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Abstract 

Announcements related to the drug development process can have profound impacts on the 

market valuations of firms operating in the pharmaceuticals and healthcare industries. This can 

create substantial opportunities for investors who possess superior information or analytical 

abilities. We document that one particular subgroup of sophisticated investors, short sellers, 

appears to profit from these opportunities. We find that short sales rise substantially in the days 

leading up to drug development announcements with the most negative announcement returns. 

This effect is much less pronounced or non-existent prior to similar events with the most 

positive announcement returns.  
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1 Introduction 

In mid-2011, NASDAQ-listed AVEO Pharmaceuticals reported promising phase 2 

trial results for its lead kidney cancer drug, tivozanib.1 One year later, the firm’s share price 

dropped by 27% following an expression of concern by the Food and Drug Administration 

(FDA) about patients’ survival rates in the drug’s Phase 3 trial. Finally, in mid-2013 the firm 

lost 66% of its market value after an FDA Advisory Panel voted against tivozanib’s new drug 

application. 

The above example illustrates the critical nature of the drug development process for 

companies in the healthcare and pharmaceutical industries. Successful development of a new 

drug can bring enormous rewards for a firm and its shareholders while failure can spell the end 

of the firm’s existence. The market moving nature of many events related to the drug 

development process also creates highly profitable opportunities for sophisticated investors 

with superior information or analytical abilities. In this paper, we examine the trading 

behaviour of a particularly sophisticated group of investors, namely short sellers, around these 

types of events. 

We find substantial evidence that short sellers anticipate the outcomes of important 

announcements in the drug development process during the days leading up to their 

announcement. The mean number of shares sold short over the three days prior to the most 

negative event announcements is 0.40% of all shares outstanding. This contrasts with only 

0.21% of shares outstanding for the most positive announcements. In a multivariate regression 

setting, pre-announcement short sales rise above their normal benchmark level by an additional 

0.15% of total shares outstanding for the most negative events relative to more neutral events. 

This equates to more than 770,000 shares for the average event.  

1 Details obtained from Factiva and http://www.aveooncology.com/. 
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Our analysis is made possible through a unique and comprehensive database of 

significant events or “catalysts” related to the drug development process which we obtain from 

the financial research provider, Sagient Research Systems. Prior research on these kinds of 

events suggests that their impact on a firm is often substantial. For example, significant wealth 

effects have been documented for announcements related to the FDA decision review process 

(Bosch & Lee, 1994; Sarkar & de Jong, 2006) as well as drug withdrawals (Ahmed, Gardella, 

& Nanda, 2002). Moreover, Himmelmann and Schiereck (2012) show that trading volume and 

liquidity rise while spreads fall following drug approval decisions in Europe.  

Using daily data on short sales transactions over a period of approximately five years, 

we conduct an event study to examine the relation between pre-announcement short selling and 

the announcement return of the affected firm’s stock. We measure short sales in two ways. 

First, following studies including Asquith, Pathak and Ritter (2005) and Christophe, Ferri and 

Hsieh (2010), we define short turnover as daily short sales divided by total shares outstanding. 

Second, following other researchers such as Christophe, Ferri and Angel (2004) and Engelberg, 

Reed and Ringgenberg (2012), we obtain short volume by scaling daily short sales by daily 

trading volume. We define a firm’s normal benchmark level of short sales as average short 

sales for the same firm calculated over event days -120 to -21.  

Our tests consistently document a negative relation between pre-announcement 

abnormal short sales and the announcement return. This holds in a univariate setting as well as 

for multivariate regression specifications which control for factors including size, book-to-

market, long- and short-term momentum, volatility and stock price. We also divide the events 

into four subsamples based on their nature: FDA decisions, trial information releases, advisory 

panel announcements and other. We find that the results generally hold for these individual 

subsamples, though with reduced significance. In additional robustness tests, we show that the 
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relation persists if we define an alternative normal benchmark level of short sales by 

constructing a matching portfolio for each firm based on industry, market capitalisation and/or 

book-to-market ratio. 

The effect that we document may arise for two reasons. First, short sellers may have 

superior information processing abilities allowing them to derive a trading advantage from 

analysing public information. Short sellers are generally viewed in the literature as 

sophisticated investors who follow a variety of different and often profitable trading strategies. 

These can include fundamental ratio-based strategies, (Dechow, Hutton, Meulbroek, & Sloan, 

2001), responding to short-term overreaction, supplying liquidity and performing a risk-

bearing function (Diether, Lee, & Werner, 2009). Prior evidence suggests that short sellers may 

be able to anticipate negative future information releases in settings different to ours. For 

example, studies have found that short interest tends to rise up to several months before the 

announcement of adverse events including accounting restatements (Desai, Krishnamurthy, & 

Venkataraman, 2006; Drake, Myers, Scholz, & Sharp, 2015), financial misrepresentation 

(Karpoff & Lou, 2010) and bond rating downgrades (Henry, Kisgen, & Wu, 2015).  

Such an explanation would support the notion that short sellers play a role in 

improving the informational efficiency of stock markets, as envisaged in various theoretical 

models (Diamond & Verrecchia, 1987; Miller, 1977). Empirical evidence that short selling 

encourages the assimilation of information into stock prices is also provided by numerous 

studies (e.g. Aitken, Frino, McCorry, & Swan, 1998; Boehmer, Jones, & Zhang, 2008; 

Boehmer & Wu, 2013; Cohen, Diether, & Malloy, 2007).2 

2 An exception is Henry and Koski (2010) who present evidence that manipulative trading by short sellers 
surrounding seasoned equity offerings can reduce price efficiency. 
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A second possible explanation is that short sellers may be exploiting leaked 

information. Related to this idea, short selling has been found to intensify in the days leading 

up to negative information releases such as earnings announcements (Christophe et al., 2004), 

analyst downgrades (Christophe et al., 2010) and insider sales  (Chakrabarty & Shkilko, 2013; 

Khan & Lu, 2013).3 Evidence of abnormal short selling during the days prior to announcements 

of this kind are at least suggestive that some type of information leakage or front running is 

taking place. Along similar lines, Massoud, Nandy, Saunders and Song (2011) find that 

material non-public information arising from the syndicated lending process is being profitably 

exploited by short sellers. Berkman, McKenzie and Verwijmeren (2013) find that short interest 

rises prior to the announcement of private placements in which hedge funds are involved. 

Anderson, Reeb and Zhao (2012) conclude that informed short selling is more prevalent in 

firms controlled by families relative to other firms.  

Some recent insider trading cases in the US illustrate the potential for information 

leakage during the drug development process. In 2012, a man was sentenced to five years in 

prison for trading on confidential information accessed while working as a chemist for the 

FDA.4 In 2014, two medical investigators involved in drug trials allegedly engaged in insider 

trading after receiving negative news about the trials from the company involved.5 These 

examples illustrate that insider information about the drug development process can come from 

a variety of sources. Company insiders but also regulatory employees and medical 

professionals can be privy to confidential and material information. Some prior research has 

also examined the incidence of information leakage during the drug development process. For 

3 Blau and Wade (2012) challenges the result documented by Christophe et al. (2010). These authors find that 
abnormally high short selling of a similar scale takes place prior to upgrades as well as downgrades, arguing that 
that this is more indicative of speculative rather than informed short selling. 
4 See http://www.wsj.com/articles/SB10001424052970203458604577263710156553368 
5 See http://www.sec.gov/News/PressRelease/Detail/PressRelease/1370541857556. 
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example, Bosch and Lee (1994) and Reeb, Zhang and Zhao (2014) find that pre-announcement 

stock returns are related to the outcome of FDA decisions. In contrast, Sarkar and de Jong 

(2006) find no evidence of such a relation. 

We conduct several additional tests to further explore the nature of the negative 

relation between pre-announcement short selling and announcement returns. First, we find 

evidence that short sellers begin to establish their positions up to a number of weeks before the 

announcement day. Second, we perform a series of tests to examine the cross-sectional 

variation in the relation. We find little evidence that the strength of the relation is associated 

with cross-sectional characteristics including institutional investor monitoring, foreign 

incorporation or firm size. 

Our study makes two key contributions. First, we document a further and highly 

significant avenue for short seller profitability. Short selling activity appears to intensify in the 

days leading up to disappointing information releases related to the drug development process. 

Second, we provide new analysis of a subset of corporate information events which have 

received relatively little coverage in the literature despite their market moving nature.  

The rest of the paper proceeds as follows. In section 2, we provide some background 

about the drug development process and regulatory procedures, both in the US and overseas. 

Section 3 describes the data and presents summary statistics. Section 4 presents the main 

results, robustness tests and extensions. Section 5 concludes. 

2 The drug development process 

The process for the development of a new drug can be very long and costly and 

involves a number of steps including filing an application, conducting comprehensive clinical 

trials and gaining regulatory approval. In this section, we provide a brief review of the main 
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characteristics of this process and outline the main regulatory framework, both in the US and 

overseas.  

2.1 The drug development process in the US 

In the US, the Food and Drug Administration (FDA) has regulatory authority over a 

broad range of consumer products including drugs and medical devices.6 As described by 

Ciociola et al. (2014), the FDA was given the authority to ensure the safety and effectiveness 

of drugs and medical devices by the Federal Food, Drug, and Cosmetics Act of 1938. The 

process by which a firm develops a new drug proceeds through a series of stages with a total 

duration of ten years on average according to Ciociola et al. (2014).7 A new drug compound is 

first developed by a firm and undergoes animal testing in a pre-clinical stage. Conditional on 

successful completion of the pre-clinical stage, a firm may then initiate the formal regulatory 

process by submitting an Investigational New Drug (IND) application to the FDA.  

The drug development process then moves into the clinical stage during which several 

phases of human trials are carried out. Phase 1 trials are small-scale, early-stage studies usually 

conducted on a sample of less than 100 people. These studies aim to investigate the potential 

side effects of the drug and, potentially, how the drug is metabolised and excreted. According 

to the FDA, such studies have a typical duration of several months and approximately 70% of 

drugs proceed to the next phase. In Phase 2 trials, drugs are typically tested on several hundred 

patients in order to obtain initial data on the drug’s effectiveness. Such trials can take up to two 

years and only 33% of drugs proceed to the following phase. Phase 3 trials employ a larger 

sample of patients usually numbering in the thousands and additional data on the drug’s safety 

6 See the FDA website at http://www.fda.gov/AboutFDA/Transparency/Basics/ucm194879.htm. 
7 The development process described here is based on information from the FDA website as well as Ciociola et 
al. (2014). See http://www.fda.gov/ForPatients/Approvals/Drugs/default.htm and 
http://www.fda.gov/Drugs/ResourcesForYou/Consumers/ucm289601.htm. 
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and effectiveness is collected. Such trials take between one and four years with approximately 

25-30% of drugs moving to the next stage.  

Following completion of the clinical stage, the development process moves into the 

New Drug Application (NDA) Review stage. Following a review meeting with the FDA, a firm 

submits a NDA seeking approval from the FDA for marketing the drug in the US. After 

submission, the FDA has a 60-day window in which to consider whether to file the NDA. If 

filed, an approval decision is then made within a period of six to ten months by an FDA Review 

Team. Prior to a decision being made, the review process includes a number of steps including 

consideration of the drug’s labelling as well as an inspection of the drug’s manufacturing 

facilities. After a positive approval decision, the development process moves into a post-

marketing stage. This stage includes periodic submissions of safety updates and often involves 

Phase 4 studies to collect additional information related to the drug. In addition, the FDA 

reviews reported problems associated with drugs and can respond in various ways. Moreover, 

in order to make significant changes to a drug, a firm is required to file a supplemental 

application to the FDA.  

A number of additional points about the drug development process are worth noting. 

First, a firm involved in the development of a new drug may ask for assistance from the FDA 

during the development process, such as prior to an IND application or during the design of 

clinical trials. Second, during the NDA review process, the FDA may organise a meeting of an 

FDA Advisory Committee in order to provide independent, expert advice and 

recommendations to the FDA as well as allowing for input from the public.8 Third, in 1992 the 

Prescription Drug User Fee Act (PDUFA) was passed in the US, authorising FDA to collect 

8 See http://www.fda.gov/downloads/ForConsumers/ConsumerUpdates/ucm048045.pdf for more information. 
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fees from drug companies and allowing the drug approval process to be accelerated.9 Finally, 

FDA’s Accelerated Approvals and Fast Track programs allow for faster approvals in certain 

circumstances when drugs treat serious diseases or meet unmet medical needs. 

2.2 The drug development process in other countries 

Several of the drug development announcements in our sample pertain to regulatory 

developments in jurisdictions outside the US. Therefore, we briefly consider the regulatory 

framework for the drug development process outside the US.  

In the European Union, the drug approval process is overseen by the European 

Medicines Agency (EMA), a decentralised agency created in 1995.10 A firm wishing to market 

a drug in a European Union (EU) member state submits a marketing authorisation which 

undergoes scientific evaluation by the EMA. Such evaluation work is generally carried out by 

scientific committees of the EMA. For example, the Committee for Medicinal Products for 

Human Use (CHMP) is tasked with preparing opinions related to medicines for human use. 

Once a firm has submitted a marketing authorisation application, the CHMP provides an 

opinion within 210 days. Subsequent to this, a final decision is made by the European 

Commission. If the marketing authorisation is granted, the authorisation is valid for all EU 

Member States as well as Iceland, Liechtenstein and Norway. Similar to the FDA in the US, 

the EMA also co-ordinates safety-monitoring of medicines in the EU and can take action based 

on this if required. It should also be noted that there are certain medicine types for which do 

not fall under the EMA’s responsibility and which are subject to national authorisation 

procedures. Finally, bodies with similar functions to the FDA and EMA exist in other countries. 

9 See http://www.fda.gov/ForIndustry/UserFees/PrescriptionDrugUserFee/ucm144411.htm for more 
information. 
10 The description related to the EMA in this section is based on information obtained from the EMA website: 
http://www.ema.europa.eu/ema/. 
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For example, the drug review process is undertaken by the Pharmaceuticals and Medical 

Devices Agency in Japan and the Central Drugs Standard Control Organization in India.11 

3 Data and summary statistics 

3.1 Data sources and description 

We obtain data on announcements related to the drug development process between 

2005 and 2013 from the research service, CatalystTracker. The database is maintained by the 

financial research provider, Sagient Research Systems and collects information relating to 

events that have the potential to significantly impact a healthcare company’s performance.12 

The nature of these events varies considerably from FDA approval decisions to the release of 

drug trial results. In some of our tests, we differentiate between various types of events. In 

order to do so, we sort events into four broad groups based on their nature: FDA approval 

decisions, trial information announcements, FDA advisory panel announcements and other. 

Table A1 in Appendix A provides a full list of the precise types of events falling within each 

group.   

We obtain short sales transaction data from two separate sources. The first is the 

Securities and Exchange Commission Reg SHO datafile covering stocks trading on the NYSE 

and NAZDAQ exchanges between January 2005 and June 2007. We complement this with 

additional short sales transaction data obtained from the Financial Industry Regulatory 

Authority (FINRA) website.13 The data come in the form of monthly short sale transaction files 

showing transaction times, prices and sizes and are available for all short sales of a National 

11 See http://www.pmda.go.jp/english/index.html and http://www.cdsco.nic.in/forms/Default.aspx. 
12 Another research service maintained by Sagient Research Systems is PlacementTracker, which provides 
information on private placements. PlacementTracker has been used in numerous finance studies on Private 
Investment in Public Equity (PIPE) (see for example, Brophy, Ouimet, & Sialm, 2009; Dai, 2007). 
13 See the following information notice published by FINRA: 
http://www.finra.org/sites/default/files/NoticeDocument/p120044.pdf. 
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Market System (NMS) stock beginning in August 2009.14 These data are in a similar format to 

the original Reg SHO records. The FINRA short transactions data have been used in prior 

studies including those by Jain, Jain, McInish and McKenzie (2013) and Jain, Jain and McInish 

(2012). Our sample period for short sales therefore covers two separate sub-periods: the first is 

from January 2005 to June 2007 and the second is from August 2009 to the end of the sample 

period in October 2013. 

We initially obtain just over 28,000 drug development-related events from the 

CatalystTracker database. In order to control for potential clustering of events and 

contamination from other information events not related to the drug development process, we 

impose the restriction that at least three days must pass between an event and each subsequent 

event for the same firm in order for the subsequent event to be included. While only events 

related to the drug development process are included in the final sample, we take into account 

other events such as earnings announcements, investor conferences, acquisitions and 

divestitures when applying this restriction. This reduces the number of events to approximately 

11,600. In order for an event to be included in our sample, we then require that the firm 

involved be listed on a US exchange and that it can be matched to the short sales data. In order 

to ensure an adequate time period, we also require that event day zero occurs no fewer than 

120 event days following the first available date of short sales data and no fewer than 120 days 

before the last available date of short sales data. Furthermore, data must be available for the 

firm in both CRSP and COMPUSTAT. To eliminate infrequently traded stocks, we require that 

a stock be traded on at least 75% of the 120 pre-event days and 75% of the 120 post-event days. 

Having imposed these additional conditions, we are left with a sample of 4,543 separate events 

14 According to the SEC’s Regulation NMS (Rule 600(b)(46) (17 CFR 242.600(b)(46))), an NMS security is 
defined as “…any security or class of securities for which transaction reports are collected, processed, and made 
available pursuant to an effective transaction reporting plan, or an effective national market system plan for 
reporting transactions in listed options.” See https://www.sec.gov/rules/final/34-51808.pdf.  
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covering 304 different firms. The events fall within a period of almost five years (59 months) 

over two sub-periods. The first runs from the middle of June 2005 through January 2007 and 

the second from the end of January 2010 through May 2013. 

Panel A of Table 1 presents a summary of the most common industries into which the 

sample’s event firms fall. Industries are identified according to a firm’s six-digit North 

American Industry Classification System (NAICS) code. By far the most common industry is 

Pharmaceutical Preparation Manufacturing, which accounts for 66% of event firms. The 

remaining firms represent a diverse range of other pharmaceutical and biological industries 

including Biological Product (except Diagnostic) Manufacturing (13%), Surgical and Medical 

Instrument Manufacturing (4%) and Research and Development in Biotechnology (3%). 

[TABLE 1] 

Panel B displays additional summary statistics related to the fundamental- and price-

related characteristics of the event firms. Fundamental characteristics are computed as of the 

end of the last quarter prior to an event while price-based characteristics are computed on event 

day -3. As can be seen, there is considerable variation along these variables. The median event 

firm has a market value of $1.2 billion, assets of $451 million and sales of $55 million. The 

median book-to-market value of 0.25 may be indicative of a strong representation of relatively 

young pharmaceutical or biotechnology firms with growth characteristics in the sample. 

Nonetheless, the median firm has slightly positive earnings per share of $0.01. The median 

closing share price is $17.20.  
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3.2 Abnormal short sales 

We measure a firm’s level of short selling in two different ways. We begin by 

following several prior studies on short selling in calculating daily short turnover as the ratio 

(in percent) of the number of shares sold short divided by total shares outstanding (e.g. Asquith 

et al., 2005; Christophe et al., 2010). We label this metric short turnover, or SHTO.   

 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑖𝑖,𝑡𝑡 =
𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑜𝑜𝑜𝑜 𝑠𝑠ℎ𝑎𝑎𝑁𝑁𝑁𝑁𝑠𝑠 𝑠𝑠𝑜𝑜𝑠𝑠𝑠𝑠 𝑠𝑠ℎ𝑜𝑜𝑁𝑁𝑜𝑜𝑖𝑖,𝑡𝑡
𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑜𝑜𝑜𝑜 𝑠𝑠ℎ𝑎𝑎𝑁𝑁𝑁𝑁𝑠𝑠 𝑜𝑜𝑁𝑁𝑜𝑜𝑠𝑠𝑜𝑜𝑎𝑎𝑜𝑜𝑠𝑠𝑜𝑜𝑜𝑜𝑜𝑜𝑖𝑖,𝑡𝑡

× 100. (1) 

An alternative way of assessing a stock’s level of short selling is by measuring daily 

sales as a proportion (in percent) of total volume traded. This measure has also been applied in 

several prior studies on short sales (e.g. Christophe et al., 2004; Engelberg et al., 2012). We 

denote the measure as short volume, or SHVOL.  

 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑖𝑖,𝑡𝑡 =
𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑜𝑜𝑜𝑜 𝑠𝑠ℎ𝑎𝑎𝑁𝑁𝑁𝑁𝑠𝑠 𝑠𝑠𝑜𝑜𝑠𝑠𝑠𝑠 𝑠𝑠ℎ𝑜𝑜𝑁𝑁𝑜𝑜𝑖𝑖,𝑡𝑡

𝑆𝑆𝑁𝑁𝑎𝑎𝑠𝑠𝑜𝑜𝑜𝑜𝑜𝑜 𝑣𝑣𝑜𝑜𝑠𝑠𝑁𝑁𝑁𝑁𝑁𝑁𝑖𝑖,𝑡𝑡
× 100. (2) 

Scaling short sales by trading volume rather than shares outstanding may more directly reflect 

aggregate short seller sentiment towards a stock since it is insensitive to overall changes in 

trading volume. It rises only when short sales make up a greater proportion of total trading 

volume, whereas short turnover increases with total trading volume even when the proportion 

of short sales to total volume is unchanged.  

In order to measure abnormal short selling for a specific stock on a given day, we 

calculate the deviation of the level of short selling on that day from a “normal” benchmark 

level for that stock. We define normal short selling separately for every event stock as the mean 

short sales over event days -120 to -21 for that stock. In order to ensure that the benchmark 

level of short sales is not unduly influenced by extreme values, we winsorize daily short sales 

during the day -120 to day -21 period at the 1% and 99% levels. Thus, normal short selling is 

based on the half-year period preceding an event but excluding the 20 event days directly prior 
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to event day zero. We calculate both abnormal short turnover, ASHTO, as well as abnormal 

short volume, ASHVOL, in this way as shown below: 

 𝐴𝐴𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑖𝑖,𝑡𝑡 = 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑖𝑖,𝑡𝑡 − 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆(−120,−21)������������������������𝑖𝑖, (3) 

 𝐴𝐴𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑖𝑖,𝑡𝑡 = 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑖𝑖,𝑡𝑡 − 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆(−120,−21)��������������������������𝑖𝑖. (4) 

3.3 Event summary statistics 

In order to obtain an indication of the impact of the drug development announcements 

on stock returns and key trading variables, we plot the distributions of these variables in Figure 

1. The solid bars represent the distributions of the variables on event day zero while the broken 

bars represent their distributions during the non-event day period from day -120 to day -21. 

Chart 1 shows the distribution of the cumulative abnormal returns (CARs) calculated over days 

0 to +1. We calculate the CAR by taking the difference between the total return of a stock over 

event days 0 to +1 and the value-weighted return on the healthcare, medical equipment and 

drugs industry portfolio over the same holding period.15 Two features of the distribution of 

CARs are worth noting. First, relative to non-event days, event-day CARs display higher 

kurtosis, with a substantial proportion of events producing large stock price reactions. For 

example, about 19% of events are associated with CARs of plus or minus 5% or greater. This 

is considerably higher than the 12% of non-event days which display CARs(0,+1) of this 

magnitude or greater. In addition, about 9% of event days have CARs of less than -10% or 

higher than 10%. This contrasts with only about 3% of non-event days. Second, the distribution 

of event day CARs appears relatively symmetrical, indicating that the sample is evenly spread 

15 The daily returns on this index are downloaded from Kenneth French’s online data library available at 
http://mba.tuck.dartmouth.edu/pages/faculty/ken.french/data_library.html. The Healthcare, Medical Equipment, 
and Drugs index we use is one of 12 industry portfolios. 
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between positively- and negatively-received events of similar magnitudes. 48.7% of events 

have positive CARs while 51.3% have negative CARs. 

[FIGURE 1] 

Chart 2 of Figure 1 plots the distributions of abnormal stock turnover on event days 

relative to non-event days. Stock turnover is calculated as the total trading volume during a 

given day divided by total shares outstanding on that day. Abnormal stock turnover is defined 

analogously to the calculation of abnormal short turnover described above. We take the 

difference between daily stock turnover and its mean during event days -120 to -21. The most 

notable characteristic of the distribution of abnormal stock turnover on event days is its high 

degree of positive skewness relative to non-event days. On event days, stock turnover is 0.5 

percentage points or more above its normal benchmark value for about 21% of observations. 

In contrast, this occurs on only about 11% of non-event days. This indicates that the healthcare-

related announcements in the sample often represent significant events which generate 

substantial trading volume.  

An almost identical distribution appears in Chart 3 which displays the distribution of 

abnormal short turnover. Again, the distribution exhibits strong positive skewness for event 

days, with a substantially higher proportion of more extreme positive values of abnormal short 

turnover on event days relative to non-event days. This result is not surprising given the 

importance of many of the healthcare-related announcements for a firm and the increase in total 

stock turnover documented above. A significant release of information would be expected to 

increase trading volume both on the long as well as the short side. A more interesting result is 

depicted in Chart 4, which displays the distribution of abnormal short volume. The chart reveals 

very little difference between the aggregate distribution of abnormal short volume on event 

days relative to non-event days and the distributions are fairly symmetrical in both cases. This 
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result supports the notion that as a measure of short selling, ASHVOL is less impacted by a 

general increase in trading volume, potentially making it better suited to assessing the 

informativeness of short sales. 

Table 2 presents a more detailed analysis of the summary statistics depicted in Figure 

1. Panel A presents results for all 4,543 events together and confirms the indications from the 

charts discussed above. There is significant variation in abnormal returns, stock turnover and 

short sales immediately following the announcement of a healthcare-related event and these 

values are often significant in magnitude. The mean absolute CAR(0,+1) across all events is 

4% while the median is 2%. Averaged across event days, short sales are 0.16 percentage points 

above their normal benchmark level when measured as a percentage of total shares outstanding 

and 0.05 percentage points above their normal level when measured as a percentage of daily 

trading volume. 

[TABLE 2] 

Panel B presents results for each of the four categories of events separately. With a 

mean absolute CAR(0,+1) of 8%, FDA decisions induce the strongest reactions from investors. 

Trading volume also shows a strong rise following FDA decisions on average: abnormal 

turnover and abnormal short turnover are higher by 4.90 and 0.80 percentage points 

respectively relative to their normal levels. In contrast, abnormal short volume is 0.22 

percentage points below its normal benchmark on average. Advisory panel announcements 

engender similarly significant market reactions with absolute CARs(0,+1) of 7%. A slightly 

more muted but still substantial stock price reaction is displayed following releases of trial 

information or announcements classified under the ‘Other’ category. The absolute cumulative 

abnormal returns are 4% on average for these event categories. 
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3.4 Key variables in event time 

In this subsection, we consider the evolution of returns and key trading metrics in 

event time. Charts 1 to 4 in Figure 2 plot the absolute abnormal stock return, abnormal turnover, 

abnormal short turnover and abnormal short volume averaged across all events each day from 

event day -10 to event day +10. As depicted in Chart 1, the absolute abnormal return shows a 

strong spike on event day zero by about 1.5 percentage points. The chart does not indicate any 

evidence of information leakage prior to the event’s announcement and returns appear to revert 

to normal levels fairly quickly following the announcement. This is supported by Charts 2 and 

3 which show that abnormal turnover and abnormal short turnover both rise strongly on event 

day zero. As a percentage of shares outstanding, traded shares increase to almost 1.25 

percentage points above the normal benchmark on event day zero while shares sold short 

increase to over 0.15 percentage points above the benchmark. There is no noticeable increase 

in turnover prior to event day zero but turnover remains somewhat elevated in the days 

immediately following the event’s announcement. In contrast, when short volume is examined 

in Chart 4, there is no noticeable deviation on average around the announcement of an event. 

This result further emphasises the importance of considering short sales as a proportion of 

trading volume as an alternative measure. The charts above suggest that the increase in short 

turnover observed in the aggregate may be largely explained by the increase in general trading 

volume. Short volume is insensitive to this effect and therefore behaves in a different way. 

[FIGURE 2] 

  

17



4 Results 

4.1 Relation between short sales and announcement returns 

The charts plotting short sales in event time discussed above provide no indication of 

any significant movement in the level of short sales immediately prior to event announcements. 

However, these results apply to all events in the aggregate and may therefore mask variation 

between events which are positively and negatively received by the market. The hypothesis of 

informed short selling predicts that the more negative the implications of an event are for a 

firm, the higher the level of short selling prior to the event’s announcement. The most direct 

way of assessing these implications is by measuring the market’s response through the 

cumulative abnormal return calculated over event days 0 to +1 (CAR(0,+1)) and this is the 

approach we adopt in this paper.  

An alternative method would be to qualitatively consider the implications of each 

event and classify events as favourable or unfavourable accordingly. We do not adopt this 

approach for two reasons. First, it is not always clear whether a given announcement will 

receive a favourable or unfavourable market reaction. For example, a report of test results for 

a new drug with a success rate of 70% might appear to be positive news. However, if investors 

were widely expecting rates of this magnitude, or competing drugs had delivered better results, 

such an announcement could result in a muted or even negative stock price reaction. Second, 

CARs provide an objective way of evaluating not just the binary implication of an 

announcement (positive or negative) but also the magnitude of the implication. For example, a 

decision by the FDA to approve a new drug might be relatively inconsequential for a large 

multinational pharmaceutical company with an extensive drug pipeline. However, the same 

decision could have a highly significant impact on the stock price of a small-cap biotechnology 

firm. 
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Figure 3 reproduces the charts tracking the level of short selling in event time from 

Figure 2 above. Results for the two measures of abnormal short sales, ASHTO and ASHVOL, 

are shown in Panels A and B respectively. However, this time, charts are plotted separately for 

three categories of events based on the magnitude of the CAR(0,+1). The first category (Chart 

1) contains the most negative events where the CAR(0,+1) is -10% or less. 202 events fall into 

this category. The second category (Chart 2) contains the 4,140 events with CARs(0,+1) 

ranging between -10% and 10% and the third category (Chart 3) contains the 201 most positive 

events with a CAR(0,+1) of 10% or more.  

[FIGURE 3] 

As shown in Panel A, short turnover is about 1.5 percentage points above its normal 

level on event day zero for the subset of very negative events (Chart 1). Of more interest, 

however, is the observation that short sales appear to display a slight upwards trend beginning 

a few days prior to the event’s announcement. This trend is not reflected in the subset of very 

positive events (Chart 3). For the remaining events with a moderate CAR(0,+1), there is a small 

increase in short turnover on event day 0 but no discernible movement during the pre-

announcement period. 

As shown in Panel B, when short sales are scaled by trading volume, the very negative 

events display an abnormally high level of short selling preceding the event’s announcement. 

During the entire 10 day pre-announcement window, ASHVOL is consistently above the 

normal benchmark by between 1 and 2 percentage points. Closer analysis of this effect reveals 

that the elevated level of short sales begins up to 20 days prior to the event’s announcement. 

This result contrasts strongly with short sales activity preceding very positive announcements. 

For these events, abnormal short selling is visibly more subdued during the pre-announcement 

period, remaining close to zero during the majority of the pre-announcement period. It moves 
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slightly more than 1 percentage point above the normal benchmark only on the day directly 

preceding the announcement. Also of interest is the divergence in the level of abnormal short 

selling for very negative and very positive events immediately following an event’s 

announcement. For very negative events, short sales fall to almost 3 percentage points below 

the normal level on event days 0 and +1 before reverting back to normal levels over the 

following days. Conversely, the level of short sales increases by a similar amount following 

very positive event announcements. These results suggest that short sellers adopt a contrarian 

strategy following drug development-related announcements. This would be consistent with 

results by Diether et al. (2009) suggesting that short sellers may be trading on short-term 

overreaction. Finally, in the case of events with CARs(0,+1) falling between -10% and 10%, 

there is no discernible movement in the short trading proportion either directly before or after 

the event announcement. 

4.2 Univariate tests 

The results depicted in the plots above provide some initial evidence in favour of the 

notion that informed short selling is taking place prior to healthcare-related announcements. 

Short sales appear to be higher preceding the announcement of very negative events than the 

announcement of very positive events. In this subsection, we carry out more formal statistical 

tests of this hypothesis in a univariate setting.  

We begin by calculating the average level of short selling and abnormal short selling 

over the pre-announcement days -3 to -1 for each event using our two measures of short sales. 

In other words, for each event, we calculate 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆(−3,−1)�������������������𝑖𝑖, 𝐴𝐴𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆(−3,−1)���������������������𝑖𝑖, 

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆(−3,−1)���������������������𝑖𝑖 and 𝐴𝐴𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆(−3,−1)�����������������������𝑖𝑖. We then split the events into five groups based on 

the CAR(0,+1). Groups 1 to 5 contain events with CARs(0,+1) that fall into the following 
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intervals respectively: less than or equal to -10%, between -10% and -5%, between -5% and 

5%, between 5% and 10% and greater than or equal to 10%.  

If the pre-announcement period for drug development events is characterised by 

informed short selling, then we would expect to see a higher level of short selling for events 

with the most negative announcement CARs (group 1 events) relative to those with the most 

positive announcement CARs (group 5 events). However, we would not necessarily expect to 

see a monotonic fall in short selling from group 1 through group 5. This is because some 

proportion of pre-event short selling is likely to be speculative in nature, and therefore most 

intense prior to events triggering the greatest stock price reaction, whether positive or negative. 

This effect may arise because, for many of the events in our sample, the approximate or exact 

date of a pending announcement is known. Therefore, even in the absence of superior 

information, short sellers are able to take speculative positions in the days leading up to 

announcements expected to produce the strongest stock price reactions. This contrasts with 

events such as analyst downgrades considered by other studies, for which an exact 

announcement day would be harder to estimate. 

4.2.1 All events 

Table 3 displays the cross-sectional average of the two measures of pre-announcement 

short selling for each group of events. For each group, we perform a t-test for the null 

hypothesis that the level of abnormal short sales is equal to zero. We also perform a t-test for 

the null hypothesis that the level of abnormal short sales preceding the most negative events 

(group 1) is equal to the level preceding the most positive events (group 5). Panel A presents 

the results for the full sample of events. As predicted by the informed short selling hypothesis, 

short sales are by far the highest prior to events with CARs(0,+1) of -10% or less (group 1). 

Averaged across all events in this group, the mean number of shares sold short over the three 
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days prior to an announcement is 0.40% of all shares outstanding. For events with CARs(0,+1) 

exceeding 10% (Group 5), the mean short turnover during the same period is only 0.21%. 

Translated into their abnormal values, short sales are 0.19 percentage points above the normal 

benchmark level on average during the 3-day pre-event window for group 1 events. In contrast, 

short sales are only 0.07 percentage points above the normal benchmark level on average 

during the 3-day pre-event window for group 1 events. A t-test reveals that the null hypothesis 

of no difference in pre-announcement short selling between group 1 and group 5 events can be 

rejected at the 1% level.  

[TABLE 3] 

We find similarly strong results when we measure short sales as a proportion of daily 

trading volume. For group 1 events, the mean number of shares sold short over the three days 

prior to an announcement is 16.39% of daily trading volume. This contrasts with 14.29% for 

group 5 events. In abnormal terms, pre-announcement short volume is an average of 1.84 

percentage points higher than the normal benchmark for group 1 events but only 0.61 

percentage points higher for group 5 events. The difference of 1.23 percentage points is 

significant at the 5% level. 

4.2.2 By event types 

Panel B of Table 3 considers events separately according to the event type. The results 

discussed above for the sample as a whole generally hold for each of the four event types 

individually. The statistical significance is reduced, however, especially for the subsamples 

with fewer observations. We find that the average pre-announcement abnormal short sales for 

Group 1 events exceed those for Group 5 events for every individual event type with the 

exception of advisory panel announcements, both when short sales are scaled by shares 
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outstanding as well as by trading volume. The difference between pre-announcement ASHTO 

between group 1 events and group 5 events is statistically significant at the 10% and 5% levels 

respectively for releases of trial information and events classified as ‘other’. When using 

ASHVOL as the measure of abnormal short sales, this difference is significant at the 10% level 

for ‘other’ events. The only exception to these patterns is for advisory panel announcements, 

where pre-announcement short selling is higher for group 5 events relative to group 1 events. 

The differences are not significant, however, and it should be noted that this event type has the 

lowest number of observations. For example, there are only 9 advisory panel announcements 

with CARs(0,+1) greater than 10% 

4.2.3 Short sales tertiles 

We also conduct an alternative analysis in which we examine the distribution of 

abnormal short selling across events with different announcement CARs. We split the sample 

of events into three tertile groups based on the level of pre-announcement abnormal short 

selling. Tertile 1 contains events with the lowest amount of short selling prior to the 

announcement and tertile 3 contains events with the highest amount of short selling. Again, we 

construct tertiles separately using the two different measures of abnormal short sales, ASHTO 

and ASHVOL. Within each of the five CAR(0,+1) groups, we then calculate the proportion of 

events which fall into the three short sales tertiles. We are most interested in comparing the 

distributions of short sales between events with the most negative returns (group 1) and those 

with the most positive returns (group 5). The hypothesis of informed short selling would predict 

that group 1 events are more skewed towards high pre-announcement abnormal short selling 

(tertile 3) relative to group 5 events.  

The results, displayed in Table 4, indicate that this is the case. Panel A, which uses 

ASHTO to measure abnormal short sales, indicates that within the subsample of events with 
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CARs(0,+1) of -10% or less, 55.4% of events fall within the highest tertile of pre-

announcement short selling. This contrasts with just 42.8% for events with CARs(0,+1) of 10% 

or greater. A chi-square test shows that the null hypothesis that the distribution of pre-

announcement abnormal short sales tertiles is independent of the CAR(0,+1) group can be 

rejected at the 1% level. We obtain similar results when we calculate pre-announcement 

abnormal short sales using ASHVOL (shown in Panel B). In this case, 45.0% of group 1 events 

fall within the highest tertile of pre-announcement short sales. The equivalent percentage for 

group 5 events is only 35.8%. The chi-square test suggests that the null hypothesis that the 

distribution of short sales tertiles is independent of the CAR(0,+1) group can be rejected at the 

5% level. Overall, this analysis lends further support to the tests described in the prior section. 

The results are consistent with the notion that short sellers are successful in anticipating the 

outcomes of upcoming drug development announcements. 

[TABLE 4] 

4.3 Multivariate regression for all events 

4.3.1 The model 

The univariate tests above suggest a negative relationship between the level of short 

selling during the pre-event window and the magnitude of the stock return following the event’s 

announcement. In this section, we adopt a regression setting which allows us to control for a 

range of other variables which could influence the relationship. Our regression specification is 

as follows: 

 

𝐴𝐴𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆(−3,−1)���������������������𝑖𝑖
= 𝛼𝛼 + 𝛽𝛽1𝐺𝐺1𝑖𝑖 + 𝛽𝛽2𝐺𝐺2𝑖𝑖 + 𝛽𝛽4𝐺𝐺4𝑖𝑖 + 𝛽𝛽5𝐺𝐺5𝑖𝑖 + 𝛾𝛾1𝑆𝑆𝑁𝑁(𝑀𝑀𝑀𝑀𝐴𝐴𝑀𝑀)𝑖𝑖
+ 𝛾𝛾2𝐵𝐵𝑀𝑀𝑖𝑖 + 𝛾𝛾1𝑆𝑆𝑁𝑁(𝑀𝑀𝑃𝑃𝑃𝑃𝑀𝑀𝑃𝑃)𝑖𝑖 + 𝛾𝛾2𝑀𝑀𝐴𝐴𝑃𝑃(−180,−4)𝑖𝑖
+ 𝛾𝛾3𝑀𝑀𝐴𝐴𝑃𝑃(−3,−1)𝑖𝑖 + 𝛾𝛾1𝜎𝜎(−120,−11)𝑖𝑖 + 𝜀𝜀𝑖𝑖. 

(5) 
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As the dependent variable, we use abnormal short turnover, again averaged across event days 

-3 to -1. We also specify an equivalent regression equation to the one above using the 

alternative measure of short sales, abnormal short volume, as the dependent variable.  

The key independent variables in the regression are a series of dummy variables 

indicating the magnitude of the CAR(0,+1). Applying the grouping methodology used for the 

univariate tests above, dummy variables 𝐺𝐺1𝑖𝑖, 𝐺𝐺2𝑖𝑖, 𝐺𝐺4𝑖𝑖 and 𝐺𝐺5𝑖𝑖 respectively take a value of 1 

if the CAR(0,+1) falls between the intervals (-1,-0.10), (-0.10,-0.05), (0.05,0.10) and (0.10,∞) 

respectively. The omitted group contains events with a CAR(0,+1) falling within the interval 

(-0.05,0.05). The use of dummy variables rather than a single continuous CAR(0,+1) variable 

allows for the expected non-linear nature of the relationship between pre-announcement short 

sales and announcement returns. As discussed above, events which are expected to produce a 

more significant stock price reaction are likely to attract speculative short sellers, even in the 

absence of superior information about the event’s outcome. For this reason, we expect positive 

coefficient estimates (𝛽𝛽1 and 𝛽𝛽5) on both 𝐺𝐺1𝑖𝑖 and 𝐺𝐺5𝑖𝑖. However, the informed short sales 

hypothesis predicts that the coefficient 𝛽𝛽1 will be larger in magnitude than 𝛽𝛽5. The portion of 

short sales attributable to informed investors would be expected to rise prior to group 1 events 

and fall prior to group 5 events. 

The set of control variables we use above are motivated primarily by prior studies in 

the short sales literature (e.g. Blau & Wade, 2012; Christophe et al., 2004; Christophe et al., 

2010; Henry et al., 2015). 𝑆𝑆𝑁𝑁(𝑀𝑀𝑀𝑀𝐴𝐴𝑀𝑀) is the natural logarithm of the stock’s market 

capitalisation calculated on event day -3 while 𝐵𝐵𝑀𝑀𝑖𝑖 is the firm’s book-to-market equity ratio 

calculated as at the latest quarter-end prior to the announcement. 𝑆𝑆𝑁𝑁(𝑀𝑀𝑃𝑃𝑃𝑃𝑀𝑀𝑃𝑃)𝑖𝑖 is the natural 

logarithm of the stock’s closing price on event day -3. 𝑀𝑀𝐴𝐴𝑃𝑃(−180,−4)𝑖𝑖 and 𝑀𝑀𝐴𝐴𝑃𝑃(−3,−1)𝑖𝑖 

are the cumulative abnormal returns calculated over event days -180 to -4 and days -3 to -1 
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respectively. These variables capture the effects of longer- and shorter-term stock price 

momentum on the inclination of investors to sell stocks short. Finally, we also control for a 

stock’s volatility, 𝜎𝜎(−120 − 11)𝑖𝑖, defined as the standard deviation of daily stock returns over 

event days 120 through -11. As discussed previously, some of our firms appear in the sample 

much more frequently than others. Moreover, the events are not necessarily spread evenly 

through time. In order to control for any downward bias in the calculated standard errors which 

this might induce, we employ 2-way clustering at both the firm and quarter levels. 

4.3.2 Tests for all events 

Table 5 presents the results of estimating regression Equation 5 for the full sample of 

events. When using ASHTO as the dependent variable (Panel A) and including all control 

variables, the coefficient estimate, 𝛽𝛽1, on the dummy variable for events in the lowest 

CAR(0,+1) group is positive and statistically significant at the 1% level. Relative to 

announcements which produce the most muted returns, an announcement with a CAR(0,+1) of 

-10% or less has pre-announcement short sales that are above normal levels by an additional 

0.15% of total shares outstanding. This equates to more than 770,000 shares for the average 

event.16 Moreover, the coefficient estimate on the dummy variable for events with CARs(0,+1) 

of between -5% and -10%, 𝛽𝛽2, is also positive and statistically significant at the 10% level. The 

magnitude of the coefficient is less than half of that of 𝛽𝛽1, however. Finally, although the 

coefficient estimate on the dummy variable for group 5 events, 𝛽𝛽5, is positive and significant 

at the 5% level, it is less than a third the size of the estimate of 𝛽𝛽1. These results are supportive 

of the informed short seller hypothesis. Short sellers appear to be more active before events 

that trigger significant negative market reactions. 

16 The mean event firm has 524,326,848 shares outstanding. Multiplying this amount by 0.1469% results in 
770,236 shares. 
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As shown in Panel B, the results are even stronger when we scale short sales by trading 

volume. Under this specification, the coefficient 𝛽𝛽1 is also positive and significant at the 1% 

level. When all the controls are included, the estimate indicates that abnormal short sales 

preceding events with CARs(0,+1) of -10% or less exceed abnormal short sales for events with 

CARs between -5% and 5% by 1.28% of daily trading volume. Moreover, none of the other 

CAR(0,+1) group dummy variables have coefficient estimates that are significantly different 

from zero. The coefficient estimate, 𝛽𝛽1, on the dummy for group 1 events exceeds that on group 

5 events, 𝛽𝛽5, by a factor of more than 3. These results provide strong evidence of informed 

short selling during the days leading up to a healthcare-related announcement. When scaled by 

trading volume, the level of short sales prior to a healthcare-related announcement is 

significantly higher only when the market reaction to the announcement is very negative. The 

lack of a significantly positive coefficient for events with very positive announcement returns 

is also an important result and argues against the notion that the actions of speculators result in 

a significant rise in short selling prior to drug development-related announcements.  

[TABLE 5] 

4.3.3 Separate tests by event type 

We also estimate regression equation 5 with all control variables included for each of 

the four categories of events separately. The results, displayed in Table 6, are generally 

supportive of the conclusions discussed above, though the statistical significance is often 

reduced, especially for the categories of events with smaller sizes. Panel A presents the results 

when abnormal pre-announcement short sales are measured using ASHTO while Panel B 

presents the results using ASHVOL. The coefficient estimate, 𝛽𝛽1, on the dummy variable for 

group 1 events is positive for all eight regression equation estimations. When abnormal short 
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sales are measured using ASHTO the coefficient estimate is significant at the 1% level for FDA 

decision announcements and ‘other’ events. When short sales are measured using ASHVOL it 

is significant at the 5% level for trial information announcements and the 10% level for FDA 

decision announcements. For the remaining events, the t-statistic varies between 0.97 and 1.64. 

The coefficient estimate, 𝛽𝛽1 is also larger in magnitude relative to the coefficient estimate, 𝛽𝛽5, 

on the dummy variable for group 5 events in 6 out of 8 cases. The two exceptions are for 

advisory panel announcements using ASHTO and FDA decisions using ASHVOL.  

[Table 6] 

4.4 Different pre-announcement windows 

The results of the tests discussed above indicate a negative relation between drug 

development announcement returns and abnormal short selling over a 3-day window 

immediately prior to an event’s announcement. However, a number of studies suggest that 

short sellers may become active several weeks or even months prior to negative information 

events. For example, Henry et al. (2015) find evidence of increased short selling up to one year 

before bond rating downgrades. In addition, the chart in Panel B of Figure 3 suggests that when 

measured as a portion of trading volume, short selling is abnormally high for at least ten days 

prior to the most negative drug development announcements being made. Motivated by these 

observations, in this section we examine abnormal short sales over a variety of different pre-

announcement windows. We follow the same procedure in estimating regression Equation 5 as 

described above, but define the dependent variable as the mean daily abnormal short sales 

during the following 3-day event windows: (-18,-16), (-15,-13), (-12,-10), (-9, -7) and (-6,-4). 

In addition, we split the original 3-day pre-announcement window into two sub-periods and 
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separately examine abnormal short sales over event days (-3,-2) and -1. These specifications 

also act as additional robustness tests for our prior results.  

The coefficient estimates and associated t-statistics are displayed in Table 7. Although 

the full range of control variables is included in all regressions, we present estimates only for 

our main independent variables of interest, the dummy variables representing events in the 

different CAR(0,+1) groups. As shown in Panel A, when scaled by total shares outstanding, 

the rise in short sales prior to negative announcements is largely concentrated in the three days 

immediately prior to the announcement. The strongest effect occurs on event day -1. Consistent 

with the prior results, abnormal short sales also rise prior to positive announcements, but by a 

considerably smaller magnitude. When we scale abnormal short sales by trading volume (as 

shown in Panel B), the results indicate that short sellers begin to establish their positions up to 

three weeks prior to negative event announcements. The coefficient estimate on the dummy 

variable for group 1 events is positive and statistically significant at the 5% level or higher for 

every pre-announcement sub-period beginning on event day -15. It is highest during the two-

week period prior to an event announcement. In contrast, the coefficient estimate on the dummy 

variable for group 5 events is never significantly positive. Moreover, it is negative during the 

sub-periods between event day -18 and -10, suggesting that short sellers may be reducing their 

sales prior to positive announcements. 

[Table 7] 
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4.5 Portfolio matched normal benchmark 

In the analyses conducted thus far, the normal benchmark level of short sales for a 

given firm is estimated as that same firm’s average short sales during a 100-day window prior 

to an event’s announcement. The main benefit of this method is that it provides a direct way of 

controlling for characteristics specific to that firm such as size and book-to-market as well as 

the available supply and cost of shares for short selling which impact the general level of short 

sales of that firm’s stock. This method does not directly control for time series variation in 

market-wide short selling which might influence the abnormal short selling we pick up for 

specific stocks. The event study set up of our analysis likely mitigates this issue to a large 

extent because the event days zero for each of the events in our sample are spread out over a 

5-year period. Nevertheless, in this section we apply an alternative method of estimating a 

firm’s normal benchmark for short sales which controls for this effect. 

Rather than benchmarking a stock’s short sales on a given day against average levels 

for the same stock, we measure these against the level of short sales for a matching portfolio 

of similar firms on the same day. We define a firm’s matching portfolio using two different 

sets of criteria. In the first approach, a firm’s matching portfolio is identified using industry 

and market capitalisation. We group each firm for which sufficient data is available in CRSP 

by its 2-digit NAICS industry. Then, within each industry, we form five equally-weighted 

portfolios based on the quintile of the firm’s market capitalisation measured as at the end of 

the preceding quarter. For any given event firm, the normal benchmark level of short sales on 

a specific day is defined as the mean short sales for the firms within its industry- and market 

capitalisation-matched portfolio on that day. The event firm itself is excluded from this 

benchmark and we require that a portfolio contain at least five firms with valid short sales data 

on a given day. As before, we calculate short sales using both short turnover and short volume 
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and measure daily abnormal short sales as the difference between the level of short sales for a 

given stock and its normal benchmark. Formally, we calculate 

 𝐴𝐴𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑖𝑖,𝑡𝑡 = 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑖𝑖,𝑡𝑡 − 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆(𝑀𝑀𝐴𝐴𝑆𝑆𝑀𝑀𝑆𝑆𝑃𝑃𝑁𝑁𝐺𝐺_𝑀𝑀𝑆𝑆𝑃𝑃𝑆𝑆𝑃𝑃𝑆𝑆𝑆𝑆𝑃𝑃𝑆𝑆)�������������������������������������������𝑖𝑖,𝑡𝑡 , (6) 

 𝐴𝐴𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑖𝑖,𝑡𝑡 = 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑖𝑖,𝑡𝑡 − 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆(𝑀𝑀𝐴𝐴𝑆𝑆𝑀𝑀𝑆𝑆𝑃𝑃𝑁𝑁𝐺𝐺_𝑀𝑀𝑆𝑆𝑃𝑃𝑆𝑆𝑃𝑃𝑆𝑆𝑆𝑆𝑃𝑃𝑆𝑆)���������������������������������������������𝑖𝑖,𝑡𝑡 . (7) 

In the second approach to defining a firm’s matching portfolio, we first divide all firms 

with available COMPUSTAT and CRSP data into five quintile groups based on market 

capitalisation and then further divide each of these groups into an additional five portfolios 

based on the book-to-market ratio. Both variables are calculated as at the end of the last quarter 

prior to an event announcement. We follow the same procedure as outlined above to calculate 

daily abnormal short sales for each event firm. We then re-run regression Equation 5 for the 

full sample of events using pre-announcement ASHTO and ASHVOL based on the matching 

portfolio approach. As before, abnormal short sales are averaged over the three days preceding 

each event. 

Panel A of Table 8 displays the results when the matching portfolio is formed based 

on industry and market capitalisation. The results are very similar to those based on firm-

specific normal benchmarks and the magnitude of the coefficient estimates tends to be 

somewhat larger. The dummy variable for the events with the most negative announcement 

CARs has by far the largest positive coefficient estimate, 𝛽𝛽1. The estimates are 0.17 when the 

dependent variable is pre-announcement ASHTO and 1.91 when it is pre-announcement 

ASHVOL. Both are statistically significant at the 1% level. In contrast, the coefficient 

estimates on the dummy variable for events with the most positive announcement CARs are 

0.02 and 0.39 respectively and statistically insignificant. 

[TABLE 8] 
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Panel B of Table 8 displays the results when matching portfolios are formed based on 

market capitalisation and book-to-market ratios. The findings are again very similar, both in 

magnitude and statistical significance. The coefficient estimate for the group 1 event dummy 

remains positive (0.17 and 1.72 when the dependent variable is ASHTO and ASHVOL 

respectively) and highly statistically significant. The coefficient estimates on the dummy 

variable for group 5 events are smaller by a factor of at least 4 and insignificant in all cases. 

Overall, the results presented in the main analysis are highly robust to an alternative 

specification of abnormal short sales where the benchmark is based on a matching portfolio of 

firms. 

4.6 Pre-announcement short selling and firm characteristics 

In this section, we carry out additional analysis to determine whether the rise in short 

selling prior to negative drug-related announcements is more pronounced for firms with certain 

characteristics. We first consider whether pre-announcement short sales are related to cross-

sectional differences in institutional monitoring, as proxied by large stockholdings. Second, we 

test whether the short selling differs between US firms and foreign firms, which may reflect 

differences in the legal environment and the strength of investor protection. Finally, we 

examine whether pre-announcement short selling is related to firm size. 

4.6.1 Differences in institutional monitoring 

We begin by examining whether the tendency of short sales to rise prior to negative 

announcements is related to the degree of institutional monitoring, an important aspect of 

corporate governance. In order to proxy for this effect, we follow Dittmar and Mahrt-Smith 

(2007) by taking the sum of institutional block ownership positions greater than 5% for a given 

firm. We obtain the data from the Thomson Reuters Institutional (13f) Holdings database. To 
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the extent that large blockholdings are associated with greater oversight of management, a 

higher value for this measure should reflect higher quality corporate governance. Like Dittmar 

and Mahrt-Smith (2007), we divide firms into tertiles based on the value of the blockholdings 

variable and classify firms in the top tertile as those with the highest degree of institutional 

monitoring (denoted high blockholdings). We then re-estimate regression Equation 5 but 

include the high blockholdings dummy variable as well as interaction terms between this 

variable and the CAR(0,+1) group dummy variables. In order to limit the number of variables 

and interaction terms in the model, we include only the two extreme return groups as separate 

variables (those with CARs(0,+1) of -10% or less and those with CARs(0,+1) of 10% or 

greater). If short selling prior to negative announcements is primarily induced by information 

leakage from informed insiders, we would expect this effect to be mitigated for firms with the 

strongest institutional oversight and monitoring. This would be reflected in a negative 

coefficient on the interaction term between the group 1 return dummy and the high 

blockholdings dummy.  

As the results presented in Table 9 indicate, this notion receives only partial support. 

When pre-announcement abnormal short sales are measured using short turnover (Model 1), 

the interaction term has a negative coefficient and is statistically significant at the 10% level. 

This implies that the intensity of short selling prior to negative drug-related announcements is 

reduced for firms with the highest degree of institutional monitoring, as proxied by the sum of 

large blockholdings. In contrast, when abnormal short sales are scaled by trading volume 

(Model 4), the coefficient on the interaction term is close to zero and statistically insignificant. 

Overall, we interpret these results as inconclusive.  

[Table 9] 
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4.6.2 US versus foreign firms 

Although all of the firms in our study are traded on US stock exchanges, some are 

incorporated in other countries.17 We use this feature in our second test of cross-sectional 

variation and examine whether the tendency of short selling to increase prior to negative 

announcements differs between US and foreign firms. Prior research indicates that significant 

legal and regulatory differences exist across countries and that these are associated with a range 

of observable market outcomes (e.g. La Porta, Lopez-de-Silanes, Shleifer, & Vishny, 1997; La 

Porta, Lopez-de-Silanes, Shleifer, & Vishny, 1998). Common law countries such as the US are 

typically seen as having the strongest investor protection laws (La Porta et al., 1997). The US 

also rates highly in relation to the strength and enforcement of insider trading laws in particular 

(e.g. Beny, 2005). Moreover, Doidge, Karolyi and Stulz (2007) find that country characteristics 

are more important in explaining variation in corporate governance than firm characteristics. 

Given these observations, if the pre-announcement short selling we observe is driven primarily 

by information leakage from informed insiders, then we may expect this effect to be stronger 

on average for non-US firms relative to US firms. We note, however, that research also supports 

the notion that listing in the US exposes firms to US-based laws and regulations (Doidge, 

Karolyi, & Stulz, 2004; Reese & Weisbach, 2002). This effect could act to mitigate any 

differences in insider-induced short selling between US and foreign firms, even if local 

securities laws and investor protection differ. 

We present the results of this analysis in Table 9 under Models 2 and 5. For each event 

firm, we introduce a dummy variable equal to 1 if the firm’s country of incorporation is not the 

US. As before, we include the foreign firm dummy variable as well as interaction terms 

17 3,695 or 81% of event firms are incorporated in the US. The remaining event firms come from 16 different 
countries. The five most common are Great Britain (218), Ireland (151), Canada (115), Switzerland (99) and 
Israel (79). 
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between this variable and the CAR group dummy variables in the regression equation. We find 

no evidence to suggest that the level of pre-announcement short selling prior to negative 

announcements is related to whether a firm is incorporated in the US or not. The coefficient 

estimate on the interaction term between the foreign firm dummy and group 1 events is 

insignificant for both measures of abnormal short selling. 

4.6.3 Firm size 

In this subsection, we examine whether rises in short selling prior to drug development 

announcements are associated with firm size. One possible mechanism by which such an 

association may arise is that firm size may reflect the firm’s degree of information asymmetry. 

If part of the increase in short sales prior to negative drug announcements is attributable to 

superior analysis by sophisticated investors, then we would expect better opportunities to profit 

from this kind of analysis for firms with greater information asymmetry and hence less 

informative stock prices. Since information asymmetry prior to announcements is generally 

assumed to be higher for small firms (with less information dissemination) this would predict 

a negative relation between firm size and the tendency of short sales to increase prior to 

negative announcements. 

We divide all the firms in our sample into quintiles based on market capitalisation 

three days prior to event day zero. We include the quintile rank and interaction terms between 

the quintile rank and the dummy variables for group 1 and group 5 events in the regression 

specification. In line with the prediction discussed above, the results from our regression 

analysis (Models 3 and 6 in Table 9) show a negative coefficient estimate for the interaction 

term between the size rank and the group 1 dummy variable for both measures of abnormal 

pre-announcement short sales. However, the coefficient estimates are not statistically 
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significant (t-values of -1.51 and -1.07 respectively). Therefore, the prediction receives little 

support from our data. 

[Table 9] 

4.7 Winsorized variables 

In order to ensure that our results are not driven by a small number of outlier 

observations, we re-estimate regression Equation 5 after winsorizing all continuous variables 

at the 1% and 99% levels. The results of the regression which include all the control variables 

are presented in Table 10. As can be seen, the results are almost identical to our main results 

in Table 5. The coefficient estimate on the dummy variable for events with the most negative 

announcement returns, 𝛽𝛽1, is 0.12 when abnormal short sales are measured using ASHTO and 

1.35 using ASHVOL. Both are statistically significant at the 1% level and larger in magnitude 

than the coefficient estimate on the dummy variable for the most positive announcement returns 

by a factor of at least two. 

[Table 10] 

5 Conclusion 

In this paper, we document that short sellers appear to be skilled in anticipating the 

outcomes of important events in the drug development process. During the days leading up to 

an announcement with a very poor announcement return, short sales display a significant rise 

above their normal benchmark level. This effect does not exist or is much less pronounced for 

events with very positive announcement returns. The results hold both when we construct the 

normal benchmark level of short sales based on a prior period for the same firm as well as when 

it is based on a matching portfolio of firms. These findings are consistent with two plausible 
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explanations. First, short sellers may have access to material information about upcoming 

announcements. The source of such information could include insiders from the companies 

themselves as well as other parties involved in the drug development process. Second, short 

sellers may possess superior information processing abilities which allow them to draw more 

accurate conclusions about the prospects of a new product from publicly available information. 

In further tests, we find indications that short sellers become active up to several weeks before 

negative announcements. Moreover, we find little evidence that the strength of the relation 

between pre-announcement short sales and announcement returns is related to cross-sectional 

differences including institutional investor monitoring, country of incorporation or firm size. 

Although these cross-sectional tests are not definitive, they provide no suggestion that 

widespread illegal insider trading is behind the apparent success of short sellers prior to drug 

development announcements.  
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Appendix 

[TABLE A1] 
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Figure 1 
Distribution of cumulative abnormal returns, trading turnover and short sales 

Charts 1 to 4 display frequency distributions for different variables on event days (represented by the solid bars) and non-event 
days (represented by the broken bars) defined as the period from event day -120 to -21. The CAR(0,+1) is the difference between 
the total return of a stock over event days 0 to +1 and the value-weighted return on the healthcare, medical equipment and drugs 
industry portfolio over the same holding period. Abnormal turnover is daily trading volume divided by total shares outstanding 
less its normal benchmark calculated as the mean over event days -120 to -21. Abnormal short turnover is daily short volume 
divided by total shares outstanding less its normal benchmark calculated as the mean over event days -120 to -21. Abnormal short 
volume is daily short volume divided by total daily trading volume less its normal benchmark calculated as the mean over event 
days -120 to -21. Events data is from Sagient Research Systems’ CatalystTracker database. 

  

       = Event days           = Non-event days 
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Figure 2 
Values of return, trading turnover and short sales in event time 

Charts 1 to 4 plot daily values of return, trading turnover and short sales in event time averaged across all events. The abnormal 
return is the difference between the total return of a stock on event day 0 and the value-weighted return on the healthcare, medical 
equipment and drugs industry portfolio over the same day. Abnormal turnover is daily trading volume divided by total shares 
outstanding less its normal benchmark calculated as the mean over event days -120 to -21. Abnormal short turnover is daily short 
volume divided by total shares outstanding less its normal benchmark calculated as the mean over event days -120 to -21. 
Abnormal short volume is daily short volume divided by total daily trading volume less its normal benchmark calculated as the 
mean over event days -120 to -21. Events data is from Sagient Research Systems’ CatalystTracker database.  
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Figure 3 
Short sales in event time by magnitude of CAR(0,+1) 

The charts in this figure plot daily values of abnormal short sales in event time averaged across all events. Charts 1, 2 and 3 include subsamples of events for which the CAR(0,+1) falls into the 
intervals: less than or equal to -10%, between -10% and 10% and greater than or equal to 10% respectively. The sizes of these subsamples are 202, 4,140 and 201 respectively. Panels A and B 
measure short sales through short turnover and short volume respectively. Abnormal short turnover is daily short volume divided by total shares outstanding less its normal benchmark 
calculated as the mean over event days -120 to -21. Abnormal short volume is daily short volume divided by total daily trading volume less its normal benchmark calculated as the mean over 
event days -120 to -21. Events data is from Sagient Research Systems’ CatalystTracker database.  

Panel A: Abnormal short turnover (ASHTO) 

      
Panel B: Abnormal short volume (ASHVOL) 
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NAICS
Number 
of events

% of
events

325412 Pharmaceutical Preparation Manufacturing 2,990 66
325414 Biological Product (except Diagnostic) Manufacturing 589 13
339112 Surgical and Medical Instrument Manufacturing 182 4
541711 Research and Development in Biotechnology 126 3
325411 Medicinal and Botanical Manufacturing 106 2
621511 Medical Laboratories 74 2
334510 Electromedical and Electrotherapeutic Apparatus Manufacturing 54 1
325413 In-Vitro Diagnostic Substance Manufacturing 45 1
339113 Surgical Appliance and Supplies Manufacturing 33 1
334517 Irradiation Apparatus Manufacturing 28 1
322291 Sanitary Paper Product Manufacturing 24 1
424210 Drugs and Druggists' Sundries Merchant Wholesalers 17 0
- 275 6
- Total 4,543 -

Variable Mean
Standard 
deviation Min Q1 Median Q3 Max

Total assets ($m) 18,909 39,502 1 93 451 19,825 685,328
Sales ($m) 2,399 4,372 0 4 55 2,985 38,127
Market capitalisation ($m) 18,991 40,811 5 254 1,225 15,437 243,302
Book-to-market 0.56 1.32 -2.76 0.12 0.25 0.46 10.86
Closing stock price ($) 27.35 28.58 0.19 5.36 17.20 44.40 262.19
Earnings per share ($) 0.20 0.66 -6.35 -0.19 0.01 0.61 4.92

Table 1

Other/Missing industry

This table displays summary statistics for the event firms. A firm is treated as a separate observation for 
each event in which it is involved. Panel A displays the frequency of event firms by their six-digit North 
American Industry Classification System (NAICS) codes. Panel B displays summary statistics for fundamental- 
and price-related characteristics of the event firms. Total assets, sales, book-to-market ratio and earnings 
per share (EPS) are calculated as of the end of the last quarter prior to an event while market capitalisation 
and closing stock price are calculated on event day -3. Events data is from Sagient Research Systems’ 
CatalystTracker database.

Panel B: Event firm characteristics

Summary statistics for event firms

Panel A: Distribution of event firms across industries

NAICS industry title
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Variable Mean
Standard 
deviation Q1 Median Q3

CAR(0,+1) 0.00 0.11 -0.02 0.00 0.02
ABS[CAR(0,+1)] 0.04 0.10 0.01 0.02 0.04
Abnormal turnover 1.14 8.50 -0.28 -0.06 0.34
ASHTO 0.16 1.49 -0.05 -0.01 0.05
ASHVOL 0.05 6.71 -4.06 -0.74 3.22

Variable Mean
Standard 
deviation Q1 Median Q3

FDA decisions (n=233):
CAR(0,+1) -0.01 0.17 -0.01 0.00 0.02
ABS[CAR(0,+1)] 0.08 0.15 0.01 0.02 0.07
Abnormal turnover 4.90 26.96 -0.10 0.12 1.72
ASHTO 0.80 5.54 -0.02 0.02 0.23
ASHVOL -0.22 6.27 -3.73 -0.91 2.79
Trial information (n=3,392):
CAR(0,+1) 0.00 0.10 -0.02 0.00 0.02
ABS[CAR(0,+1)] 0.04 0.09 0.01 0.02 0.04
Abnormal turnover 0.91 6.29 -0.29 -0.07 0.28
ASHTO 0.12 0.83 -0.05 -0.01 0.04
ASHVOL 0.11 6.82 -4.09 -0.74 3.32
Advisory panel announcements (n=106):
CAR(0,+1) -0.03 0.14 -0.03 0.00 0.01
ABS[CAR(0,+1)] 0.07 0.12 0.01 0.02 0.09
Abnormal turnover 3.91 8.82 -0.10 0.25 4.08
ASHTO 0.46 1.11 -0.02 0.04 0.48
ASHVOL -0.82 5.82 -4.19 -1.19 2.45
Other (n=812):
CAR(0,+1) 0.01 0.10 -0.01 0.00 0.01
ABS[CAR(0,+1)] 0.04 0.10 0.01 0.01 0.03
Abnormal turnover 0.62 3.91 -0.30 -0.07 0.30
ASHTO 0.10 0.69 -0.05 -0.01 0.04
ASHVOL -0.05 6.46 -3.90 -0.47 3.02

This table displays summary statistics for returns and trading metrics on event days. The CAR(0,+1) is the 
difference between the total return of a stock over event days 0 to +1 and the value-weighted return on 
the healthcare, medical equipment and drugs industry portfolio over the same holding period. Abnormal 
turnover is daily trading volume divided by total shares outstanding less its normal benchmark 
calculated as the mean over event days -120 to -21. ASHTO (abnormal short turnover) is daily short 
volume divided by total shares outstanding less its normal benchmark calculated as the mean over event 
days -120 to -21. ASHVOL (abnormal short volume) is daily short volume divided by total daily trading 
volume less its normal benchmark calculated as the mean over event days -120 to -21. Panel A shows 
calculations for the full sample of events while Panel B shows separate calculations by event type. 
Events data is from Sagient Research Systems’ CatalystTracker database.

Panel A: All events (n=4,543)

Panel B: By event type

Summary statistics for return and trading metrics on event days
Table 2
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CAR(0,+1) category N Mean Car(0,+1)
Mean

SHTO(-3,-1)
Mean

ASHTO(-3,-1)
Mean

SHVOL(-3,-1)
Mean

ASHVOL(-3,-1)
1 (Less than -10%) 202 -25.01 0.40 0.19*** 16.39 1.84***
2 (-10% to -5%) 247 -6.96 0.23 0.08*** 14.08 0.17
3 (-5% to 5%) 3,661 -0.05 0.13 0.00 13.30 0.15*
4 (5% to 10%) 232 6.91 0.18 0.03* 13.74 0.18
5 (Greater than 10%) 201 26.69 0.21 0.07*** 14.29 0.61
1 -5 0.12*** 1.23**
p-value 0.0083 0.0496

CAR(0,+1) category N Mean Car(0,+1)
Mean

SHTO(-3,-1)
Mean

ASHTO(-3,-1)
Mean

SHVOL(-3,-1)
Mean

ASHVOL(-3,-1)
FDA decisions:
1 (Less than -10%) 25 -36.46 0.60 0.43*** 17.81 3.30***
2 (-10% to -5%) 5 -8.27 0.22 0.07 16.85 0.19
3 (-5% to 5%) 167 0.24 0.12 0.01 13.88 0.09
4 (5% to 10%) 13 6.95 0.12 -0.01 14.28 1.99
5 (Greater than 10%) 23 28.27 0.43 0.27** 15.97 2.26*
1 -5 0.15 1.04
p-value 0.3238 0.5199

Panel B: By event type

Panel A: All events

This table displays the cross-sectional average of pre-announcement ASHTO and ASHVOL for five groups of events formed based on the magnitude of
their CAR(0,+1). ASHTO (abnormal short turnover) is daily short volume divided by total shares outstanding less its normal benchmark calculated as the
mean over event days -120 to -21. ASHVOL (abnormal short volume) is daily short volume divided by total daily trading volume less its normal
benchmark calculated as the mean over event days -120 to -21. Pre-announcement values of these variables are calculated by taking the average over
event days -5 to -1. For each group, a t-test is peformed for the null hypothesis that the level of abnormal short sales is equal to zero. A t-test is also
performed for the null hypothesis that the level of abnormal short sales preceding group 1 events is equal to the level preceding group 5 events. Panel A
shows calculations for the full sample of events while Panel B shows separate calculations by event type. Events data is from Sagient Research Systems’
CatalystTracker database. ***, ** and * denote statistical significance at the 1%, 5% and 10% levels respectively.

Table 3
Univariate analysis of pre-announcement short sales
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Table 3 continued
Trial info:
1 (Less than -10%) 133 -23.46 0.36 0.15*** 16.44 1.73***
2 (-10% to -5%) 195 -6.93 0.23 0.08** 14.30 0.36
3 (-5% to 5%) 2,758 -0.08 0.13 0.00 13.41 0.22**
4 (5% to 10%) 174 6.95 0.21 0.05** 14.09 0.38
5 (Greater than 10%) 132 25.99 0.18 0.04** 14.26 0.81
1 -5 0.11* 0.92
p-value 0.0687 0.2388
Advisory panel:
1 (Less than -10%) 16 -28.52 0.44 0.22*** 14.61 0.06
2 (-10% to -5%) 5 -6.81 0.29 0.14* 15.15 1.68
3 (-5% to 5%) 73 -0.01 0.13 0.01 12.39 -0.66
4 (5% to 10%) 3 7.58 0.08 -0.08 15.70 2.60
5 (Greater than 10%) 9 18.72 0.50 0.28** 16.51 1.00
1 -5 -0.07 -0.95
p-value 0.5873 0.6635
Other:
1 (Less than -10%) 28 -20.16 0.38 0.14* 15.91 2.05
2 (-10% to -5%) 42 -6.94 0.26 0.07 12.60 -0.90
3 (-5% to 5%) 663 -0.01 0.11 -0.01*** 12.83 -0.06
4 (5% to 10%) 42 6.68 0.12 -0.02 11.98 -1.37*
5 (Greater than 10%) 37 30.17 0.11 -0.03 12.82 -1.22
1 -5 0.17** 3.27*
p-value 0.0459 0.0526
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CAR(0,+1) category 1 (low) 2 3 (high)
1 (Less than -10%) 29.2 15.3 55.4
2 (-10% to -5%) 34.0 25.1 40.9
3 (-5% to 5%) 33.3 35.6 31.1
4 (5% to 10%) 39.7 26.7 33.6
5 (Greater than 10%) 29.9 27.4 42.8
Χ2 85.2
p-value <0.0001

CAR(0,+1) category 1 (low) 2 3 (high)
1 (Less than -10%) 29.2 25.7 45.0
2 (-10% to -5%) 34.4 32.8 32.8
3 (-5% to 5%) 33.3 34.3 32.5
4 (5% to 10%) 36.2 28.4 35.3
5 (Greater than 10%) 33.3 30.8 35.8
Χ2 18.0
p-value 0.0211

Percentage of events falling into different abnormal short sales tertiles
Panel B: Abnormal short sales measured using ASHVOL

Panel A: Abnormal short sales measured using ASHTO

This table displays the distribution of abnormal short selling across five groups of events formed based on 
the magnitude of their CAR(0,+1). The sample of events is split into three tertile groups based on the level 
of pre-announcement abnormal short selling. Tertile 1 contains events with the lowest amount of short 
selling prior to the announcement and tertile 3 contains events with the highest amount of short selling. 
Within each of the five CAR(0,+1) groups, we then calculate the proportion of events which fall into the 
three short sales tertiles. In Panels A and B, abnormal short sales are measured using ASHTO and ASHVOL 
respectively. ASHTO (abnormal short turnover) is daily short volume divided by total shares outstanding less 
its normal benchmark calculated as the median over event days -120 to -21. ASHVOL (abnormal short 
volume) is daily short volume divided by total daily trading volume less its normal benchmark calculated as 
the mean over event days -120 to -21. Pre-announcement values of these variables are calculated by taking 
the average over event days -3 to -1.  The table also shows the results of a chi square test for the null 
hypothesis that the distribution of pre-announcement abnormal short sales tertiles is independent of the 
CAR(0,+1) group . Events data is from Sagient Research Systems’ CatalystTracker database.

Table 4
Distribution of pre-announcement short sales by announcement CAR

Percentage of events falling into different abnormal short sales tertiles
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(1) (2) (3)
Intercept 0.0018 0.1043** -0.0018

[0.39] [2.68] [-0.03]
G1 (CAR(0,+1) < -10%) 0.1895*** 0.1831*** 0.1469***

[3.01] [2.90] [2.94]
G2 (CAR(0,+1) -10% to -5%) 0.0748*** 0.0688*** 0.0491*

[3.59] [3.31] [2.04]
G4 (CAR(0,+1) 5% to 10%) 0.0323 0.0266 0.0245

[1.59] [1.24] [1.10]
G5 (CAR(0,+1) > 10%) 0.0643*** 0.0580*** 0.0462**

[3.86] [4.31] [2.78]
ln(mcap) -0.0055** -0.0005

[-2.74] [-0.22]
BM -0.0040*** -0.0004

[-3.67] [-0.21]
ln(price) 0.0069 -0.0009

[1.62] [-0.15]
CAR(-120,-4) 0.0949***

[4.63]
CAR(-3,-1) 1.4476***

[4.24]
σ(-120,-11) 0.4627

[0.76]
N 4,543 4,543 4,543
Adjusted R-squared 0.0270 0.0276 0.1237

Table: 5

This table displays coefficient estimates and associated t-statistics (in parentheses) for OLS regressions 
where the dependent variable is pre-announcement abnormal short selling. Abnormal short selling is 
measured using ASHTO in Panel A and ASHVOL in Panel B. ASHTO (abnormal short turnover) is daily 
short volume divided by total shares outstanding less its normal benchmark calculated as the mean 
over event days -120 to -21. ASHVOL (abnormal short volume) is daily short volume divided by total 
daily trading volume less its normal benchmark calculated as the mean over event days -120 to -21. Pre-
announcement values of these variables are calculated by taking the average over event days -3 to -1. 
The main independent variables of interest are dummy variables equal to 1 if the CAR(0,+1) falls within 
the intervals (-1,-0.10), (-0.10,-0.05), (0.05,0.10) and (0.10,∞) respectively and zero otherwise. The 
omitted group contains events with a CAR(0,+1) falling within the interval (-0.05,0.05). The control 
variables are defined in the text. Standard errors are clustered at the firm and quarter level. Events 
data is from Sagient Research Systems’ CatalystTracker database. ***, ** and * denote statistical 
significance at the 1%, 5% and 10% levels respectively.

Panel A: Dependent variable = ASHTO

Multivariate regressions of pre-announcement short sales for all events
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Table 5 continued

(1) (2) (3)
Intercept 0.1488 2.2649 2.7169*

[0.65] [1.59] [1.74]
G1 (CAR(0,+1) < -10%) 1.6883*** 1.5733*** 1.2772***

[3.22] [3.54] [3.26]
G2 (CAR(0,+1) -10% to -5%) 0.0234 -0.0848 -0.2385

[0.06] [-0.22] [-0.61]
G4 (CAR(0,+1) 5% to 10%) 0.0321 -0.0724 -0.0712

[0.09] [-0.20] [-0.18]
G5 (CAR(0,+1) > 10%) 0.4620 0.3456 0.3752

[1.21] [1.01] [1.04]
ln(mcap) -0.1149 -0.1410*

[-1.60] [-1.83]
BM -0.0491 -0.0584

[-0.96] [-1.11]
ln(price) 0.1461 0.2061

[1.06] [1.36]
CAR(-180,-4) 0

[-0.66]
CAR(-3,-1) 18.6558***

[8.48]
σ(-120,-11) -3.367

[-0.51]
N 4,543 4,543 4,543
Adjusted R-squared 0.0037 0.0040 0.0327

Panel B: Dependent variable = ASHVOL
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FDA
decision

Trial
information

Advisory
panel Other

Intercept 0.0817 -0.0094 0.2441 -0.0370
[0.27] [-0.08] [0.83] [-0.38]

G1 (CAR(0,+1) < -10%) 0.3315*** 0.1040 0.1499 0.1111***
[4.32] [1.64] [1.27] [3.51]

G2 (CAR(0,+1) -10% to -5%) 0.0602 0.0428 0.1083 0.0691**
[0.50] [1.39] [1.05] [2.83]

G4 (CAR(0,+1) 5% to 10%) -0.0096 0.0341 -0.0826 -0.0002
[-0.24] [1.14] [-0.67] [-0.01]

G5 (CAR(0,+1) > 10%) 0.2273*** 0.0126 0.2045** -0.0005
[3.01] [0.77] [2.21] [-0.02]

ln(mcap) 0.0046 -0.0012 -0.0021 0.0009
[0.46] [-0.28] [-0.18] [0.22]

BM 0.0019 -0.0009 0.0043 -0.0003
[0.61] [-0.35] [0.53] [-0.11]

ln(price) -0.0518** 0.0034 -0.0476 0.0015
[-2.60] [0.41] [-1.64] [0.25]

CAR(-180,-4) 0.2126** 0.0892*** 0.0357 0.0378
[2.78] [2.90] [0.78] [1.02]

CAR(-3,-1) 1.8406* 1.4692*** 0.4396 1.3063***
[1.95] [3.82] [1.54] [2.99]

σ(-120,-11) -1.5495 0.9026 -1.5508 -0.064
[-0.54] [0.83] [-1.24] [-0.10]

N 233 3,392 106 812
Adjusted R-squared 0.3938 0.1096 0.2290 0.1507

Table 6
Multivariate regressions of pre-announcement short sales by event type

Panel A: Dependent variable = ASHTO

This table displays coefficient estimates and associated t-statistics (in parentheses) for OLS regressions 
where the dependent variable is pre-announcement abnormal short selling. Regressions are estimated 
separately for each of four event types. Abnormal short selling is measured using ASHTO in Panel A and 
ASHVOL in Panel B. ASHTO (abnormal short turnover) is daily short volume divided by total shares 
outstanding less its normal benchmark calculated as the mean over event days -120 to -21. ASHVOL 
(abnormal short volume) is daily short volume divided by total daily trading volume less its normal 
benchmark calculated as the mean over event days -120 to -21. Pre-announcement values of these 
variables are calculated by taking the average over event days -3 to -1. The main independent variables 
of interest are dummy variables equal to 1 if the CAR(0,+1) falls within the intervals (-1,-0.10), (-0.10,-
0.05), (0.05,0.10) and (0.10,∞) respectively and zero otherwise. The omitted group contains events with 
a CAR(0,+1) falling within the interval (-0.05,0.05). The control variables are defined in the text. Standard 
errors are clustered at the firm and quarter level. Events data is from Sagient Research Systems’ 
CatalystTracker database. ***, ** and * denote statistical significance at the 1%, 5% and 10% levels 
respectively.
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Table 6 continued

FDA
decision

Trial
information

Advisory
panel Other

Intercept 6.6869 2.3363 -13.3635 3.1001
[1.52] [1.61] [-1.60] [0.99]

G1 (CAR(0,+1) < -10%) 2.2730* 1.2161** 2.3910 1.0432
[2.03] [2.69] [1.63] [0.97]

G2 (CAR(0,+1) -10% to -5%) -0.0908 -0.0758 3.3595* -1.2899
[-0.04] [-0.20] [1.86] [-1.23]

G4 (CAR(0,+1) 5% to 10%) 1.6256 0.0587 5.3266* -1.5592
[0.66] [0.13] [2.05] [-1.71]

G5 (CAR(0,+1) > 10%) 2.3834** 0.4962 1.4825 -1.2389
[2.36] [1.55] [0.68] [-1.71]

ln(mcap) -0.3629* -0.1307 0.5416 -0.1038
[-1.86] [-1.66] [1.28] [-0.75]

BM -0.0920 -0.0583 0.2570 -0.0716
[-0.44] [-0.72] [1.02] [-0.43]

ln(price) 0.6278 0.2494 -0.1207 -0.1520
[1.31] [1.41] [-0.12] [-0.75]

CAR(-180,-4) -0.7506 -0.3115 -0.2780 0.3538
[-0.97] [-1.01] [-0.16] [0.53]

CAR(-3,-1) 22.8987*** 17.7653*** 20.7805 22.7166***
[4.81] [7.26] [1.37] [3.78]

σ(-120,-11) -15.9419 0.4422 20.1421 -15.7945
[-0.49] [0.07] [1.02] [-0.96]

N 233 3,392 106 812
Adjusted R-squared 0.0762 0.0290 0.0198 0.0328

Panel B: Dependent variable = ASHVOL
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Days
(-18,-16)

Days
(-15,-13)

Days
(-12,-10)

Days
(-9,-7)

Days
(-6,-4)

Days
(-3,-2)

Day
(-1)

G1 (CAR(0,+1) < -10%) 0.0069 0.0495* 0.0612* 0.0196 0.0603 0.0966** 0.2477**
[0.20] [1.88] [2.07] [0.62] [1.71] [2.64] [2.67]

G2 (CAR(0,+1) -10% to -5%) 0.0935 0.0298 0.0338 -0.0046 0.0271 0.0345 0.0784
[0.93] [0.71] [1.02] [-0.20] [1.12] [1.34] [1.57]

G4 (CAR(0,+1) 5% to 10%) -0.0195 -0.006 -0.0259 -0.0329* -0.0123 0.0194 0.0345
[-0.87] [-0.41] [-1.42] [-1.74] [-0.60] [1.03] [0.93]

G5 (CAR(0,+1) > 10%) -0.0366* 0.0015 0.0449 0.0078 0.0146 0.0427*** 0.0534*
[-1.88] [0.08] [1.48] [0.37] [0.52] [3.32] [1.85]

Days
(-18,-16)

Days
(-15,-13)

Days
(-12,-10)

Days
(-9,-7)

Days
(-6,-4)

Days
(-3,-2)

Day
(-1)

G1 (CAR(0,+1) < -10%) 0.5004 0.7812** 0.7222** 1.4982*** 1.4136*** 1.3758*** 1.0765**
[1.17] [2.72] [2.27] [3.54] [3.84] [3.13] [2.27]

G2 (CAR(0,+1) -10% to -5%) 0.0473 0.3807 -0.0493 0.3334 0.1177 -0.3018 -0.1157
[0.14] [0.93] [-0.17] [1.19] [0.34] [-0.66] [-0.23]

G4 (CAR(0,+1) 5% to 10%) -0.5808 -0.6668* -1.0195** 0.2713 -0.4415 0.2757 -0.7684
[-1.52] [-1.83] [-2.42] [0.58] [-1.66] [0.81] [-1.45]

G5 (CAR(0,+1) > 10%) -0.8206 -0.6134 -0.7153* 0.1230 -0.0941 0.115 0.9054
[-1.58] [-1.45] [-1.82] [0.41] [-0.25] [0.29] [1.56]

This table displays coefficient estimates and associated t-statistics (in parentheses) for OLS regressions where the dependent variable is pre-announcement 
abnormal short selling. Abnormal short selling is measured using ASHTO in Panel A and ASHVOL in Panel B. ASHTO (abnormal short turnover) is daily short volume 
divided by total shares outstanding less its normal benchmark calculated as the mean over event days -120 to -21. ASHVOL (abnormal short volume) is daily short 
volume divided by total daily trading volume less its normal benchmark calculated as the mean over event days -120 to -21. Pre-announcement values of these 
variables are calculated by taking the average over different event day windows as indicated in the table. The main independent variables of interest are dummy 
variables equal to 1 if the CAR(0,+1) falls within the intervals (-1,-0.10), (-0.10,-0.05), (0.05,0.10) and (0.10,∞) respectively and zero otherwise. The omitted group 
contains events with a CAR(0,+1) falling within the interval (-0.05,0.05). The regression also includes control variables as specified in regression Equation 5 in the 
text. Coefficient estimates for the control variables are not shown in the table. Standard errors are clustered at the firm and quarter level. Events data is from 
Sagient Research Systems’ CatalystTracker database. ***, ** and * denote statistical significance at the 1%, 5% and 10% levels respectively.

Multivariate regressions of pre-announcement short sales over different windows
Table: 7

Panel A: Dependent variable = ASHTO

Panel B: Dependent variable = ASHVOL
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DV = ASHTO DV = ASHVOL
(1) (2)

Intercept -0.1154 8.8325*
[-1.24] [2.03]

G1 (CAR(0,+1) < -10%) 0.1728*** 1.9134***
[3.17] [3.83]

G2 (CAR(0,+1) -10% to -5%) 0.0469 -0.0822
[1.66] [-0.21]

G4 (CAR(0,+1) 5% to 10%) 0.0230 0.2314
[0.84] [0.60]

G5 (CAR(0,+1) > 10%) 0.0206 0.3948
[1.21] [1.01]

ln(mcap) 0.0005 -0.3579
[0.12] [-1.48]

BM 0.006 0.1615
[1.63] [0.87]

ln(price) 0.0050 0.0357
[0.47] [0.09]

CAR(-180,-4) 0.1037*** 0.8829***
[4.11] [3.04]

CAR(-3,-1) 1.4286*** 18.6251***
[4.42] [10.21]

σ(-120,-11) 3.3657*** -3.3392
[5.41] [-0.32]

N 4,532 4,531
Adjusted R-squared 0.1741 0.0562

Table 8

This table displays coefficient estimates and associated t-statistics (in parentheses) for OLS regressions 
where the dependent variable is pre-announcement abnormal short selling. Abnormal short selling is 
measured using ASHTO or ASHVOL as denoted in the table. ASHTO is daily short volume divided by total 
shares outstanding less the mean value calculated on the same day for a matched portfolio of firms. 
ASHVOL is daily short volume divided by total daily trading volume less the mean value calculated on the 
same day for a matched portfolio of firms. Pre-announcement values of these variables are calculated by 
taking the average over event days -5 to -1. In Panel A, the matching portfolio is formed by grouping firms 
first by their 2-digit NAICS industry and then by their market capitalisation quintile. In Panel B, the 
matching portfolio is formed by grouping firms first by their market capitalisation quintile and then by 
their book-to-market ratio quintile. Grouping variables are calculated as at the end of the last quarter prior 
to event day zero. The main independent variables of interest are dummy variables equal to 1 if the 
CAR(0,+1) falls between the intervals (-1,-0.10), (-0.10,-0.05), (0.05,0.10) and (0.10,∞) respectively and 
zero otherwise. The omitted group contains events with a CAR(0,+1) falling within the interval (-0.05,0.05). 
The control variables are defined in the text. Standard errors are clustered at the firm and quarter level. 
Events data is from Sagient Research Systems’ CatalystTracker database. ***, ** and * denote statistical 
significance at the 1%, 5% and 10% levels respectively.

Panel A: Portfolio matched by industry and market capitalisation

Multivariate regressions of pre-announcement short sales using a portfolio matching approach
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Table 8 continued

DV = ASHTO DV = ASHVOL
(1) (2)

Intercept -0.0682 8.6560**
[-0.88] [2.08]

G1 (CAR(0,+1) < -10%) 0.1674*** 1.7214***
[3.28] [4.05]

G2 (CAR(0,+1) -10% to -5%) 0.0402 -0.2199
[1.45] [-0.58]

G4 (CAR(0,+1) 5% to 10%) 0.0140 0.2393
[0.51] [0.61]

G5 (CAR(0,+1) > 10%) 0.0207 0.3940
[1.14] [1.05]

ln(mcap) -0.0016 -0.3467
[-0.44] [-1.49]

BM 0.0086** 0.1963
[2.17] [1.04]

ln(price) -0.0002 -0.0948
[-0.02] [-0.26]

CAR(-180,-4) 0.0972*** 0.7139**
[3.81] [2.48]

CAR(-3,-1) 1.4683*** 18.5772***
[4.44] [9.87]

σ(-120,-11) 3.4154*** -1.8842
[5.59] [-0.22]

N 4,537 4,536
Adjusted R-squared 0.1762 0.0637

Panel B: Portfolio matched by market capitalisation and book-to-market
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(1) (2) (3) (4) (5) (6)
Intercept 0.1079 0.0269 -0.0038 3.0168* 2.7746* 0.3379

[1.37] [0.38] [-0.11] [1.75] [1.78] [0.59]
G1 (CAR(0,+1) < -10%) 0.1803** 0.1428** 0.2693* 1.1377** 1.2246*** 2.0586***

[2.32] [2.57] [1.97] [2.39] [2.98] [2.90]
G5 (CAR(0,+1) > 10%) 0.0412 0.0394** 0.0504 0.6012 0.2819 0.4463

[1.20] [2.32] [0.87] [0.97] [0.77] [0.54]
High blockholdings -0.0255** -0.1137

[-2.81] [-0.72]
G1 x High blockholdings -0.1368* 0.0119

[-1.74] [0.01]
G5 x High blockholdings -0.0052 -0.3542

[-0.11] [-0.36]
Foreign firm -0.0147 -0.3127

[-1.56] [-1.03]
G1 x Foreign firm -0.0695 1.1833

[-0.71] [0.67]
G5 x Foreign firm -0.0217 1.6404

[-0.37] [0.89]

DV = ASHTO DV = ASHVOL

This table displays coefficient estimates and associated t-statistics (in parentheses) for OLS regressions where the dependent variable is pre-
announcement abnormal short selling. Abnormal short selling is measured using ASHTO or ASHVOL as denoted in the table. ASHTO is daily short volume 
divided by total shares outstanding less the mean value calculated on the same day for a matched portfolio of firms. ASHVOL is daily short volume 
divided by total daily trading volume less the mean value calculated on the same day for a matched portfolio of firms. Pre-announcement values of 
these variables are calculated by taking the average over event days -5 to -1. G1 and G5 are dummy variables equal to 1 if the CAR(0,+1) falls between 
the intervals (-1,-0.10) and (0.10,∞) respectively and zero otherwise. High blockholdings is the sum of institutional block ownership positions greater 
than 5%. Foreign is a dummy variable equal to 1 if a firm's country of incorporation is not the US and zero otherwise. Size rank is a firm's quintile based 
on market capitalisation three days prior to event day zero within the sample of event firms. The control variables are defined in the text. Standard 
errors are clustered at the firm and quarter level. Events data is from Sagient Research Systems’ CatalystTracker database. ***, ** and * denote 
statistical significance at the 1%, 5% and 10% levels respectively.

Table 9
Multivariate regressions of pre-announcement short sales with cross-sectional characteristics
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Table 9 continued
Size rank -0.0027 -0.2095

[-0.61] [-1.31]
G1 x Size rank -0.0743 -0.4192

[-1.51] [-1.07]
G5 x Size rank -0.0054 -0.0105

[-0.23] [-0.03]
ln(mcap) -0.0058* -0.0017 -0.1594* -0.1461*

[-2.05] [-0.68] [-2.01] [-1.91]
BM 0.0000 0.0013 -0.0011 -0.0540 -0.0143 -0.0525

[0.02] [0.47] [-0.65] [-1.11] [-0.30] [-0.99]
ln(price) 0.0070 -0.0004 0.0002 0.2547* 0.2346 0.1941

[1.37] [-0.07] [0.02] [1.82] [1.53] [1.11]
CAR(-180,-4) 0.0899*** 0.0948*** 0.0966*** -0.2820 -0.2379 -0.2151

[4.32] [4.55] [4.75] [-0.84] [-0.69] [-0.64]
CAR(-3,-1) 1.4822*** 1.4605*** 1.4389*** 18.6597*** 18.6123*** 18.4730***

[4.13] [4.25] [4.36] [8.71] [8.34] [8.54]
σ(-120,-11) 0.4271 0.5099 0.4850 -3.2173 -3.6746 -3.2955

[0.72] [0.82] [0.83] [-0.46] [-0.58] [-0.52]
N 4,421 4,543 4,543 4,421 4,543 4,543
Adjusted R-squared 0.1247 0.1222 0.1244 0.0316 0.0330 0.0326
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DV = ASHTO DV = ASHVOL
Intercept 0.0381 2.5596*

[1.00] [1.78]
G1 (CAR(0,+1) < -10%) 0.1178*** 1.3482***

[4.64] [3.46]
G2 (CAR(0,+1) -10% to -5%) 0.0383*** -0.2167

[3.50] [-0.55]
G4 (CAR(0,+1) 5% to 10%) 0.0238 -0.0102

[1.58] [-0.03]
G5 (CAR(0,+1) > 10%) 0.0555*** 0.3753

[4.76] [1.11]
ln(mcap) -0.0015 -0.1163

[-1.00] [-1.71]
BM -0.0023 -0.0626

[-1.63] [-0.89]
ln(price) -0.0010 0.1080

[-0.40] [0.77]
CAR(-180,-4) 0.0634*** -0.0502

[8.61] [-0.14]
CAR(-3,-1) 0.8814*** 20.9964***

[8.49] [8.91]
σ(-120,-11) -0.3007 -8.6200

[-0.82] [-1.14]
N 4,543 4,543
Adjusted R-squared 0.1179 0.0346

Table 10

This table repeats the analysis from Table 5 but all continuous variables are winsorized at the 1% and 99% 
levels. The table displays coefficient estimates and associated t-statistics (in parentheses) for OLS 
regressions where the dependent variable is pre-announcement abnormal short selling. Abnormal short 
selling is measured using ASHTO in Panel A and ASHVOL in Panel B. ASHTO (abnormal short turnover) is 
daily short volume divided by total shares outstanding less its normal benchmark calculated as the mean 
over event days -120 to -21. ASHVOL (abnormal short volume) is daily short volume divided by total daily 
trading volume less its normal benchmark calculated as the mean over event days -120 to -21. Pre-
announcement values of these variables are calculated by taking the average over event days -3 to -1. The 
main independent variables of interest are dummy variables equal to 1 if the CAR(0,+1) falls within the 
intervals (-1,-0.10), (-0.10,-0.05), (0.05,0.10) and (0.10,∞) respectively and zero otherwise. The omitted 
group contains events with a CAR(0,+1) falling within the interval (-0.05,0.05). The control variables are 
defined in the text. Standard errors are clustered at the firm and quarter level. Events data is from Sagient 
Research Systems’ CatalystTracker database. ***, ** and * denote statistical significance at the 1%, 5% 
and 10% levels respectively.

Multivariate regressions of pre-announcement short sales after winzorising
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Event description Number of events
Percentage of 

events (by group)
FDA decisions:
Regulatory - PDUFA/Approval Decision (US) 233 100.0
Trial info:
Trial Announcement - Initiation 1,156 34.1
Trial Data - Updated Results 650 19.2
Trial Data - Top-Line Results 616 18.2
Trial Data - Other 451 13.3
Trial Announcement - Patient Enrollment Completed 175 5.2
Trial Announcement - Trial Completion 134 4.0
Trial Data - Final Results 104 3.1
Trial Announcement - Data Monitoring Board Analysis 31 0.9
Trial Announcement - Other 24 0.7
Trial Announcement - Go/No-Go Decision 16 0.5
Trial Announcement - Initiation (Emerging Markets) 16 0.5
Trial Announcement -  Dosing Completed 8 0.2
Trial Data - Published Results 4 0.1
Trial Announcement - Resume Trial 2 0.1
Trial Announcement - Trial Completion (Emerging Markets) 2 0.1
Trial Data (Emerging Markets) 2 0.1
Trial Announcement - Hold Lifted 1 0.0
Advisory panel:
Regulatory - FDA Advisory Panel Brief 75 70.8
Regulatory - FDA Advisory Panel Meeting 31 29.2
Other:
Regulatory - Meeting with FDA 97 11.9
Regulatory - Approval Decision (Europe) 92 11.3
Regulatory - PDUFA for sNDA/sBLA 87 10.7
Regulatory - NDA/BLA Filing 74 9.1
Regulatory - Other 72 8.9
Regulatory - MAA Submission (Europe) 54 6.7
Regulatory - CHMP (European Panel) Results 44 5.4
Regulatory - Supplemental Approval (Europe) 40 4.9
Regulatory - sNDA/sBLA Filing 34 4.2
Regulatory - Response to Complete Response Letter 30 3.7
Regulatory - 510(k)/PMA Filing 27 3.3
Regulatory - Approval Decision (Japan) 22 2.7
Regulatory - J-NDA Filing (Japan) 18 2.2
Regulatory - IND Filing 14 1.7
Regulatory - Supplemental Filing (Europe) 14 1.7
Regulatory - FDA Response 10 1.2
Regulatory - Progress Update 10 1.2
Regulatory - Decentralized Approval (Europe) 9 1.1
Regulatory - Rolling NDA/BLA Completion 8 1.0

This table displays the Catalyst Titles given to the events in the sample by Sagient Research Systems’ 
CatalystTracker database. Within each of the four groups of events, the table shows the number and 
percentage of events falling under each title.

Description of events by group
Table A1 
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Table A1 continued
Regulatory - Supplemental Filing (Japan) 6 0.7
Regulatory - Approval (Europe) - Individual Country 5 0.6
Reimbursement - NICE (UK) Guidance 5 0.6
Regulatory - Mutual Recognition Approval (Europe) 4 0.5
Regulatory - Orphan Drug Designation (Europe) 4 0.5
Regulatory - Supplemental Approval (Japan) 4 0.5
Reimbursement - Medicare/Payer (US) Decision 4 0.5
Regulatory - Approval (Canada) 3 0.4
Regulatory - Approval Decision (Emerging Markets) 3 0.4
Regulatory - CHMP (European Panel) Supplemental Filing Results 3 0.4
Regulatory - European Regulatory Communication 3 0.4
Regulatory - Meeting with European Medicines Agency 3 0.4
Reimbursement - Individual Country (Europe) Decision 3 0.4
Regulatory - Decentralized Filing (Europe) 1 0.1
Regulatory - Market Removal Hearing 1 0.1
Regulatory - Mutual Recognition Filing (Europe) 1 0.1
Regulatory - Response to Approvable Letter 1 0.1
Regulatory - Response to Non-Approvable Letter 1 0.1
Regulatory - Rolling NDA/BLA Initiation 1 0.1
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