France has experienced its own change in policy regarding off-label
prescription. Prompted by the Mediator scandal, in which a diabetes drug caused sometimes-
fatal valvular heart disease, France passed a law in December 2011 aimed at monitoring
off-label prescriptions (Emmerich et al.,|2012)). The “Temporary Recommendations for Use”
(“TRUs”) decree established a process for limiting off-label use and temporarily supervising
prescriptions for off-label indications. The objective of the process was to open an observa-
tion window (maximum of three years) in order to assess the benefits and risks of marketed
drugs for off-label indications. Pharmaceutical companies bore the responsibility to track
prescriptions of their drugs with a TRU and report any unusual prescriptions. The issuance
of a TRU also depended on the inherent safety of the drug, quality of existing scientific infor-
mation, and the severity of the illness (Emmerich et al.; 2012)). After the French government
realized that being too restrictive on regulation of off-label prescriptions creates financial
cost, France amended the policy in 2014 to allow a TRU to be issued even if a therapeutic
alternative is available, as long as the alternative does not share the active substance, dosage,
and form. Similarly, the ability to prescribe was broadened slightly.

While the proposed regulation was theoretically restrictive, the institution of the TRU
regime had ambiguous effects on off-label prescriptions. The regime still acknowledged a
physician’s ability to prescribe off-label for specific patients, though it aimed to limit such
prescription (Emmerich et al., 2012). The regulation itself seemed to both increase and
decrease off-label prescription. Anticipated effects were mixed: one scholar opines that
the TRU worked to liberalize off-label policy (Degrassat-Théas et all [2015) while another
scholar anticipated that off-label use would be restricted because “the off-label prescription
rules will be binding for physicians and could restrict access to off-label drugs by patients as
their reimbursement will be restricted.”

Empirical evidence on this policy has suggested that prescribers largely ignored TRUs in

their prescription patterns. While very few drugs have actually received TRUs (Degrassat-
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Théas et al., 2015)F_gl off-label prescription has not seemed to drop considerably. A survey
of twenty-three general practitioner offices in France in 2015-2016 found that 18.5% of drug
prescriptions were for off-label purposes (Drogou et al., [2019). The study noted that the
TRUs were “intended for specific groups of patients and rare diseases, and does not really
concern [general practitioners|.” Similarly, a 2015 survey studied pharmacists’ understanding
of the prescription of baclofen for alcohol dependence, the first TRU to be issued (in 2014)
(Auffret et al., [2018). The survey found that despite 81% of the pharmacists knowing that
the TRU had been issued for baclofen, 65.7% of responding pharmacists had never seen
“TRU” written on the prescription. Despite this, the pharmacists continued to dispense
the drug. The same study noted that including patients in a TRU is often burdensome for
practitioners, who continue to prescribe the off-label use without monitoring the patients.
If physicians largely did not change prescription habits in response to TRUs, pharmaceu-
tical companies may rationally leave their submission strategy unchanged. Indeed, insofar
as the TRU allows an additional three-year observation window, pharmaceutical companies
may choose to postpone formal approval (Degrassat-Théas et al.,[2015)). This effect, however,
will be more difficult to isolate, given France’s relatively small impact on global pharmaceu-
tical sales. This exercise presents a first pass at estimating sensitivities over the full sample

of drugs.

2.2 Empirical Strategy

Our main specification is a difference-in-difference hazard rate model of approval

h(t)ia = ho(t)exp(X'P) (1)

YTndeed, only 3 drugs received TRUs by the end of 2014 (Covington and Burling, [2015).
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such that

X'B =0+ a+ foX] + BiX{ )
+BaSupplemental;q; + P3O LDU, + B4Supplemental;y; x OLDU,

where Supplemental;q is an indicator variable for whether the use of drug d for indication ¢
in year t is considered supplemental. OLDU is a generalization of either Off-Label Drug Use
(OLDU) regulatory change, Caronia in the US or TRU in France. Caronia; is an indicator
for whether t is after the Caronia holdingm and T'RU; is an indicator for whether ¢ falls
after the TRU regime was passed. Because these specifications only consider changes within
the US or France, no country interactions are necessary. With X} we control for disease
indication-time specific variables such as the prevalence of disease ¢ in year ¢ in the country
or the competition level in the market of disease 7 in year t. X stands for drug-time specific
variation such as patent life of drug substance d. We also include indicator variables for year
t, and ICD classification of the indication i under study] Prevalence of disease i controls
for the potential market size of such indication in the country, which is likely to positively
affect approval. The coefficient of the interaction of the indicator variable Supplemental;y,
with the dummy variable of the regulatory change should identify the relative impact of the

policy change on the hazard of approval of supplemental indications.
In contexts considering comparisons across countries, ¢, we move to a triple difference

model:

X'B=06; + v+ o+ Bo X}, + B X[+
BoSupplemental;gey + B3OLDU; + BySupplemental;gey X OLDU+
BsSupplemental;gey X ChangeCountry + BeOLDU, x ChangeCountry+

BrSupplemental;qgy X OLDU; x ChangeCountry

20 Caronia came down on December 3, 2012.
21Each observation is associated with a specific indication; however, for the sake of estimating fewer fixed
effects, we aggregate these indications into broader ICD codes.

14



where OL DU, again refers the period of time corresponding to either C'aronia; or T'RU; and
ChangeCountry is an indicator for the country of the policy change, either US or France.
Note that C'aronia; and T RU, are constructed as in equation and are interacted with the
relevant country of change. 7. is a country-specific fixed effect. X7, represents indication-
country-time specific variables such as the prevalence of disease 7 in country ¢ and year ¢t. The
parameter 37 signifies the relative change between original and supplemental approvals in
US/France after Caronia/TRU relative to the comparable change in the difference between

original and supplemental approvals in other countries.

3 Data and Descriptive Statistics

3.1 Research and Development Data

The main source of data is from Citeline, Informa Pharma Intelligence”] This data lists
the unique drug products for companies engaging in research and development. For each
drug substance, we observe the diseases (“indications”) for which it is being developed, the
status of each disease worldwide, and key events in the development process. Using a string-
processing algorithm, we use the data to estimate the dates of approval for each disease for a
sample of countries. A full description of the data fields provided by Citeline, and the specific
process by which we use these to produce indication-country specific dates, are outlined in
the Data Appendix.

Using this data and algorithm, we construct a dataset in which a single observation is a
unique drug-indication-country entry. Only observations with non-missing Phase III dates
are retained. We limit observations to those with Phase III dates between 2000 and the date
of download (February 2019). For countries who are members of the EU, we impute EU

dates if they precede the national dates of approval ]

22This data was downloaded in February 2019.
23This data also provides information on whether a drug obtained a expedited review designation or orphan
drug status. We consider these designations granted if the date associated with them is not missing.
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In order to operationalize this rich data, we crosswalk the indications listed in Citeline
to ICD-10 codesP? We do this through a mixture of automated string matching and manual
matching. This allows us to control for differences in hazard of approval by broad disease

categories.

3.2 Drug Classification

In order to account for differences in hazard of approval by drug characteristics, we use
3 strategies. First, we group based on generic names using the International Nonproprietary
Names (INN) stems and prefixes established by the World Health Organization. While a
nonproprietary name could belong to more than one category, based on prefixes and stems,
we only place it in one category. Where no generic name was availablelﬁ we crosswalk based
on listed mechanism of action to generic stems.

The second and third approaches involve principal factor analysis to reduce a set of
nonexclusive indicator variables into a smaller number of factors using therapeutic class and
mechanism of action, respectively. Therapeutic class categorizes the type of pathologies each
drug is meant to treat, and a drug substance can be associated with multiple therapeutic
classes. For mechanism of action, we simplify the listed mechanism of actions into groups
corresponding to the type of enzyme targeted by the compound as well as information about
the systems it affects’| This still leaves us with a large number of indicator variables/"|
Using these indicator variables, we perform a principal component analysis to condense
the variation in therapeutic class and the mechanism of action indicators into 30 and 40
factors, respectively. The following analysis uses each of the three approaches to control for

differences in drug substance.

24Some of the interactions could not be matched to a broad ICD code. These are retained in the following
analysis, under an “Unassigned” ICD category.

25Sometimes a drug is too preliminary or only have alphanumeric names.

26We group mechanism of actions into the type of ezyme targeted (without considering whether it is an
antagonist or agonist).

2"We do not include mechanism of action categories that apply to five or less drug entities to preserve
degrees of freedom.
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3.3 Competition Data

To control for potential competitors in a given indication, we use the Citeline data itself.
Relevant competition is a very difficult measure to capture, as new markets are not always
precisely defined. Our measure of competition is denoted by the number of substances
each year that reaches Phase III in a given ICD categoryF_g] We then merge this data
into the Citeline data by year and ICD group. This is a much more detailed measure of
competition than can be found outside of the data, as we observe development of specific
indications (rather than therapeutic classes, which do not always line up with indication). By
only looking at indications reaching Phase III, we cull some noise of experimentation. This
measure of competition necessarily assumes that firms are aware of projects that competitors
have in the pipelines. Given the level of repeated play between pharmaceutical companies

and that they usually have access to Citeline data, we think this is a reasonable assumption.

3.4 Disease Prevalence

The decision to file for formal approval depends on the expected market size for a drug
(Acemoglu and Linn) 2004; Dubois et al., [2015). For a sufficiently large market, it may
make more sense to incur the costs of formal approval, all else being equal. To capture a
measure of the prevalence of the disease targeted, we incorporate data from the Institute
for Health Metrics and Evaluation at the University of Washington. We use their Global
Health Data Exchangd™]tool to collect information on disease prevalence. We then use string
and manual matching to associate this information with the indications in the Citeline data.
Since the GHD data is less detailed than the indications in the Citeline data, we classify each
indication as falling within broader GHD disease categories "] While we would ideally prefer

a more detailed measure of prevalence, the broad categories provide a measure of potential

28We represent this value in terms of hundreds for ease of coefficient interpretation.

29This data was downloaded on March 2021 from http://ghdx.healthdata.org/gbd-results—tool.
The data is available from 1990 to 2019.

30Gpecifically, we group indications as falling within the level 2 classification of causes in the GHD data.
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use, while ensuring that all indications are on the same playing field.

For our prevalence measure, we use nominal prevalence data, defined as the total number
of cases in the population@ We chose this measure because it not only gives the relative
importance of the disease within the country but also provides a sense of the cross-country
relative size of affected population. If a country has a large population but a small incidence
of the disease, pharmaceutical companies may value the country’s regulations less strongly.
Conversely, even if a country is relatively small, if it has a sizeable affected population, a
pharmaceutical company may choose to file for formal approval, given country regulations.

In addition to the GHD data, we also incorporate data on mortalities from the World
Health Organization (WHO). As number of mortalities captures the most severe impact of
a given indication, this should supplement the prevalence data. The data uses deaths from
national vital registration systems and lists the causes of deaths for various age groups and
sex. We use the death count for all ages and sexes for a country in a given year.ﬁ For
some countries, some years of data are missing. In order to account for this, we impute the
prevalence of the most recent preceding year. The availability of this data varies by year,
country, and level of ICD detail. Using our indication-ICD code crosswalk, we crosswalk
indications to any 3-digit ICD code associated with it. Our program aggregates deaths

across the range of ICD codes associated with each indication.

3.5 Patent Expiration

The remaining time on a given patent can affect a firm’s decision process. If the firm feels
that the supplemental use can create additional patent rights, a shortened time to expiration
may spur a company to file for supplemental approval. Conversely, when more time remains
on the patent, supplemental approval may not be necessary to maintain exclusivity. We use
data from the PAIR database (Public Patent Application Information Retrieval of US Patent

and Trademark Office) and match it to US patents listed in Citeline. Taking the latest filing

31We represent this value in billions for ease of coefficient interpretation.
32We represent this value in hundreds of thousands for ease of coefficient interpretation.
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date as the relevant filing date, we approximate the expiration date as twenty years after.
We then use days until patent expirationﬁ as a control. Once the patent expiration occurs,

this values becomes zero (as does any observation with no patent associated with it).

3.6 Descriptive Statistics

Table 1| presents some basic descriptive statistics regarding approved drugs across country
and year. Columns (1), (4), and (7) of Table 1| reports approval statistics across different
countries during the period 2000-2018. Total number of approvals are the highest in the
US, and the fewest number of approvals and drugs are in Australia. The average number of
supplemental indications per drug ranges from 0.22 in France to 0.45 in the United States,
suggesting that many drugs do not get a supplemental approval.

Table [1] also breaks out these averages by time periods, 2000-2012 and 2013-2018. Com-
paring the average supplemental approvals per drug across columns show a drop in supple-
mental approvals for the United States. A comparable drop is not seen for Australia and
is quite small for France. These data are simply suggestive, however. The following section

displays results for the full models.

33For any given date interval in our data, we subtract the date from the expiration date, creating a “days
until expiration” measure. We represent this value in terms of thousands for ease of coefficient interpretation.
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4 Results

In this section, we present the results of a proportional hazard model, both a weibull
parametric model and a cox proportional model. Each model imposes a different assumption
on the baseline hazard function, so the results are interesting to compare. This analysis
models the hazard of failure, which in this context is formal approval. The coefficients
reported are hazard ratios, which are the ratios of the hazard rates with and without a given
variable. A hazard ratio greater than one indicates that the variable is associated with a
higher rate of failure (formal approval), while a ratio less than one is associated with a lower
rate of failure P

The survival analysis allows us to estimate the differential effect of off-label regulation on
the hazard rate. The hazard rate analysis allows for an origin and endpoint. The origin for
all observations is the Phase III date, and the endpoint is either the end of the sample period
or the approval date. Failure in this model is indicated when the observation is approved.
Any approval date that was subsequent to the download data was treated as not having been
approved by the end of observation.

To achieve time-varying treatment, we split the data in two ways, allowing a different
proportional hazard ratio for these periods. The first split occurs at the first failure (approval)
for a drug substance. Prior to the first approval, any extant use could be considered the
“original” use and none could be used off-label. Once a use receives approval, all subsequent
uses (extant or future) are considered supplemental. Accordingly, supplemental status is
a dynamic concept linked directly to the ability to legally sell the drug for some purpose.
This definition of supplemental requires fewer assumptions about uses always being known
as supplemental uses - uses may be treated similarly until the first approval.

The second time-varying treatment is by year. We split the survival time into year-long

34The standard errors are calculated using the delta method, but the p-values are calculated from the
natural regression coefficients (i.e., if a coefficient is significantly different than zero). While tests based on
the hazard ratio would be asymptotically equivalent to one based on the underlying coefficient, the hazard
ratio has a more skewed distribution in real samples.
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intervals, allowing covariates—such as competition, patent duration, etc.—to vary by year.
This allows us to estimate a different proportional hazard ratio for each subperiod. These
splits also allows us to designate C'aronia as years 2013 onward and the T RU as year 2012
onwardﬁ Because we include a full set of year indicator variables, however, we do not report
the main effects for C'aronia or TRU in the following results, as it is not meaningful. The
difference-in-difference model accordingly follows equation ; however, given that we split
our units of observations, we can have multiple intervals of time for each drug-indication-

country unit ﬁ

4.1 US Results

4.1.1 US Within-Country Analysis

The simplest comparison is within a single country. By looking at the change in the
relative hazard rate between original and supplemental approvals, we start by looking only
within the US. Here, the variable of interest is C'aronia x Supplemental, which we expect
will be associated with a lower proportional hazard of approval. For the survival analysis,
this means that the hazard ratio to failure (approval) should be significantly less than one.
The results are listed in Table 2. The columns vary by the type of model used—indicated by
the last row—as well as the method by which we control for drug substance characteristics,

indicated by the fourth, fifth, and sixth rows.

35The holding of Caronia came down in December 2012 and the TRU was passed in December 2011.
36For this reason, the observations reported are the number of split intervals, not indication-drug-country
units.
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Caronia x Supplemental is associated with a hazard ratio significantly less than one,
multiplicatively lowering the hazard rate of formal approval for supplemental uses after
Caronia, relative to the comparable effect on original uses. The magnitude of this effect

ranges from 0.528 in column (2) to 0.691 in column (5).
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Table |3 presents the same models as Table 2, including other control variables such
as patent protection, competition, and prevalence. For the main variables of interest,
Supplemental x Caronia, the coefficients are uniformly significantly less than 1, indicating
that the hazard rate of formal approval declines post-Caronia relative to the rate for original
uses. The other control variables are similarly interesting. While the effect of Competition is
largely insignificant across all specifications, this is potentially because competitive pressures
are more likely to be important at earlier stages of development. RemainingPatentDays is
significantly greater than one, suggesting a higher hazard of approval with days remaining
on—patent.m RemainingPatent Days x Supplemental is significantly less than one, suggest-
ing that relative to original uses, remaining time reduces the proportional hazard of filing for
supplemental approval. This can be consistent with firms strategically using supplemental
formal approvals to retain some level of exclusivity.

We also include indicator variables for whether a drug has received an expedited review
or orphan drug designation. Fxpedited Review Designation is uniformly significantly greater
than 1, consistent with theory. OrphanDrugActStatus is more noisy and less precise.

Finally, our measure of market size is Mortality and Supplemental x Mortality, which
represents the prevalence of the most severe consequences of a disease in a given country
and year. While Mortality is indistinguishable from one, Supplemental x Mortality is
significantly greater than one, indicating that the relationship of market size to approval

may depend on severity of the disease consequences, particularly for supplemental uses.

37Notably, given that the measure is in thousands of days, however, this is a very small effect.
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Figure 1: Event Study: Caronia
Notes: The coefficients plotted in the figure follow the specification in Table [3] column (2), with period
indicator variables replacing Caronia. The interactions of Caronia and period indicators are plotted in the
figure, with a 95% confidence interval. Standard errors are clustered by icd group. Significance levels: ***
p<0.01, ** p<0.05, * p<0.1.

Table [ performs the same analysis as Table [3 except that it substitutes Prevalence,
the nominal prevalence of a disease in a given country and year, for the number of deaths.
This variable is largely insignificant, as is its interaction with Supplemental status. This
insignificance is likely due to the very crude disease classifications available in the data. All
the rest of the coefficients follow similar patterns as in Table [3]

Finally, in order to test the parallel trends assumption for the difference-in-differences
specification, we perform an event study. Caronia is decomposed into a series of time
indicator variables, with year 2013 designated as the “event year” and the year prior as the
baseline period. Figure (1] plots the coefﬁcientsm for the interaction effects for these periods,
representing the change relative to the baseline period. The interaction effects leading up to
Caronia have coefficients close to zero and statistically insignificant. As we would expected

with an exogenous shock, the effects for the event and subsequent periods are negative and

38The plotted effects are coeflicients, not hazard ratios, so the baseline is zero. Hazard ratios can be
obtained by the exponent of the coefficient.
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significant.

4.1.2 US Cross-Country Comparisons

The prior analyses have only considered changes within the US, relying on the fact that
the regulatory changes only affect supplemental uses, not original uses. Insofar as Caronia

affects original uses, a cross-country comparison addresses this.
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Extending this analysis to include comparisons to other countries requires moving to a
full triple differences set-up, as specified in equation . Choosing the correct countries,
however, is important. For the US, we choose Australia because of its similarity to the US
in terms of regulatory authority and culture.

Tables [5] display the results of the triple difference for Caronia, and Table [0 displays the
results controlling for competition, patent protection, and market size. The parameter of
interest is the coefficient on US x Caronia x Supplemental, which is consistently around
0.6 in both tables. This estimate is statistically significant for 5 of the 8 in Table [5 and
the estimate precision increases as control variables are added in Table [ Not only is the
treatment effect as expected, but the control variables also present intuitive effects consistent
with prior tables. The effect of RemainingPatentDays is the same as in prior tables, as is
the effect of Mortality.

Results are consistent with firm sensitivity to changes in costs of off-label regulation
characterized by Caronia. The lower cost associated with promoting off-label uses low-
ers the hazard of supplemental approval, relative to original approvals—across a variety of
specifications. Further, insofar as original uses do not provide a good control group, our
cross-country analysis shows that the difference in hazard between supplemental and origi-
nal uses is significantly different in the US relative to the comparable difference in Australia

over this period.

4.2 France Results

Turning to France’s TRU process, we perform the same difference-in-differences analysis.
The construction of the data for the survival models is described above[’] As noted above,
while the regulation was intended to restrict off-label prescription—and accordingly, increase
the benefits of formal approval—it was largely ignored by physicians. Weak enforcement

could either lead to no response from pharmaceutical companies or to even extending time

39This section only presents Cox proportional models, as the Weibull parametric models had highly singular
or nonsymmetric variance matrices.

32



Table 7: Proportional Hazard Model for Approval: TRU, Within-Country

(1) (2) 3) (4)
Variables
Supplemental 1.564** 1.395 1.345 1.619**
(0.349) (0.335) (0.343) (0.370)
Supplemental x TRU 1.389 1.023 1.388 1.280
(0.322) (0.262) (0.352) (0.310)
Observations 59,253 59,253 59,253 59,253
Generic Group Indicators X
Therapeutic Class Factors X
Mechanism of Action Factors X
Model Cox Cox Cox Cox

Notes: Reported effects are hazard ratios. Other variables included but not reported are indicator variables
for year and icd group. Standard errors clustered by icd group. Significance levels: *** p<0.01, ** p<0.05,
*

p<0.1.

until approval, as the delay is essentially sanctioned by the French government.
Tables only examine behavior within France. Table [7] incorporates the most par-
simonious specification. The parameter of interest, Supplemental x T RU, is statistically

insignificant, finding no effect of the TRU on supplemental drug approval.
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After including additional control variables, Table [§] displays similar results as Table [7}
the interaction effect Supplemental x TRU is not significantly different from one. The
results for the control variables—with the notable exception of Competition—are similar
to those in Table Remaining days on patent has similar effects as previously: days
remaining increases the hazard of approval for original uses. Relative to this effect, however,
days remaining decreases the hazard of approval for supplemental uses, consistent with using
supplemental approval as a way to maintain some exclusivity. This latter effect, however, is
insignificant for France. Market size variables—including Prevalence and Mortality—are
noisy and imprecise.

The results for France suggest no significant effect for the imposition of the TRU. As
noted above, however, finding a true effect for France is complicated by the fact that it is a
relatively small player in the global market. Moreover, with some approvals going through
the European Union, changes in French policy may not create a large effect.

To assess whether this non-effect is a function of the above difficulties, we look for drug
classes for which France may be a disproportionately large player. Since many of the drugs
on the TRU were oncology drugs, we restrict Table @to cancer ICD codes only.@ The results
reported are similarly insignificant. Relatedly, and based on work discussing the importance
of off-label uses for depression in France (Tuncel, 2023), we look at drug indications for
psychoaffective disorders. The results in Table [10| show that Supplemental x T RU is still
insignificant here as well. These extensions suggest that the roll-out of the policy—and the
anticipated continuation of prescription patterns—muted any potential effect on pharma-

ceutical companies.

4.3 Discussion

The results in Section [ are broadly consistent with firms responding to government

incentives to submit uses for formal approval.

40For Tables |§| and we cluster standard errors by drug id due to the small number of icd groups.
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The consistent pattern reflected in these results is interesting in light of the difference
in the nature of these policy changes. When weighing the relative merits of undergoing
formal approval for an additional use of a drug, the ability to promote off-label uses of
drugs is a significant benefit. In the United States, the policy change was limited to that
of promotion. Where previously firms were not confident about marketing off-label uses of
their drugs to physicians, Caronia changed this. After Caronia, the benefits of leaving a
use off-label increased. Without the threat of criminal liability for promoting off-label uses,
pharmaceutical companies have fewer costs associated with leaving uses off-label while still
retraining the benefits of off-label sales. Consistent with this effect, we see evidence that the
hazard of approval for supplemental uses, relative to original uses, in the US declined after
Caronia. These effects are both statistically and practically significant across a variety of
samples and specifications.

The TRU regulation is a more complicated change. While physicians were supposed
to enroll their patients into TRU monitoring programs upon prescription, prior evidence
suggests that this was not the case in practice. And while pharmaceutical companies were
intended to be encouraged to apply for formal approval, the existence of the TRU period of
monitoring could actually extend the time between Phase III and approval (rather than file
for formal approval immediately, a firm may delay for the state-sanctioned three-year mon-
itoring period). Accordingly, pharmaceutical companies could rationally expect unchanged
or even increased benefits of leaving uses off-label under the TRU. In line with this strategic
behavior, we are unable to detect a change in hazard of approval for supplemental uses in
France after TRU implementation.

Of course, in terms of pure market size, France is a much smaller player than the United
States. Indeed, France is a small player even within the context of the EU. Given the
increasingly uniform approval process at the EU level, rather than at the nationwide level,
the effect of French policy is more likely to be muted. However, even in drug classes for

which France should be a bigger global player, the effects are statistically insignificant.
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These results are consistent with firms prioritizing uses of their drugs to submit for formal
approval in response to the restrictions (or freedoms) a country enacts toward off-label
promotion and prescription. Liberalization of promotion—particularly in a large market—
seems to be very influential, while weak enforcement of even stringent regulations may fall
short.

Future work should incorporate information on cost of approval to examine a different
margin: firm selection of indication to serve as the original approval. If off-label prescription
is sufficiently costless, firms may prefer to keep only one use on-label. Selection of which
indication to serve as the original approval would reflect the cost of approvalff] the relative
value from direct to consumer advertising (as opposed to physician promotion), and other
such factors.

While these results have economically interesting implications about the type of regula-
tions that may influence firm behavior, the significance of these results are also incredibly
practical. While off-label use need not present a threat to the practice of medicine, formal
approval serves an important function. Not only does its signal value decline if firms opt to
keep more uses off-label for reasons unrelated to efficacy, but formal approval was a chief
incentive for conducting costly—but extremely probative—scientific studies. If the incentive
declines—particularly if it declines for specific indications—the informational landscape may

significantly change in a way that would threaten patient care.

5 Conclusion

Off-label regulation has important ramifications for companies, physicians, and patients.
Not only do off-label regulations affect the way that pharmaceutical companies strategically
manage their research pipelines, but their behavior has important consequences for the

amount of scientific information available to the public. The paper articulates a conceptual

41Some indications involve more costs to prove safety and effectiveness. This may be because the magnitude
of the effects are so small that a larger sample is necessary to have sufficient power. Additionally, diseases
which require a longer examination time frame would result in higher costs of testing.
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model of firm strategy and presents results consistent with firms strategically responding to
new regulatory changes. This paper sought to analyze periods in which countries undertook
unprecedented off-label regulation. The United States liberalized its regulatory regime by
reducing the legal cost associated with off-label promotion. With this newfound ability
to promote off-label uses, firms should be marginally more likely to leave a drug use off-
label rather than file for formal approval. Using data from firms’ research and development
pipelines, this paper finds that the hazard of formal approval declines for supplemental uses
relative to original uses, consistent with firms leaving uses off-label to minimize costs. This
result is robust to a number of specifications, inclusion of many control variables, and to
within- and across-country analyses.

France took a more stringent policy stance—nominally restricting the prescription of off-
label uses—but neglected to enforce it. Our analysis could find no significant effect of this
regulatory change. While France is a smaller global player, which may account for some of
the insensitivity, no significant effect is discernible even for drug classes that are particularly
important in France. This result highlights the necessity of proper enforcement of even the
most restrictive regulations.

While the results focus on firm behavior, their importance extends to the availability of
quality data on drug efficacy . The perverse effects of the liberalization of off-label promotion
can result in the decline of rigorous studies on new drug indications. In considering such a
policy change, governments should consider the potential effects on patient welfare caused

by the different informational landscape and the diluted signal value of formal approval.
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A Appendix Tables

Table 9: Proportional Hazard Model for Approval: TRU, Within-Country, Cancer Only

(1) (2) (3) (4)
Variables
Supplemental 1.737 1.616 1.475 2.885%*
(1.073) (1.220) (0.931) (1.821)
Supplemental x TRU 1.539 0.907 1.343 0.621
(1.150) (0.796) (1.134) (0.514)
Observations 18,707 18,707 18,707 18,707
Generic Group Indicators X
Therapeutic Class Factors X
Mechanism of Action Factors X
Model Cox Cox Cox Cox

Notes: Reported effects are hazard ratios. Other variables included but not reported are indicator variables
for year and icd group. Standard errors clustered by individual drug. Significance levels: *** p<0.01, **

p<0.05, * p<0.1.

Table 10: Proportional Hazard Model for Approval: TRU, Within-Country, Psychoaffective

Disorders Only

(1) (2) 3) (4)
Variables
Supplemental 2.897** 1.505 2.049 4.360***
(1.459) (0.779) (1.227) (2.178)
Supplemental x TRU 0.405 0.322 0.204 0.211
(0.409) (0.346) (0.225) (0.244)
Observations 2,323 2,323 2,323 2,323
Generic Group Indicators X
Therapeutic Class Factors X
Mechanism of Action Factors X
Model Cox Cox Cox Cox

Notes: Reported effects are hazard ratios. Other variables included but not reported are indicator variables
for year and icd group. Standard errors clustered by individual drug. Significance levels: *** p<0.01, **

p<0.05, * p<0.1.
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B Data Construction Appendix

The following describes how the Citeline data is used to construct our data set. The data
was downloaded in February 2019. Citeline provides data on the drug’s phase of development
in a given country, which we treat as comprehensive list (though not indication-specific).
Citeline also provides data on the development status for all indications for which the drug
was developed; however, it does not tell us what stage was reached in each country. Citeline
also lists a history of drug developments. Finally, Citeline provides rich text blurbs describing
the drug’s Marketing (Approval /Launches), Phase I, Phase II, and Phase III stages.

Using this data, we create a drug-indication specific data set. For each original observa-
tion with n diseases associated with it, we create n observations.@ For the purpose of this
paper, we assume that pre-launch is a unitary process, undifferentiated by country. While
each country has its own pre-launch process, if we consider the firm to be the aggregator of
information about its drug’s potential uses, information from a Phase I study in one country
is likely to be informative for a Phase I study in another. Since we are concerned with when
a firm discovers such information about this drug, we create global dates for Phase I, Phase
II, and Phase III for each indication. Our analysis relies on approval dates, but we use the
launch date to infer an approval date when approval dates are missing.

The best source of information is the Citeline text associated with Marketing (Ap-
proval/Launches), Phase I, Phase II, and Phase III. In order to scrape these dates, we
use a number of sophisticated string analysis techniques. We also use information from the
drug’s event history, as this often lists dates when an indication changes phases or receives
approval/is launched in a given country. Often, this information is not indication-specific. In
order to ensure that we are not being too liberal with assigning dates, we take the following
measure: we search the history for the first mention of the indication. If the indication is

mentioned in the history, any history before the first mention is no longer considered. This

42 After constructing the dates (and obtaining country-specific approval dates), we reshape the data such
that each observation is a drug-indication-country observation.
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ensures that previous approvals prior to the introduction of a new indication are not ex-post
extended to the new indication. If the indication is never mentioned separately, we assume
the entire history applies to the indication. We then record the earliest launch/approval
date that mentions the relevant country. We also extract dates from the country-specific
development field described above. This again is not indication-specific; before assigning a
year in a country to an indication, we use the development history to determine whether the
date extracted is attributable to the given indication.

After we have all these possible dates, we decide which dates to use. For approval dates,
we prefer to use the text dates, as they are generally indication-specific. If that is not
available, we use dates from the drug’s development history. If that is not available, we use
date from the country-specific development status.

For phase dates, we look at the minimum approval dates over all countries. Using this
“Earliest Approval Date,” we check the consistency of our Phase I1I dates. For Phase III, we
also prefer to use dates from Citeline’s text blurbs. We extract three types of dates: dates
associated with press releases, Scrip dates, and Clinical Trial dates. The press release and
Scrip dates are directly from the text, so the program pulls the earliest of each of these dates.
For ClinicalTrials, the program pulls all relevant Clinical Trial numbers. It then searches for
these trials on ClinicalTrial.gov and then chooses the latest completion date associated with
the earliest start date. If a text date is missing (or is later than the Earliest Approval Date),
we use dates from the drug’s development history@

We do a number of sanity checks on these dates, such as designating as missing dates
preceding 1920 and after 2300 and approval dates that precede Phase III dates. For ap-
proval/launch dates, if Citeline lists the country as having only reached a stage prior to
approval /launch, all approval/launch dates (for any indication in that country) were noted

as nonexistent. Similarly, if the indication global status of the drug had not reached these

43In doing so, we look for evidence of a phase change and the relevant indication. If we find an entry
indicating the correct phase change and indication, we note this as an indication-specific date. If we can
only find a date with the correct phase date (but not indication, although occurring within the history
attributable to the indication), we collect that date.
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stages, all approval/launch dates associated with that indication are considered nonexistent.
When approval dates are missing but launch dates are not, we impute approval dates as a

year prior to launch. For phase dates, a similar process occurs.
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