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Abstract

We find that pre-announcement implied volatility spreads

and options trading activity are abnormally elevated and can

predict Food andDrug Administration (FDA) announcement

date stock returns. The effect is more pronounced in firms

with higher levels of information asymmetry and lower-

quality corporate governance suggesting that some options

traders are informed in advance of the details that affect

the stock price impact of the FDA news. We provide the

first examination of informed options trading prior to FDA

announcements during a 21-year period. Our findings have

implications for regulators, investors and relevant firms.
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1 INTRODUCTION

Insider trading relating toUS Food andDrugAdministration (FDA) news is prevalent as drug-related news is in the top

five news eventswhich has resulted in prosecuted insider trading filed by theUS Securities and ExchangeCommission

(SEC; Ahern, 2020; Patel & Putnins, 2020).1 SEC insider trading cases indicate that confidential information relating

to FDAnews is leaked in advance by company insiders, related stakeholders and regulatory staff. For example,Mentor

Corporation (MNT) obtained approval from the FDA to market MemoryGel breast implants in November 2006. The

FDA notified MNT of its decision prior to this news becoming public information. On the announcement date, MNT’s

stock price increased by 10% and was accompanied by large increases in trading volume.2 An external printing firm

thatwas subcontracted byMNTwas notified of the FDA’s decision so thatmarketingmaterials relating to the implants

could be released quickly once this news was made public. Using this confidential information, the Chief Executive

Officer (CEO) of the printing firm made four separate purchases of MNT call options across two brokerage accounts

prior to the public announcement of the FDA approval resulting in illegal profits of approximately $80,000. The CEO

of the printing firm also leaked this confidential information to a familymemberwho tradedMNT stocks. The litigation

case indicates that the CEO of the printing firm was aware, or should have known, that the FDA’s approval decision

was price-sensitive non-public information.3

From the MNT SEC insider trading case, the CEO of the printing firm chose to trade options to take advantage

of their inside information (not using stocks or other instruments), thereby utilizing the leverage inherent in options

contracts to maximize their trading profits. SEC insider trading cases and a recent stream of literature provide evi-

dence in support of options markets being an important venue for informed and insider trading. Easley et al. (1998)

use a sequential trading model in which informed traders utilize options for sufficient levels of liquidity and leverage.

Several studies find that options volume and order imbalance can predict future stock returns (e.g., Ge et al., 2016;

Johnson& So, 2012; Pan&Poteshman, 2006). Numerous studies report evidence of abnormal options trading activity

and implied volatility prior to a variety of major corporate news announcements (e.g., Cairney & Swisher, 2004; Chan

et al., 2015;Govindaraj et al., 2020). In addition, ameaningful fraction of price discovery is found to occur in equity and

futures options markets (e.g., Bohmann et al., 2019; Patel et al., 2020).

Given that finance theory predicts informed trading in optionsmarkets, SEC prosecution cases provide evidence of

illegal insider trading prior to FDA announcements, and numerous studies reporting evidence of abnormal changes in

price and tradingmeasures (which proxy for informed options trading) prior tomajor news announcements, we exam-

ine whether informed trading based on information leakage takes place in options markets prior to FDA announce-

ments. We make a unique contribution; to the best of our knowledge, we conduct the first examination of informed

options trading prior to FDA announcements during a 21-year sample period.

We examine 352 FDA new drug approvals and related announcements (which we term FDA announcements)

between January 1, 1996, and December 31, 2016. As applied in prior studies as measures of informed trading, we

use implied volatility spreads, options volume and order imbalance to capture the presence of informed options trad-

ing prior to FDA announcements (e.g., Bohmann & Patel, 2020; Cremers &Weinbaum, 2010; Govindaraj et al., 2020).

For example, prior studies find that implied volatility spreads capture the direction of informed traders’ private infor-

mation.

Relative to a 50-day benchmark period, multivariate panel regressions show statistically significant increases in

implied volatility spreads, call options volume and call order imbalance in the five-days preceding the FDA announce-

ment date. Our findings are consistent with numerous studies that report abnormal changes in options trading

1 The FDA has the aim of protecting the US public from the use of a wide range of products valued in excess of $2 trillion. These products include food, drugs,

biologics, medical devices/products, electronic products, cosmetics, veterinary products and tobacco products. See https://www.fda.gov for further details.

2 See Bosch & Lee (1994), Sharma & Lacey (2004), and Torabzadeh et al. (1998) for studies examining the stockmarket reaction to FDA announcements.

3 Formore details see https://www.sec.gov/litigation/complaints/2008/comp20485.pdf.

https://www.fda.gov
https://www.sec.gov/litigation/complaints/2008/comp20485.pdf
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activity (which proxy for informed options trading) prior to major price-sensitive news announcements (e.g., mergers

and acquisitions, earnings and repurchases).

Subsequently, we use cross-sectional regressions to examine whether abnormal pre-

announcement options trading activity is informative about (or can predict) FDA abnormal

announcement date stock returns. We report a positive and statistically significant relationship between FDA

abnormal announcement date stock returns and abnormal pre-announcement implied volatility spreads, abnormal

call options volume and abnormal call options order imbalance. Such findings indicate that some traders are informed

about the finer details that affect the price impact of the announcement (e.g., drugs that have the potential to signifi-

cantly improve the treatment of a life-threatening condition). Our main findings are robust to a number of alternate

specifications (e.g., various measures of informed trading, sample construction, and econometric considerations).

Insider trading/information leakage (e.g., as evidenced by SEC prosecution cases) and the superior information

processing skills of options investors provide two explanations for the positive association between abnormal pre-

announcement options trading activity and FDA abnormal announcement date stock returns.4 We show that the rela-

tionship between abnormal pre-announcement options trading activity and FDA abnormal announcement date stock

returns is stronger for firmswithhigher levels of informationasymmetry (i.e., private informationwill bemorevaluable

for firms with inefficient prices; Huddart & Ke, 2010) and firms with weaker corporate governance quality (i.e., firms

where information leakage is more likely to occur; Monks & Minow, 1995). Such findings suggest that at least some

of the abnormal trading activity that we document in options markets is based on information leakage. Furthermore,

we find that investors strategically trade prior to FDA announcements, using options that are more liquid, cheaper to

trade and that expire soon after the horizon of their information.

We find that investors earn returns of approximately 15% by purchasing call options five-days prior to FDA

announcements and closing out their positions on the day following the revelation of the news. Such returns are valu-

able for investors and provide an explanation for why we observe abnormal pre-announcement trading activity in

options, and why such pre-announcement options trading activity is informative about the FDA abnormal announce-

ment date stock returns.

This study will be of interest to regulators, investors and relevant pharmaceutical-related firms. To our knowledge,

we are the first to examine and report informed trading in options markets prior to FDA announcements. This will be

of concern to regulators and investors regardingwhether financial marketswork properly, the fairness ofmarkets and

the potential negative effects this could have upon investors’ willingness to trade and flow-on effects tomarket liquid-

ity. Pharmaceutical-related firms and related stakeholders should be concerned about the leakage of information and

may want to revise which individuals are trusted with such material information. Our findings are also informative to

regulators as they increase our knowledge of informed trading strategies, particularly where andwhen such investors

choose to trade.

Our findings contribute to the growing body of literature that reports the abnormal behavior of returns, volume,

open interest and implied volatility spreads/skew in stock and options markets around major corporate announce-

ments. For example, around earnings releases (e.g., Bohmann et al., 2019a; Lu & Ray, 2016; Tsai, 2014; Udpa, 1996),

mergers and acquisitions (e.g., Bugeja et al., 2015; Cao et al., 2005; Chan et al., 2015), repurchases (e.g., Hao, 2016),

stock splits (e.g., Chern et al., 2008), management forecast disclosures (e.g., Cairney & Swisher, 2004), bankruptcies

(e.g., Cheng et al., 2018) and large price changes (e.g., Patel & Michayluk, 2016b; Savor, 2012). Holistically, the litera-

ture suggests informed trading in options markets is a pervasive issue.

The remainder of the paper proceeds as follows. Section 2 provides a summary of the FDA approval process and

details our sample data andmethodology.We report and discuss our results in Section 3. Section 4 concludes.

4 For example, Patel et al. (2020) show that an economically meaningful fraction of information is first impounded into options prices before being reflected

in stock prices, these estimates indicate that options markets play an important role in reflecting private information and in increasing the informational

efficiency of options and stock prices.



1214 BOHMANN AND PATEL

2 FDA APPROVAL ANNOUNCEMENTS, DATA AND INFORMED TRADING
MEASURES

2.1 FDA approval announcements

A new drug (or device) goes through several stages before being considered by the FDA’s Center for Drug Evaluation

and Research for approval, marketing and sale.5 Once a firm develops a new drug compound to prevent or treat a

disease or injury, it will need to conduct pre-clinical tests of the drug on animals. Subsequently, a firm can submit an

investigational new drug (IND) application to the FDA. The IND contains detailed information about the drug (e.g.,

regarding drug chemistry, manufacturing and pre-clinical results) and the proposed testing on human subjects.

The next stage of the drug development process consists of three clinical phases. In Phase 1, the drug is tested

on up to 100 individuals to provide initial evidence regarding the drug’s effectiveness, how it is metabolized, dosage,

safety and side effects. Phase 2 is a larger-scale version of Phase 1, and testing is undertaken on several hundreds of

individuals. In Phase 3, the drug is tested on several thousands of individuals, with the aim of identifying the wider

success of the drug and its side effects. The drug development process is rigorous, as only 5% of drugs proceed past

Phase 3.

Following Phase 3, firms can submit a new drug application (NDA) to the FDA. Through the NDA, the FDA reviews,

assesses and validates the drug’s effectiveness, safety, side effects, dosage, absorption, excretion, manufacturing pro-

cess including facility inspection, pre-clinical and clinical study methodology/results and labeling. Successful FDA

approval of the NDA allows the firm to market the new drug, such approvals are the focus of this study. The FDA

notifies an applicant firm of their approval decision; subsequently, the FDApress office proceedswith announcing this

information to the public. Following FDA approval (i.e., Phase 4, the post-marketing phase), a firm typically conducts

further tests to learnmore about the drug and provides updates to the FDA.

Information leakage of FDA news is possible as representatives of the firm and representatives of the FDA have

advanced knowledge of this material information prior to the public. Therefore, it is possible for insider trading to

take place prior to FDA announcements by company insiders, regulatory staff or by individuals connected to them.

For example, a printing sub-contractor leaked inside information to a family member regarding the FDA’s approval

of MNT’s breast implants and these individuals illegally traded on such information in stock and options markets. In

another example, an Alimera Sciences (ALIM) officer was in possession of confidential information relating to the

FDA’s approval decision of a diabetes treatment drug. Prior to the FDA announcement date, this individual shared

this information with his wife, who further shared this information with several members of her family, who illegally

traded on this information. At the time, ALIM’s market capitalization was less than $300 million. Insider trading in

smaller firms suggests that the prevalence of insider trading could be related to the level of information asymmetry

(e.g., private information can be more valuable for firms that have higher levels of information asymmetry and ineffi-

cient prices). In another example, the Chief Executive Officer, general counsel and a number of executives of ImClone

Systems, and individuals connected to them, illegally traded prior to the FDA’s announcement relating to a cancer

treatment drug. Insider trading by various individuals at the same firm suggests that the prevalence of insider trading

could be related to a firm’s corporate governance quality (e.g., weaker corporate governance quality can be associ-

ated with a higher probability of information leakage). In another example relating to regulatory staff, a former FDA

employee (who did not disclose their role as a hedge fund consultant) obtained non-public material information relat-

ing to FDA approvals from FDA staff and leaked this information to a hedge fund manager. The hedge fund manager

made substantial profits from trading on such confidential information.6

5 For further details, see Ciociola et al. (2014), FDA Manual of Policies and Procedures (MAPP) and https://www.fda.gov/patients/learn-about-drug-and-

device-approvals.

6 For further information regarding these SEC litigation cases, see:https://www.sec.gov/litigation/admin/2016/34-79581.pdf,https://www.sec.gov/news/

press/2002-87.htm, andhttps://www.sec.gov/news/pressrelease/2016-119.html.

https://www.fda.gov/patients/learn-about-drug-and-device-approvals
https://www.fda.gov/patients/learn-about-drug-and-device-approvals
https://www.sec.gov/litigation/admin/2016/34-79581.pdf
https://www.sec.gov/news/press/2002-87.htm
https://www.sec.gov/news/press/2002-87.htm
https://www.sec.gov/news/pressrelease/2016-119.html
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TABLE 1 Sample selection filters

Total Standard Priority

(1) Total number of Food andDrug Administration (FDA)

announcements between January 1, 1996, and December

31, 2016

2252 1834 418

(2) Keep announcements with corresponding data in the

CRSP database

1385 1130 255

(3) Keep announcements with corresponding data in the

OptionMetrics database

898 734 164

(4) Keep announcements with non-missing abnormal implied

volatility spread values during the pre-announcement

period [−5,−1]

352 257 95

Note: This table reports the sample selection filters applied to FDA announcements between January 1, 1996, and December

31, 2016. FDAannouncements areobtained from theFDAdrugdatabase.Daily options data areobtained fromOptionMetrics

and corresponding stockdata fromCRSPandCompustat.Priorityannouncements are for drugs that demonstrate thepotential

to provide a significant improvement in themedical practice.

2.2 Data

Daily US options data are obtained from OptionMetrics, and corresponding stock data are obtained from the Center

for Research in Security Prices (CRSP) and Compustat between January 1, 1996, and December 31, 2016. For the

same sample period, we obtain 2,252 new drug approval announcements from the FDA drug database accessible via

https://www.accessdata.fda.gov.

Table 1 summarizes our sample selection filters.Wemerge FDAannouncement datawithOptionMetrics andCRSP

databy ticker and companynamewhich reduces our sample to898announcements. In addition,weexclude announce-

ments with missing values of abnormal implied volatility spreads on any day in the five-day pre-announcement period

[−5,−1] prior to the FDA announcement.7 Our final sample consists of 352 announcements from 166 companies dur-

ing a 21-year sample period.

We report the time series of FDA announcements during our sample in Table 2. After applying our selection filters,

we have an average of 17 announcements per year. The number of announcements in our sample fluctuates between

a maximum of 30 in 2014 and a minimum of six in 1999. A majority of announcements (257/352 or 73%) are given

a Standard classification by the FDA, whereas 95 announcements are given a Priority classification. A Priority classifi-

cation is determined for a “drug that demonstrates the potential to provide a significant improvement in the safety or

effectiveness of the treatment, diagnosis, or prevention of a serious or life-threatening condition fromadrug that does

not demonstrate such a potential” (FDAMAPP).

Table 3 shows a breakdown of 13 different FDA announcement classification types. For our sample of announce-

ments, the most common type is New molecular entity news (105/352 or 30%) which relates to molecules that have

never been previously approved by the FDA and are responsible for the beneficial effects of taking drugs. The sec-

ond most common type is New indication news (91/352 or 26%) which relates to new applications of existing drugs in

terms of their prevention or treatment of a disease. Unsurprisingly, a large majority of announcements are made by

pharmaceutical companies with a Standard Industrial Classification code of 2834 (250/352 or 71%).

7 If we omit this filter, we have a sample of 898 FDA announcements. Using this extended sample, we draw similar conclusions to our main results obtained

using a sample of 352 FDA announcements (see Tables IA.1 and IA.2 in the Internet Appendix IA). In addition, our sample of FDA announcement dates does

not correspondwith the release of other corporate news (e.g., earnings, dividends, mergers and acquisitions and capital structure).

https://www.accessdata.fda.gov
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TABLE 2 FDA announcements over time

Year Total Standard Priority

1996 17 10 7

1997 8 5 3

1998 13 9 4

1999 6 1 5

2000 10 8 2

2001 14 10 4

2002 16 15 1

2003 20 15 5

2004 22 11 11

2005 11 7 4

2006 29 21 8

2007 21 16 5

2008 17 15 2

2009 18 15 3

2010 21 19 2

2011 18 14 4

2012 14 11 3

2013 18 15 3

2014 30 19 11

2015 21 15 6

2016 8 6 2

Total 352 257 95

Note: This table reports the number of FDA announcements in our sample between January 1, 1996, andDecember 31, 2016.

Priority announcements are for drugs that demonstrate the potential to provide a significant improvement in themedical prac-

tice.

2.3 Informed trading measures

Similar to prior studies,wemeasure informedoptions trading using implied volatility spreads (IVS), as awidening of the

implied volatility spread captures thedirectionof an informed trader’s private information (e.g., Cremers&Weinbaum,

2010; Jin et al., 2012). For example, when investors possess positive news they can buy call options and/or sell put

options.Given thepositive relationshipbetweenoptionsprices and impliedvolatility, thiswill increase theprice spread

and thus the implied volatility spread between call and put options. A similar argument applies when investors have

negative information. For each stock-day (it), we calculate open interest-weighted implied volatility spreads:

IVSit =
Nit∑
j=1

wi
jt

(
IVi,Call

jt − IVi,Put
jt

)
, (1)

where IVi,Call
jt and IVi,Put

jt are the implied volatility for call and put option j, Nit is the total number of put–call pairs

per stock day and wi
jt is the average of the open interest between the call and put options for each put–call pair.

Implied volatility spreads are calculated using implied volatility obtained from OptionMetrics where implied volatil-

ity is calculated using a binomial tree to account for discrete dividend payments and the early exercise premium. In the
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TABLE 3 Classification of FDA announcements

Classification Total Standard Priority

Newmolecular entity 105 50 55

New active ingredient 18 4 14

New dosage form 5 5 0

New combination 0 0 0

New formulation or newmanufacturer 1 1 0

New indication 91 76 15

Drug already marketed without approved NDA 3 3 0

Partial Rx to OTC switch 29 24 5

New indication submitted as distinct NDA–consolidated with original
NDA after approval

38 34 4

New indication submitted as distinct NDA–not consolidated 12 11 1

Efficacy 2 1 1

Medical gas 6 6 0

No classification 42 42 0

Total 352 257 95

Total (pharmaceutical companies only) 250 186 64

Note: This table reports the number and classification of 352FDAannouncements in our sample between January1, 1996, and

December 31, 2016. Priority announcements are for drugs that demonstrate the potential to provide a significant improve-

ment in the medical practice. Newmolecular entity relates to molecules that have never been approved by the FDA previously

and which are responsible for the beneficial effects of taking drugs. New active ingredient relates to any component that pro-

vides pharmacological activity or other direct effects in the diagnosis, cure, mitigation, treatment or prevention of disease or

to affect the structure or any function of the body of man or animals. New dosage form relates to new ways of administering

existing drugs. New combination relates to products that comprise any combination of drugs, devices and biological products.

New formulation or newmanufacturer relates to a change in the formulation of a drug or change in themanufacturing company.

New indication relates to new applications of existing drugs in terms of their prevention or treatment of a disease.Drug already
marketed without approved new drug application (NDA) relates to drugs that are already marketed without FDA approval. Par-
tial Doctor’s Prescription (Rx) to over-the-counter (OTC) switch describes the change in drug status from requiring a practitioner

prescription due to its toxicity or potential harm to the permission of OTC sales. New indication submitted as distinct NDA-
consolidated with original NDA after approval andNew indication submitted as distinct NDA-not consolidated refer to consolidated
and not consolidated usage indications to ensure that healthcare providers can identify appropriate use of drug therapy. Effi-
cacy relates to performance-enhancing drug supplements. Medical gas relates to drugs in gas form that are manufactured,

packaged and intended for administration to a patient in anesthesia, therapy or diagnosis. Extended classification definitions

can be accessed in the FDAManual of Policies and Procedures (MAPP). Pharmaceutical companies are classified by Standard

Industrial Classification code 2834.

construction of implied volatility spreads, we exclude options with: daily average quoted spreads of greater than 50%,

zero open interest, a delta of smaller than |0.02| or greater than |0.98|, and incomplete data for put–call pairs.8 We

obtain similar results using a volume, rather than an open interest, weighting to compute implied volatility spreads.

In addition, we use options trading activity to capture informed trading to ensure that our findings are not solely

dependent on implied volatility-based measures. We measure options volume using the number of contracts traded.

For each stockday,we calculate thedaily tradedoptions volume scaledby shares outstanding (OV). Similarly,wedefine

call volume (OV.Call) and put volume (OV.Put).

8 Following Bollen and Whaley (2004), we define options moneyness: in-the-money (ITM) options have a delta range between |0.625| and |0.98|, at-the-

money (ATM) options have a delta range between |0.375| and |0.625| and out-of-the-money (OTM) options have a delta range between |0.02| and |0.375|.
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TABLE 4 Descriptive statistics

Variable Mean Median Standard deviation

AB.RET [0] (%) 0.973 0.187 3.921

IVS [−60,−11] (%) −0.393 −0.300 3.760

AB.IVS [−5,−1] (%) 0.118 0.121 3.746

IV [−5,−1] (%) 41.309 32.686 28.702

OV [−60,−11] (%) 0.115 0.047 0.296

AB.OV [−5,−1] (%) 0.041 0.029 0.022

SV [−5,−1] (%) 2.343 0.202 1.351

PRC ($) 32.467 22.110 39.707

MktCap ($m) 18,028.34 1,189.09 47,966.32

Note: This table shows descriptive statistics of options and stock trading variables:AB.RET [0] is stock returnminus the return

on the value-weighted CRSP market index on the FDA announcement on day [0], IVS [−60,−11] is implied volatility spread

averaged during the days [−60,−11], AB.IVS [−5,−1] is abnormal implied volatility spread averaged during the days [−5,−1],

IV [−5,−1] is implied volatility averaged during the days [−5,−1],OV [−60,−11] is options volume scaled by shares outstand-

ing averaged during the days [−60,−11], AB.OV [−5,−1] is abnormal options volume scaled by shares outstanding averaged

during the days [−5,−1], SV [−5,−1] is stock volume scaled by shares outstanding averaged during the days [−5,−1], PRC is

closing share price and MktCap is the market capitalization as of the end of the fiscal year prior to the announcement. The

sample comprises 352 FDA announcements from 166 firms between January 1, 1996, and December 31, 2016.

We calculate the abnormal values of each informed tradingmeasure (AB.Metricie) by taking the difference between

the daily tradingmeasure during the event period [−10,+10] around the FDA announcement and the average value of

the tradingmeasure during the benchmark period [−60,−11]:

AB.Metricie = Metricie −
1
50

t = −11∑
t = −60

Metricit, e ∈ [−10,+10] , (2)

where Metricie is IVS, OV, OV.Call, or OV.Put. The FDA announcement date is day 0. For our main analysis, the pre-

announcement period is defined as the five-day period prior to the FDA announcement date [−5,−1].

3 RESULTS

3.1 Descriptive statistics

Table 4 reports descriptive statistics of options and stock variables used in our analysis. Our analysis focuses on larger

stocks by construction (i.e., stocks that have listed options), and this is evident as the average market capitalization of

sample stocks is approximately$18,000million.AverageFDAabnormal announcementdate stock returns (AB.RET [0])

are approximately 1%, and average abnormal pre-announcement implied volatility spreads (AB.IVS[−5,−1]) are pos-

itive, indicating more options trading on positive rather than negative information. Consistent with prior studies,

options trading volume is smaller than stock volume. For example, in the five-days prior to the announcement date, the

mean stock volume (SV[−5,−1]) and options volume (OV[−5,−1]) scaled by shares outstanding are 2.34% and 0.15%,

respectively. The average implied volatility (IV[−5,−1]) in the five days prior to an FDA announcement is approxi-

mately 41% indicating a significant amount of future volatility.
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F IGURE 1 Abnormal behavior of implied volatility, options volume and stock returns around Food andDrug
Administration (FDA) announcements
Note: This figure illustrates the average abnormal implied volatility spread (A), abnormal options volume scaled by
shares outstanding (B), abnormal implied volatility (C) and abnormal stock returns (D) around FDA announcements.
We calculate abnormal values of each trading/pricemeasure as the difference between the daily trading/price
measure during the event period [−10,+10] and the average of the trading/pricemeasure during the benchmark
period [−60,−11]. Solid squares indicate observations that are statistically significant at a 95% confidence level. The
horizontal axis expresses days relative to the FDA announcement on day 0. The sample comprises 352 FDA
announcements from 166 firms between January 1, 1996, and December 31, 2016

3.2 Abnormal trading and price measures

We examine univariate plots of several variables of interest. Figure 1 plots the abnormal behavior of implied volatility

spreads, options volume scaled by shares outstanding, implied volatility and stock returns during the period [−10,+10]

around the FDA announcement date. Solid squares indicate observations that are statistically significant at a 95%

confidence level.

Figure 1A shows that abnormal implied volatility spreads are positive during the [−9,−2] period, reaching a maxi-

mumof approximately 0.40%on day−7, before slightly declining, and again rising on day 0 to 0.70%. Themean abnor-

mal implied volatility spreads during the period [−5,−1] prior to the announcement date is 0.118%.9 Following the

announcement, abnormal implied volatility spreads largely remain below 0%.

Figure 1B shows that abnormal scaled options volume increases from close to 0% on day −10 to a maximum of

0.08% on day 0. The abnormal options volume on day −1 is more than twice as large than during the period [−9,−2].

Post-announcement, abnormal scaled options volume fluctuates around 0.02% until day+8.

Abnormal levels of implied volatility reported in Figure 1C show a similar pattern to abnormal scaled options vol-

ume prior to the announcement date—increasing from approximately 1% on day −10 to 3% on day −1. Once the

FDA announcement is revealed to the market, abnormal implied volatility quickly falls below 0% consistent with the

announcement reducing the level of uncertainty between investors.

9 We draw similar conclusions if we winsorize implied volatility spreads at the 5th and 95th percentiles and re-calculate abnormal implied volatility spreads,

for example, themean abnormal implied volatility spreads during the period [−5,−1] is 0.15%.
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Figure 1D shows the behavior of abnormal stock returns. Largely speaking, abnormal returns fluctuate around

0% pre and post announcement. However, on the announcement date, abnormal returns peak at 1% consistent with

the FDA announcement containing material information. The magnitude of the FDA abnormal announcement stock

returns thatwe report in this study is economicallymeaningful and similar to themagnitude of abnormal stock returns

observed on earnings, repurchases, stock splits and divestitures announcement dates (e.g., Chern et al., 2008; Hao,

2016; Patel & Michayluk, 2016a; Skinner, 1991).10 Our results indicate that FDA announcements contain material

information that causes a permanent increase in prices, as following the announcement date, cumulative abnormal

returns reach 2% on day +10. If FDA announcements contain non-material information we would expect to see a

reversal in prices after the announcement is revealed to themarket.

Holistically, the abnormal behavior of implied volatility spreads, scaled options volume, implied volatility and stock

returns provides univariate evidence that at least some traders are informed about the upcoming FDAannouncement.

A weakness of univariate tests is that it does not account for other important factors that can affect implied volatility

spreads (e.g., changes in stock prices and volatility). As a result, in the following sections, we use multivariate analysis

to more formally andmore accurately investigate the prevalence of informed options trading prior to FDA announce-

ments.

3.3 Abnormal implied volatility spreads

Prior studies use implied volatility spreads to measure informed options trading. We use multivariate panel regres-

sions to examine whether implied volatility spreads are significantly different in the days preceding FDA announce-

ments while controlling for other factors. If some traders are informed we expect to observe abnormal increases in

implied volatility spreads (IVS) prior to FDAannouncements. Using stock-dayobservations during thewindow [−60,0],

we estimate the following panel regressions:

IVSit = 𝛽0 + 𝛽1EventDVit +
∑
j

𝛾jControlsit + 𝜀it , (3)

where EventDVit is a dummy variable equal to one during the pre-announcement period [−5,−1] and equal to zero

during the benchmark period [−60,−11]. We also include the following control variables: Lag.AB.RETit is stock return

minus the value-weighted CRSP index return lagged by one-day, |Lag.AB.RET| it is the absolute value of Lag.AB.RETit ,
Lag.IVSit is IVSit lagged by one-day and Lag.OVit is options volume scaled by shares outstanding lagged by one-day. In

addition, we include event fixed effects and cluster standard errors bymonth.

Across Models 1 to 3 in Table 5, we report a positive and significant relationship between IVSit and EventDVit . The

EventDVit coefficient estimate indicates that average implied volatility spreads increase by approximately 0.22% in

the five-days prior to FDAannouncements, relative to its benchmark level. This increase in implied volatility spreads is

statistically significant at a 95% level of confidence (i.e., t-statistics exceed 2.30 across the threemodels). Our findings

are consistent with studies that report abnormal increases in implied volatility spreads prior to price-sensitive news

(e.g., prior to repurchase announcements; Hao, 2016), where changes in implied volatility spreads proxy for informed

options trading. In thenext section,weexaminewhether the abnormal pre-announcement changes in implied volatility

spreads are informative about (or can predict) FDA abnormal announcement date stock returns.

10 Given that by definition our analysis focuses on larger stocks which have liquid listed options, the FDA abnormal announcement stock returns that we

report are smaller than similar prior FDA studies which do not impose such filters on their sample. If we regress FDA abnormal announcement date stock

returns on a dummy variable equal to one if the stock has listed options and equal to zero if the stock does not have listed options, we find that the abnor-

mal announcement returns for stocks with listed options is approximately 0.50% smaller than for stocks without listed options (see Table IA.3, Model 3,

OptionDVit t-statistic=−2.22). Given that we find larger announcement returns for smaller stocks when compared to larger stocks in our sample, this should

bias against reporting evidenceof informed trading for our sampleof larger stocks as informed trading ismore likely tooccur for higher announcement returns

(or where the value of information or trading profits is higher). In any case, for our sample of larger stocks we report evidence of informed trading prior to

FDA announcements.
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TABLE 5 Abnormal behavior of implied volatility spreads prior to FDA announcements

Model 1 Model 2 Model 3

Intercept −0.022 (−213.37)*** −0.021 (−66.92)*** −0.017 (−8.52)***

EventDVit 0.226 (2.42)** 0.224 (2.30)** 0.216 (2.40)**

Lag.AB.RETit −0.046 (−2.25)** 0.008 (0.34)

|Lag.AB.RET|it −0.014 (−0.48)

Lag.IVSit 0.165 (2.84)***

Lag.OVit −0.003 (−0.35)

Event FE Yes Yes Yes

N 18,824 18,824 18,824

Adj. R2 0.17 0.17 0.19

Note: This table reports coefficient estimates from the following panel regressions of daily implied volatility spread (IVSit) on
various independent variables using stock-day observations during the window [−60,0]:

IVSit = 𝛽0 + 𝛽1EventDVit +
∑
j
𝛾jControlsit + 𝜀it ,

where EventDVit is a dummy variable equal to one during the pre-announcement period [−5,−1] and equal to zero during

the benchmark period [−60,−11], Lag.AB.RETit is stock return minus the return on the value-weighted CRSP market index

lagged by one-day, |Lag.AB.RET|it is the absolute value of Lag.AB.RETit , Lag.IVSit is implied volatility spread lagged by one-day

and Lag.OVit is options volume scaled by shares outstanding lagged by one-day. We include event fixed effects and cluster

standard errors by month. The sample comprises 352 FDA announcements from 166 firms between January 1, 1996, and

December 31, 2016. t-statistics are reported in parentheses. ***, ** and * indicate statistical significance at the 1%, 5% and

10% levels, respectively.

In robustness tests, we report similar parameter estimates and statistical significance relating to the EventDVit .

First, we reach similar conclusions in Models 2 and 3 when we include an increasing number of control variables

(adjusted R2 ranging between 17% and 19%). Second, our findings are robust to clustering standard errors by month

only, by firm only or by firm and month (i.e., EventDVit variable t-statistics exceed 2.10). Third, we report similar find-

ings ifwedefineEventDVit as adummyvariable equal to oneduring thepre-announcement period [−10,−1] or [−3,−1].

Themotivation for these alternative definitions of the pre-announcement window is based on the behavior of implied

volatility spreads prior to FDA announcements illustrated in Figure 1. Our conclusions remain unchanged, see Table

IA.4, Model 3 (Model 6), average implied volatility spreads increase by 0.170% (0.238%) in the ten-days (three-days)

prior to the FDA announcement from its benchmark level, and such increases in spreads are significant at a 95% con-

fidence level. Fourth, our results are robust if we winsorize implied volatility spreads at the 5th and 95th percentiles.

Finally, in the following sections, we draw similar conclusions using other proxies for informed trading (e.g., call options

volume and order imbalance).

3.4 Informed trading prior to FDA announcements

Using abnormal pre-announcement implied volatility spreads as a proxy for informed trading, we investigate whether

some traders are informed about the details that affect the price impact of the announcement (e.g., the life-saving

ability of a new drug). If some traders have such knowledge thenwe expect to observe a positive relationship between

abnormal pre-announcement implied volatility spreads and FDA abnormal announcement date stock returns.We test

this hypothesis using the following cross-sectional regressions:

AB.RET[0]it = 𝛽0 + 𝛽1AB.IVS[−5,−1]it +
∑
j

𝛾jControlsit + 𝜀i,t , (4)
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TABLE 6 Abnormal implied volatility spreads and FDA announcement returns

Model 1 Model 2 Model 3

Intercept 0.021 (2.59)*** 0.023 (2.73)*** 0.060 (1.52)

AB.IVS[−5,−1]it 0.222 (2.47)** 0.214 (2.18)** 0.216 (2.06)**

AB.RET[−5,−1]it −0.118 (−0.44) −0.142 (−0.53)

SV[−5,−1]it −0.045 (−0.21) −0.316 (−1.10)

Vola[−5,−1]it −0.208 (−1.34) −0.276 (−1.68)*

Past.RETit −0.111 (−0.06)

Std.RETit 0.126 (0.49)

MktCapit −2.098 (−1.08)

PriorityDVit 0.001 (0.26) 0.001 (0.23) 0.001 (0.22)

Type FE Yes Yes Yes

Year FE Yes Yes Yes

N 352 352 352

Adj. R2 0.11 0.12 0.14

Note: This table reports coefficient estimates from the following cross-sectional regressions of abnormal announcement day

[0] stock returns (AB.RET[0]it) on various independent variables using stock-day observations:
AB.RET[0]it = 𝛽0 + 𝛽1AB.IVS[−5,−1]it +

∑
j
𝛾jControlsit + 𝜀i,t ,

where AB.IVS[−5,−1]it is the abnormal implied volatility spread averaged during the days [−5,−1], AB.RET[−5,−1]it is stock
returnminus the return on the value-weightedCRSPmarket index averaged during the days [−5,−1], SV[−5,−1]it is stock vol-
ume scaled by shares outstanding averaged during the days [−5,−1], Vola[−5,−1]it is stock return volatility averaged during

the days [−5,−1], Past.RETit is stock return minus the return on the value-weighted CRSP index calculated during the period

[−40,−11], Std.RETit is the standard deviation of stock returns calculated during the period [−210,−11],MktCapit is the nat-
ural logarithm of market capitalization as of the end of the fiscal year prior to the announcement and PriorityDVit is a dummy

variable equal to one if the announcement is classified by the FDA as Priority and equal to zero if the announcement is classi-

fied as Standard. We include FDA classification type fixed effects, year fixed effects and cluster standard errors by firm. The

sample comprises 352FDAannouncements from166 firms between January 1, 1996, andDecember 31, 2016. t-statistics are
reported in parentheses. ***, ** and * indicate statistical significance at the 1%, 5% and 10% levels, respectively.

where AB.RET[0]it is the abnormal return on the FDA announcement date which is calculated as the stock return

minus the value-weighted CRSP index return, and AB.IVS[−5,−1]it is abnormal implied volatility spread averaged

during the days [−5,−1]. Based on studies that find that relative to stock prices, options play a less important role

in the price discovery process, we include the following stock market control variables: AB.RET[−5,−1]it is stock

return minus the return on the value-weighted CRSP index averaged during the days [−5,−1], SV[−5,−1]it is stock

volume scaled by shares outstanding averaged during the days [−5,−1] and Vola[−5,−1]it is stock return volatil-

ity averaged during the days [−5,−1]. In addition, we include the following variables that control for more general

firm characteristics: Past.RETit is stock return minus the return on the value-weighted CRSP index calculated during

the period [−40,−11], Std.RETit is the standard deviation of stock returns calculated during the period [−210,−11],

MktCapit is the natural logarithm of market capitalization as of the end of the fiscal year prior to the announcement

and PriorityDVit is a dummy variable equal to one if the announcement is classified as Priority and equal to zero if the

announcement is classified as Standard. In addition, we include FDA classification type fixed effects, year fixed effects

and cluster standard errors by firm.

Table 6 reports our cross-sectional regression findings. The key variable of interest is AB.IVS[−5,−1]it . Consistent

across Models 1 to 3, we find that abnormal implied volatility spreads are a positive determinant of FDA abnor-

mal announcement date stock returns (i.e., regression coefficient of 0.22). This finding is statistically significant at

a 95% level of confidence (i.e., t-statistics exceed 2.06) and economically significant (i.e., a one standard deviation
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increase in AB.IVS[−5,−1]it (3.746) is associated with an estimated increase in AB.RET[0]i,t by 0.809%. An increase in

AB.RET[0]i,t by 0.809% is economicallymeaningful as this captures 83%of themeanAB.RET[0]i,t or 21%of its standard

deviation). Our results are economically meaningful and larger than reported in similar informed options trading

studies. For example, Hao (2016) and Govindaraj et al. (2020) report that a one standard deviation increase in pre-

announcement implied volatility spreads is associatedwith a 0.30% increase in abnormal announcement returns from

repurchase and earnings news, respectively. A reasonable proportion of the variation in AB.RET[0]it is explained by

our regression models with adjusted R2 values between 11% and 14%. Using abnormal implied volatility spreads as a

proxy for informed trading, we report evidence that suggests that at least some traders are informed about the finer

details of the FDA newswhich affect its stock price impact.

Our cross-sectional findings are robust to several alternate specifications. First,we reach similar conclusions across

Models 1 to 3 which includes an increasing set of control variables. Second, instead of clustering standard errors

by firm only, we report similar results when applying standard errors clustered by month only or by firm and month

(i.e., AB.IVS[−5,−1]it variable t-statistics exceed 2). Third, our findings are robust and statistically significant at a 95%

level of confidence, if we instead calculate abnormal implied volatility spreads averaged during the days [−10,−1] and

[−3,−1] (seeTable IA.5). Fourth,wedrawsimilar conclusions ifwe instead calculate abnormal implied volatility spreads

using implied volatility spreadswinsorized at the 5th and95th percentiles. Last, our findings are not unique tomeasur-

ing informed trading using implied volatility spreads; subsequently, we report that abnormal call options volume and

order imbalance are also significant determinants of FDA abnormal announcement date stock returns.

3.5 Leakage of inside information

There are twopossible explanations for thepositive associationbetweenabnormal pre-announcement implied volatil-

ity spreads and FDA abnormal announcement date stock returns. The first explanation is that investors illegally trade

in theoptionsmarket. SECprosecution cases show that illegal insider trading in stock andoptionsmarkets occurs prior

to FDA announcements, where such information is leaked by company insiders, related stakeholders and individuals

connected to them.

The second explanation is that options investors are advanced (or sophisticated) investors with a superior abil-

ity to process public information via directional trading strategies, whereby their trading increases the informational

efficiency of options and stock prices. Consistent with this notion, Patel et al. (2020) find that options are the first to

incorporate new informationbefore being transmitted into stock prices, approximately one-fifth of the time. Such esti-

mates indicate that options markets play an important role in increasing the informational efficiency of stock prices,

and such estimates are larger during price-sensitive news releases.

We focuson firm-level informationasymmetry and corporate governance characteristics todeterminewhether the

positive association between abnormal pre-announcement implied volatility spreads and FDA abnormal announce-

ment date stock returns can be attributed to insider trading or the information processing skills of options investors.

In our analysis, we consider several proxies of information asymmetry and corporate governance, including dividends

paid, analyst coverage and the value of institutional blockholdings. We note that information asymmetry and corpo-

rate governance are correlated, that is, firms that are associated with higher levels of information asymmetry are also

associated with weaker corporate governance quality (e.g., Kanagaretnam et al., 2007).

In a traditional sense, firms that are smaller, pay low dividends and have low analyst coverage are associated with

higher levels of information asymmetry (Chiang & Venkatesh, 1988). Therefore, if insider trading can explain the

abnormal pre-announcement increases in implied volatility spreads (at least partly), we hypothesize that an insider’s

private informationwill bemore valuable/profitable regarding firmswith higher levels of information asymmetry that

have inefficient prices (Huddart & Ke, 2010).

Furthermore, firms that have institutional owners are likely to have a larger oversight of managers and thus

stronger corporate governance quality (Monks & Minow, 1995). We proxy for corporate governance using the total
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value of institutional blockholding positions that exceed 5% (Dittmar & Mahrt-Smith, 2007). If insider trading can

explain (at least in part) abnormal pre-announcement increases in implied volatility spreads, we expect firms with

weaker corporate governance quality (proxied by institutional monitoring) to be associated with a higher probability

of information leakage by corporate insiders.

To test our hypotheses, we define the following dummy variables: DivDVit is a dummy variable equal to one if the

firm is in the top quartile of firms by annual dividends paid and equal to zero otherwise, AnalystDVit is a dummy vari-

able equal to one if the firm is in the top quartile of firms by number of analysts covering the firm and equal to zero

otherwise and BHoldingsDVit is a dummy variable equal to one if the firm is in the top quartile of firms by the value of

institutional blockholding positions and equal to zero otherwise.11 We find a positive correlation between theDivDVit ,

AnalystDVit and BHoldingsDVit variables indicating that these variables capture similar information asymmetry and

corporate governance phenomenon. The correlation between all variables of interest exceeds 0.10. We draw similar

conclusions examining the correlation between size, dividends paid, number of analysts and value of blockholdings

(i.e., the continuous versions of these variables).

We use cross-sectional regressions with interaction terms to investigate whether abnormal pre-announcement

changes in implied volatility spreads prior to FDA announcements are related to firm-level information asymmetry

and corporate governance characteristics. For example, when proxying for information asymmetry using dividends

paid, we re-estimate equation (4) with the full set of independent variables and include DivDVit , as well as interac-

tion terms between the dummy variable and all of the independent variables. To be consistent with an information

leakage/insider trading story, we would expect to observe a positive (negative) coefficient on the AB.IVS[−5,−1]it
(AB.IVS[−5,−1]it x DivDVit , AB.IVS[−5,−1]it x AnalystDVit and AB.IVS[−5,−1]it x BHoldingsDVit) variable(s) indicating

that informed options trading ismore (less) likely to occur in firmswith higher (lower) levels of information asymmetry

andweaker (stronger) corporate governance quality.

Table 7 reports our cross-sectional regression findings. Across Models 1 to 3, we find that the AB.IVS[−5,−1]it
coefficient estimate is positive and statistically significant, consistent with our predictions. The positive relationship

between abnormal pre-announcement implied volatility spreads andFDAabnormal announcement date stock returns

(AB.RET[0]it) is more predominant for firms with higher levels of information asymmetry (e.g., smaller low dividend-

paying firms (Model 1) or firms with low analyst coverage (Model 2)) and firms with weaker corporate governance

quality (e.g., lower institutional monitoring (Model 3).

In our analysis, we also examine the following interaction terms in Models 1, 2 and 3: AB.IVS[−5,−1]it x DivDVit ,

AB.IVS[−5,−1]it x AnalystDVit and AB.IVS[−5,−1]it x BHoldingsDVit , respectively. Consistent with our hypotheses, and

irrespective of howwe proxy for information asymmetry/corporate governance, we report a negative and statistically

significant interaction term; thereby indicating that abnormal pre-announcement changes in options trading activity

are relatively weaker in firms where the value of information is lower (i.e., larger high dividend-paying firms (Model 1)

or firms followed by a high number of analysts (Model 2)) or firms where information leakage is less likely (i.e., firms

with higher levels of institutional monitoring (Model 3)).

In subsequent sections, we use options volume and options order imbalance as alternative proxies for informed

trading in options markets. Using cross-sectional regressions with interaction terms, we draw similar conclu-

sions to those reported in Table 7, if we proxy for informed options trading using abnormal pre-announcement

call options volume during the period [−5,−1] (AB.OV.Call[−5,−1]it) instead of AB.IVS[−5,−1]it or using abnor-

mal pre-announcement call options order imbalance during the period [−5,−1] (AB.OI.Call[−5,−1]it) instead of

AB.IVS[−5,−1]it . For example, using analyst coverage to proxy for information asymmetry, we find a positive relation-

ship between AB.RET[0]it and AB.OV.Call[−5,−1]it (t-statistic= 2.17) and a negative relationship between AB.RET[0]it
and AB.OV.Call[−5,−1]it x AnalystDVit (t-statistic = −2.77). For example, using the value of blockholding positions

to proxy for corporate governance, we find a positive relationship between AB.RET[0]it and AB.OI.Call[−5,−1]it

11 We obtain the number of analysts covering the firm from Institutional Brokers Estimate System (IBES), and institutional holdings from Thomson Reuters

Institutional 13F Holdings.
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TABLE 7 Leakage of inside information

Model 1 Model 2 Model 3

Intercept −0.064 (−0.80) −0.108 (−0.98) 0.041 (0.59)

DivDVit 0.065 (0.83)

AnalystDVit 0.268 (1.84)*

BHoldingsDVit 0.117 (1.87)*

AB.IVS[−5,−1]it 1.547 (2.14)** 1.233 (2.43)** 0.583 (1.94)*

AB.IVS[−5,−1]it x DivDVit −1.337 (−2.33)**

AB.IVS[−5,−1]it x AnalystDVit −1.216 (−1.80)*

AB.IVS[−5,−1]it x BHoldingsDVit −0.562 (−4.02)***

Controls Yes Yes Yes

Controls x Interaction Yes Yes Yes

Type FE Yes Yes Yes

Year FE Yes Yes Yes

N 352 352 352

Adj. R2 0.78 0.51 0.68

Note: This table reports coefficient estimates from the following cross-sectional regressions of abnormal announcement day

[0] returns (AB.RET[0]it) on various independent variables using stock-day observations:
AB.RET[0]it = 𝛽0 + 𝛽1X.DVit + 𝛽2AB.IVS[−5,−1]it + 𝛽3(X.DVit x AB.IVS[−5,−1]it) +

∑
j
𝛾jControlsit + 𝜀i,t ,

where X.DVit isDivDVit , AnalystDVit and BHoldingsDVit in Models 1, 2 and 3, respectively.DivDVit is a dummy variable equal to

one if the firm is in the top quartile of firms by annual dividends paid and equal to zero otherwise,AnalystDVit is a dummy vari-

able equal to one if the firm is in the top quartile of firms by number of analysts covering the firm and equal to zero otherwise

and BHoldingsDVit is a dummy variable equal to one if the firm is in the top quartile of firms by value of institutional blockhold-

ings and equal to zero otherwise. AB.IVS[−5,−1]it is the abnormal implied volatility spread averaged during the days [−5,−1].

Controls include the following variables:AB.RET[−5,−1]it is stock returnminus the return on the value-weightedCRSPmarket

index averaged during the days [−5,−1], SV[−5,−1]it is stock volume scaled by shares outstanding averaged during the days

[−5,−1], Vola[−5,−1]it is stock return volatility averaged during the days [−5,−1], Past.RETit is stock return minus the return

on the value-weightedCRSP index calculated during the period [−40,−11], Std.RETit is the standard deviation of stock returns
calculated during the period [−210,−11],MktCapit is the natural logarithm of market capitalization as of the end of the fiscal

year prior to the announcement and PriorityDVit is a dummy variable equal to one if the announcement is classified by the FDA

asPriority and equal to zero if the announcement is classified as Standard.We include FDAclassification type fixed effects, year

fixed effects and cluster standard errors by firm. The sample comprises 352FDAannouncements from166 firmsbetween Jan-

uary 1, 1996, and December 31, 2016. t-statistics are reported in parentheses. ***, ** and * indicate statistical significance at

the 1%, 5% and 10% levels, respectively.

(t-statistic = 2.30) and a negative relationship between AB.RET[0]it and AB.OI.Call[−5,−1]it x BHoldingsDVit (t-

statistic = −2.04). Such findings indicate that the relationship between FDA abnormal announcement date stock

returns and abnormal pre-announcement options trading activity ismore pronounced for stockswith increased infor-

mation asymmetry and weaker corporate governance characteristics, and such characteristics are consistent with

informed options trading based on private information occurring prior to FDA announcements.

Holistically the findings in this section indicate that insider trading is a possible explanation for some of the pre-

announcement options trading observed prior to FDA announcements.We report that the increases in abnormal pre-

announcement options trading activity are larger in firms with inefficient prices where private information is more

valuable (i.e., firmswith higher levels of information asymmetry) and in firmswhere information leakage is more likely

(i.e, firms with weaker corporate governance quality). Our findings are consistent with SEC prosecution cases that

show instances of illegal insider trading occurring prior to FDA announcements.
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3.6 Informed trading characteristics

In this section, we investigate how different characteristics that affect the degree of informed trading affect our panel

and cross-sectional specifications expressed in equations (3) and (4) and findings reported in Tables 5 and 6. The SEC

notes that one feature of insider trading is trades made using shorter-term options, that is, insiders trade options that

are cheaper andexpire soon after thehorizonof their information. To capture this first informed trading characteristic,

we re-estimate implied volatility spreads using options with a shorter (5–50 days) and a longer (50–90 days) time-to-

maturity.

Easley et al. (1998) suggest that the amount of informed trading in options is a function of the liquidity of options

relative to the underlying stock. We measure relative options to stock liquidity (our second characteristic), using the

ratio of the options bid–ask spread scaled by the options midpoint price scaled by Amihud’s (2002) stock illiquidity.

A third characteristic that influences informed options trading is the degree of moneyness (Patel et al., 2020). For

additional leverage, investors may prefer to trade away-from-the-money options, compared to ATMoptions. Alterna-

tively, to hide the value of their information, investors may prefer to trade cheaper andmore liquid ATMoptions.

Focusing on these three characteristics of informed trading, Table IA.6 reports our panel regression results, and

Table IA.7 reports our cross-sectional regression results. The abnormal increases in pre-announcement implied volatil-

ity spreads (Table IA.6), and the predictability of FDA abnormal announcement date stock returns by abnormal pre-

announcement implied volatility spreads (Table IA.7), are more pronounced for strategic informed options trading

characteristics reported in prior studies, that is, using options with a shorter time-to-maturity (Model 1), using rela-

tively more liquid options relative to the underlying stock (Model 2) and using ATMoptions (Model 3).

3.7 Options trading volume

To examine whether our findings are unique to implied volatility-based measures, we use options trading volume as

an alternate proxy for informed trading. Similar to equation (3), we estimatemultivariate panel regressions, except we

replace IVSwith options volume scaled by shares outstanding (OV):

OVit = 𝛽0 + 𝛽1EventDVit +
∑
j

𝛾jControlsit + 𝜀it. (5)

Table IA.8, Model 1, shows that the EventDVit variable is positive and significant indicating that scaled options vol-

ume is 3.92% larger in the five-dayperiodprior toFDAannouncements relative tonormal tradingperiods. Ifwe include

control variables, we obtain similar results in Models 2 and 3 where options volume is 3.95% and 3.57% larger in the

days preceding the announcement, respectively.

We decompose OVit into two components: call options volume scaled by shares outstanding (OV.Callit) and put

options volume scaled by shares outstanding (OV.Putit). Using similar panel regression specifications detailed in equa-

tion (5), Table 8, Model 3, shows that scaled call options volume increases in level by approximately 2.14% from the

benchmark to the pre-announcement period. Similarly, Model 6 shows that put options volume increases in level by

approximately 1.43% from the benchmark to the pre-announcement period. Such increases in pre-announcement

options volume could be due to informed trading. In the next section, we investigate whether such changes in call

and put options volume are driven by buy or sell options volume (i.e., using order imbalance).

Following on, we use similar cross-sectional regressions as detailed in equation (4); however, we use abnormal pre-

announcement options volume averaged during the days [−5,−1] (AB.OV[−5,−1]it), rather than AB.IVS[−5,−1]it , to
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investigate if some individuals are knowledgeable about the specific contents of FDA announcements:

AB.RET[0]it = 𝛽0 + 𝛽1AB.OV[−5,−1]it +
∑
j

𝛾jControlsit + 𝜀i,t. (6)

In Models 2 and 3 of Table IA.9, we find that abnormal pre-announcement options volume is a significant deter-

minant of FDA abnormal announcement date stock returns controlling for a range of factors. Using similar cross-

sectional specifications detailed in equation (6), in Models 1 to 3 (Models 4 to 6) of Table 9, we report the relationship

between AB.RET[0]it and abnormal pre-announcement call (put) volume, AM.OV.Call[−5,−1]it (AB.OV.Put[−5,−1]it).

We find that abnormal levels of pre-announcement call options volume significantly explain FDA abnormal announce-

ment date stock returns (i.e., regression coefficient (t-statistic) of 9.516 (1.80) in Model 2 and 9.468 (2.11) in Model

3). This relationship indicates that call options traders are informed about the stock price impact relating to the FDA

news.12 In contrast, we report an insignificant relationship between AB.RET[0]i,t and AB.OV.Put[−5,−1]it indicating

that abnormal pre-announcement put options volume is not informative nor contains any predictability of FDA abnor-

mal announcement date stock returns.13

3.8 Options order imbalance

To shed further light on options trading activity prior to FDA announcements we examine call and put order imbal-

ance. For each stock, we use bulk classification techniques developed by Easley et al. (2012) to decompose call and put

options volume each day into buy and sell options volume. In essence, the bulk classification of volume uses standard-

ized returns to decompose volume into buy and sell components during an interval.

Bulk classification provides a reliable and cost-effective approach to signing volume, has been applied in stock and

derivatives markets (e.g., Easley et al., 2012a, 2012b, 2016, 2020) and has several advantages. First, many databases

do not report buy and sell volume so bulk classification can be used to sign volume. Second, traditional methods of

signing volume (e.g., Lee & Ready, 1991) require the examination of millions of trade and quote observations. In some

cases, such large intraday data may not be available, may be costly to acquire/store and require additional computa-

tional power for analysis. Bulk classification can overcome such limitations. Third, due to the sheer amount of trading

from high-frequency and algorithmic traders, exchanges cannot guarantee the exact sequence in which trades and

quotes take place meaning that traditional methods to signing volume do so with error. When measurement error

exists, determining signed volume can be more accurate using bulk classification/counting when compared to tradi-

tional signing methods using individual classification/counting (Mosteller, 1965). For example, Easley et al. (2012b)

find that bulk classification is more accurate in signing futures volumewhen compared to the tick rule.

For each stock day (it), for each call option j, we classify the proportion of buys and sells using bulk classification:

Vi,Call,Buy
jt = Vi,Call

jt t′
⎛⎜⎜⎝
ri,Calljt

𝜎
i,Call
rj

, df
⎞⎟⎟⎠ , (7)

12 Instead of clustering standard errors by firm only, we report similar results when applying standard errors clustered by month only or by firm and month.

For example, if we run the same cross-sectional regression specification as in Table 9, Model 3, except applying standard errors clustered by firm and month

(rather than by firm only), we find that the t-statistic associated with the AB.OV.Call[−5,−1]it variable is 2.07.

13 In Table 9, Models 3 and 6, firm size (MktCapit) has a positive relationship with abnormal announcement date stock returns. All else equal, this indicates

larger announcement returns for larger firms. Larger firms have an increased capacity to develop drugs which can have a larger benefit to society, thereby

providing a possible driver for themagnitude of the announcement returns.
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Vi,Call,Sell
jt = Vi,Call

jt

⎡⎢⎢⎣1 − t′
⎛⎜⎜⎝
ri,Calljt

𝜎
i,Call
rj

, df
⎞⎟⎟⎠
⎤⎥⎥⎦ = Vi,Call

jt − Vi,Call,Buy
jt , (8)

whereVi,Call,Buy
jt (Vi,Call,Sell

jt ) is the buy (sell) call options volume, Vi,Call
jt is the total call options volume, t′ is the cumula-

tive distribution function of the student t distribution with df degrees of freedom, ri,Calljt is the daily call options return

and 𝜎i,Callrj is the standard deviation of daily call options returns computed during the period [−60,−11] prior to the

announcement date.14 For each stock day, we calculate the total call order imbalance across all options:

OI.Callit =
Nit∑
j=1

(
Vi,Call,Buy
jt − Vi,Call,Sell

jt

)
. (9)

A similar process is used to estimate the total put options order imbalance:

OI.Putit =
Nit∑
j=1

(
Vi,Put,Buy
jt − Vi,Put,Sell

jt

)
. (10)

Similar to our earlier analysis of implied volatility spreads and options volume, we conduct multivariate panel

regressions to examine the abnormal behavior of call (OI.Callit) and put (OI.Putit) order imbalance prior to FDA

announcements:

OI.Xit = 𝛽0 + 𝛽1EventDVit +
∑
j

𝛾jControlsit + 𝜀it. (11)

Table 10 reports our findings whereOI.Xit isOI.Callit in Models 1 to 3 andOI.Xit isOI.Putit in Models 4 to 6. Models

1 to 3 show that call order imbalance is positive and abnormally elevated during the five-day pre-announcement win-

dow when compared to the benchmark period, controlling for other factors. Across the three models, the EventDVit
coefficient is similar and statistically significant (i.e., t-statistics ranging between 4.29 and 6.90). Our findings indicate

that the abnormal pre-announcement increases in call options volume are driven by long call options volume which is

consistentwith trading prior to positive news. In contrast, inModels 4 to 6, the EventDVit coefficient indicates that put

options volume is not statistically different between the benchmark period and pre-announcement period.

Similar to previous cross-sectional regressions, we examine whether abnormal pre-announcement call

(AB.OI.Call[−5,−1]it) and put (AB.OI.Put[−5,−1]it) order imbalance averaged during the days [−5,−1] is informa-

tive about FDA abnormal announcement date stock returns. Such tests will provide an indication as to whether some

traders are informed about the finer details of the newswhich affect its stock price impact:

AB.RET[0]it = 𝛽0 + 𝛽1AB.OI.X[−5,−1]it +
∑
j

𝛾jControlsit + 𝜀i,t. (12)

We report our findings in Table 11 where AB.OI.X[−5,−1]it is AB.OI.Call[−5,−1]it (AB.OI.Put[−5,−1]it) in Models 1

to 3 (4 to 6). We find that the relationship between FDA abnormal announcement date stock returns and abnormal

pre-announcement call order imbalance is positive and significant (e.g., Model 3 t-statistic= 2.78). In contrast, Models

4 to 6 show that abnormal pre-announcement put order imbalance is not informative about FDA abnormal announce-

ment date stock returns. Given this result, and given that put order imbalance does not significantly change prior to

14 FollowingEasley et al. (2016),we set df =0.25 to account for fat tails present in derivatives data.Weobtain similar results if𝜎i,Call
rj

is defined as the standard

deviation of daily call options returns during the period [−60,+10] around the announcement date.
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the announcement date, suggests that puts play a lesser role with regard to informed options trading prior to FDA

announcements.

Holistically, we find abnormal increases in implied volatility spreads, call options volume and call order imbalance in

the days leading up to FDA announcements. Such findings are robust to using three different measures of informed

trading and consistent with prior studies that report informed options trading prior to mergers and acquisitions,

earnings and other price-sensitive news announcements. In addition, we find that such abnormal pre-announcement

changes in informed options trading proxies (measured using implied volatility spreads, call options volume and

call order imbalance) can predict FDA abnormal announcement date stock returns indicating that some traders are

informed about the details of FDA announcements which affect its stock price impact.

3.9 Returns from trading options

We report evidence that indicates that informed options trading takes place prior to FDA announcements. In this sec-

tion, we provide an indication as towhether trading in optionsmarkets prior to FDA announcements is profitable. Our

earlier findings show that call options trading activity is significantly elevated in the five-days prior to the announce-

ment date and that such pre-announcement trading activity is informative about FDA abnormal announcement date

stock returns. As a result, we examine the returns from trading call options. Following Augustin et al. (2016), we calcu-

late call options returns in the followingmanner:

Bidij,t+1

Askij,t−5
− 1, (13)

where Bidij,t+1 is the best closing bid price for stock i call option j (with unique strike price and time-to-maturity) on the

day following the announcement t + 1 (i.e., selling date), and Askij,t−5 is the best closing ask price for stock i call option j

five-days before the announcement t − 5 (i.e., purchase date). By calculating the percentage change in ask to bid prices

we account for the options bid–ask spread.

The mean call options return across all options in our sample from trades made five-days before the announce-

ment and closed out on the day after the announcement is 17.25%. The mean call option return across all sample

OTMoptions is 68.71%, approximately four times larger than the full sample results. Themagnitude of our call options

returns findings is in the same ballpark as Augustin et al. (2016), who find that illegal insiders’ call options returns

from trading prior to earnings announcements is 109.89%.15 Our findings indicate that investorsmakemoney by trad-

ing options prior to FDA announcements. This provides an explanation for why we observe abnormal options trading

activity prior to FDA announcements, and why such trading activity is informative about abnormal announcement

date stock returns.

4 CONCLUSION

Our paper is the first to report evidence of informed trading in options markets prior to FDA announcements dur-

ing a 21-year sample period. Our main results are as follows. First, we report abnormal pre-announcement increases

in implied volatility spreads, call options volume and call order imbalance. Our findings are consistent with studies

that report abnormal changes in options trading activity (evidence of informed options trading) prior to major price-

15 The call option returns that we report from trading on FDA news is smaller than reported by Augustin et al. (2016), as they report call option returns for

a small subset of options traded by illegal insiders (not using a large cross-section of options) and a subset of earnings announcements (likely to be earnings

that have larger abnormal stock returns, where such returns incentivize traders to illegally trade as they can earn larger trading profits).
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sensitive announcements (e.g., mergers and acquisitions, earnings, divestitures, repurchases and stock splits). Sec-

ond, we find that such abnormal pre-announcement implied volatility spreads, call options volume and order imbal-

ance are informative about FDA abnormal announcement date stock returns, thereby indicating that some investors

are informed about the finer details that dictate the price impact of the news. Third, we find a stronger association

between abnormal pre-announcement options trading activity and FDA abnormal announcement date stock returns

for firms with higher levels of information asymmetry and weaker corporate governance quality, suggesting that at

least some options trading is based on information leakage. Fourth, we report evidence consistent with strategic

informed options trading prior to FDA announcements, using options that are cheaper, liquid and have short-term

maturities. Finally, we find that investors make reasonable returns from trading call options prior to FDA announce-

ments.

This study will be of interest to a number of parties, including regulators, investors and relevant drug-related

firms. Our findings add to the growing number of studies that document informed trading prior to major corporate

announcements in stock and options markets, regulators should be concerned with the pervasive leakage of infor-

mation. If some investors are privy to confidential information this can result in inequity in trading which can have

negative effects on investors’ willingness to trade and the liquidity of markets. Firms that make FDA announcements

should be concernedwith the leakage of information andmaywant to re-examine the individualswho are trustedwith

suchmaterial information.
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