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Abstract 

The purpose of this study is to determine the accuracy of price targets set by options 

traders fo r small cap biotecb companies approaching a Food and Drug (FDA) event. The 

study also highlights whether or not an increase in open interest improves the accuracy of 

options traders target price estimates. The thesis fo r this paper states that the options 

estjmates of future price movement are accurate predictors of the future price one day 

before the FDA event. This thesis studies small cap biotech stocks witb an approaching 

FDA approval or advisory committee meeting for the time period of December 2007 to 

ApriJ 201 3. The conclusions are that the price targets are significantly greater than the 

realized price. and that open interest does not significantly improve the accuracy of these 

contracts. 
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Overviev. of the Chapter 

CHAPTER J 

INTRODUCTlO 

This chapter focuses on using at-the-money options prices and open interest to determine 

the future absolute price change of an underlying asset given a known binary event. such as a 

Prescription Drug User Fee Act (PDUFA) action date. A PDUFA action date is the final 

approval or rejection date for a therapy being sponsored for consideration for FDA approval. The 

chapter includes a discussion of the expected contri but ions and insights regarding the large 

percentage movement of the stock price of a biotech company on or around a known PDUF A 

date. The methodology for the study is discussed further in Chapter Three. FinaJly. I djscuss the 

fonnat of the remaini11g chapters. Please refer to the appendix on page 51 for a complete li st of 

operationaJ terms used throughout this research paper. 

Option Pricing Theory 

An option is the right. but not the obli.gation, to buy or seU an underlying asset at a 

predefined price. the Strike Price. at a pre-specified point in the future. the expiration month. 

Options generally expire on the third Saturday of each month. although there are options that 

expire weekly in some cases. Weekly options wi ll not be the focus of this study. Options are 

broken into two broad categories, American and European. The distinction has nothing to do 

with where tbe securities trade but is instead focused on the abi lity to exercise the option. An 

American option a llows the holder to exercise the option at any point up to and including the 

expiration date of the option. A European option gives the holder the option. but not the 

obligation, to exercise the security but only on the expiration date. This study focuses on one 
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, ery small egment of the options market: the American style equity options of small cap biotech 

and medical device companjes. primarily trading on the NASDAQ stock exchange. 

The Black- choles Model is tbe most prominent method used to value options. l11e 

model makes the fol lowing key assumptions: ( I) tbe stock price follows a log-normal 

distribution. (2) capi tal markets are perfect and competitive. (3) the option price is a function of 

the stock price and time to maturity. (4) the short-term interest rate and the variance of return are 

constant and stationary until maturity. (5) the option is a payout protected call option (Beckers, 

1980. p. 364). 

These assumptions restri ct the applicability ofthis method when determirung option 

prices with large movements in lhe underlying asset. Often the binary event that is created by a 

PDUFA or an FDA Advisory committee (ADCOM) decision will lead to stock price changes in 

excess of 20 to 30 percent in small cap biotech comparues. These large price changes are 

difficult for the Black-Scholes Model to account for due to the finite variance distribution 

implied by a lognormal distribution. The Black-Scholes Model has gained prominence because 

the formula is easily calculated using observable variables. When modeling the fair value of an 

option contract, there are several methods that can be used and the Black-Scholes Model is a 

popular one. However. there are also several other common methods that are used to price 

options contracts. 

In the 1979 article. "'Options Pricing: a Simple Approach" Cox. Ross and Rubinstein 

(1979) introduced ·'the binomial method for the valuation of American options. These methods 

discretize both the time and state spaces in order to approximate the option price. The methods 

are very easy to implement and are quite flexible in that they can be easily adapted to price many 

nonstandard or exotic options'· (Cox et al., 1979). Tbe flexibility of the Cox-Ross Binomial 



Model makes it a more appropriate for modeling large movements of the underlying stock than 

the Black-Scholes Model. 
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A third option pricing model put forward by Merton ··explicitly admits jumps in the 

w1derlying security return process. and which may resolve the pricing discrepancies·· (BaU & 

Torous. 1985. p. 155) created when using either the Black-Scholes or Cox-Ross models. Menon· s 

model tries to overcome the shortcomings of the other two models by allowing fo r either small or 

large changes in the underlying assets price. But it can only be used with accurate estimates of 

the jump probability. The jump probability is difficult to estimate. w hich is the primary 

drawback of the Merton ( 1973) Model. 

In order to use the Merton Model. an accurate estimate of the probability of a jump in the 

underlying stock. is required .. Aul accurate jump probability is inherently difficult to calculate 

(Jones. 1984.). In the context of this study the probability of a jump for this data set should be 

very close to one. because all of the study"s observations are expected to have large price moves 

as a result of the outcome of the upcoming known binary event. The large probability of a jump 

in the price of a smaU cap biotech stock may cause the Merton Model to misprice the options. 

Each oftbese three models adds value to the pricing of optjon contracts. For the purpose 

of this paper. I assume that the appropriate model is being used to price the optjons of the 

underlying biotech company. In other words. the options have been priced in such a way as to 

reflect the volatility expectations of informed traders given an upcoming known binary event. I 

make this assumption because my goal is to estimate the absolute price change of the underlying 

stock using the trading information of at-the-money call and put options three days before the 

event date. J am not attempting to find the most accurate way to estimate the price of a stock 

option, which re lieves me from making a judgment on the accuracy oftbe pricing model used. 
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__lllall-Cap Biotecb Characteristics 

There are many opinions regarding what constitutes a small cap stock. For this paper a 

small cap stock is defined as a company having a Market Capi talizatjon (Srock Price * Shares 

Outstanding) of $250 million to $4 billion. Small cap stocks are trad:itionaUy more volati le than 

their medium and large cap peers due to the limjted visibility of the companies and often low 

levels of Liquidity in the market for their shares. 

This paper looks specificall y at small cap biotech and medical device companies because 

they generally have few. if any. stable revenue generating therapies and are therefore much more 

dependent on favorable binary event outcomes to maintain and increase stock prices. The high 

degree of dependency on positive news implies large price swings. either up or down. caused by 

binary events such as PDUF A dates and ADCOM (advisory comrruttee) meetings. 

The companies will often reveal PDUF A action dates to the public well in advance of the 

fi nal decision. and ADCOM meetings are posted on the FDA· s website. a lso well in advance. 

This advanced notice provides a unique trading opportunity for informed investors iD the biotech 

market. The avai lability of options allows speculators to make relatively safe leveraged bets on 

the outcome of these binary events. The relative safety of these levered bets stems from the fact 

that the downside risk is limited to the premium paid for the call or put option. 

Further compounding the risk. and therefore the volatility of these companies is the fact 

that they tend to bum significant cash during tbe research phase of therapy development. The 

high cost of bringing a drug to market - some estimates are as high as $2 hill ion - means that a 

small cap biotechnology company will only have a handful of therapies in late stage clirucal 

t ria ls. An approved therapy can be the difference between years of strong cash flow generation or 



-
5 

"ears of consistent equity dilution. typical!. through the i uance of nev. stock. in order to keep 

rhe company alive. 

Price Discover Using Option Price and Open Interest 

The ability for options traders 10 affect the underlying asser s price has been the subject 

of numerous studies in finance. Ho\.\- options are traded lead ing up to an earnings announcement 

is a topic that has been the subject of strong research interest. For example. Lee and Amin 

(--Option Trading:· 1994) found that in the four days prior to an earnings announcement. options 

voJume increases by as much as 10 percent. Furthermore. ··the direction of this preannouncement 

trading foreshadows subsequent ea rnings news. Specifically. we find option traders initiate a 

greater proportion of long (short) positions immediately before ''good" ("bad") earnings news:· 

They conclude that ··collectively. thee idence shows option traders partic ipate generally in price 

disco er_ (the incorporation of private information in price). and more specifically in the 

dissemi nation of earnings news ( .. Option Trading:· 1994):· 

Thjs study shows how informed investors use the options market to impound information 

into lock prices. especially given a known event. The price discovery effect of options leading 

up to earnings announcement is a similar concept to the topic of this thesis. except I focus on the 

price d iscovery of options leading up to an FDA event. The primary difference between this 

study and studies on volatility lead ing up to an earnings announcement is that the binary event in 

this study is FDA action da tes or ADCOM committee meetin gs votes. 

Open interest in the options market is the number of contracts outstandi ng. In order for 

open interest to change, one buyer and one seller must enter o r leave the market. Open interest 

provides a picture of the trading in each option. Tbjs infonnation is useful to option market 

participants because it provides a view of trader sentiment. chlag and Sto ll (2004) found that 
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··positive options volume (buy calls and sell puts, or calls bought mfous calls sold) has a 

contemporaneous positive price effect [on the underlying asset]:· whereas. ··negative volume has 

the corresponding negative price effect [on the underlying asset] (Schlag & Stoll. 2004). This 

sbows that the selLing or buying pressure in the options market bas an effect in driving changes 

in the underlying asset price. 

Lee and Amin· s article r·Option Trading: · 1994) discussing the effect of option trad ing. 

i.e. open interest and option price . on earnings news dissemination may be applicable to the 

focus of this thesi s. option market participants trading on FDA news dissemination. Ln Lee and 

Amin·s study they found "some evidence that increased preannouncement option trading reflects 

more than trader response to volatil ity risk. That is. option traders anticipate not only the 

magnitude of a price reaction. but aJso its direction ("'Option Trading," 1994):· Given that there 

is some evidence to reflect option traders can anticipate earnings releases. can options traders 

also effectively anticipate outcomes of these binary events in high volati lity scenarios? 

Research Questions 

The primary research question of this study is whether or not the information contained in 

option prices and open interest can be used to estimate the future absolute price change of a 

small cap stock lead ing up to a bi_nary event. This is very similar to studies that look at the price 

discovery of options leading up to an earnings announcement. TI1e primary difference is that 

instead of an earnings announcement, we are concentrating on an FDA announcement. I aJso 

look at the liquidhy premium associated with trading in these markets. Some small cap biotech 

stocks have very few options traded on them. leading to low open interest and wider bid-ask 

spreads. This paper will determine what effect open interest has on the accuracy of the price 

discovery mechanism in options markets. 
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cope and Limitations of the Stud, 

rhis stud) has a, cry narrov. focus. It draws on v. ork from other research on option price 

discovery. However. this is bel ieved to be the fi rst study to explore the extent of price discovery 

pro, ided by the options market leading up to an FDA e\'ent. The narrow focus of this paper adds 

considerable ljmitations to the applicability of the results to other situations. The appl icabili.t)' 

aero asset classes and industries ma~ be limited due to the unique nature of a biotech stock 

with an impending FDA event date. 

·n1ere are very fev. instances in the market when an investor knows with a high degree o f 

certainty when an event will occur that could immediately change the stock price by 50 percent 

or more in e ither direction. As a result. the options market for biotech stocks pro ides an 

interesting test of the price discovery and price efficiency of option trading. However the 

liquidity of the market is cause for some concern. Ln some instances very little trading occurs in 

these options other than the days leading up to and immediately fo llov.ing an FDA action date. 

The remainder of this study is organized as follows. In Chapter Two I discuss the work of 

others who studied the price djscovery of options leading up to a known event. primarily 

earnings dissemination. I also elaborate on the three options pricing models I mentioned in the 

introduction. In Chapter Three I d iscuss the methodology I plan to use to test the predictabili ty of 

future volatility following a small cap biotech binary event. Chapter Four wi ll go on to discuss 

the data collection and presentation used for this study. Chapter Five will bricny discuss the 

methodology employed. as well as the methods used to clean and prepare the data. In Chapter 

Six I will firush with a review of the conclusions of this study and suggestions for further 

research. 



The Historv of Options Valuation 

CHAPTER 11 

REVIEW OF LJTERA TURE 

In 1973. the Chicago Board Options Exchange (CBOE) was founded. The CBOE is the 

first market place that allows investors to trade standardized and listed options. Put options did 

not appear right away and were added to the exchange in 1977. Since those earl y days. option 

trading has become progressively more common and is primarily used as a tooJ to hedge risk. 

There is also an argument that options. in certain circumstances. may a llow a trader to gain an 

equivaJent exposure to an asset with relatively lower transaction costs. The CBOE is a major part 

of the gro\.vth in options trading and the literature that has developed from it. Academic literature 

also talks about how informed investors ma prefer to trade using options due to the inherent 

leverage of the instrwnenl. 

Prior to Black and Scholes· ( 1973) seminal work. The Pricing of Options and Corporate 

Liabilitie.l. the literature on pricing options centered oo the vaJuation of warrants. Black and 

choles ( 1973) noted that the prevaiJj ng warrant pricing theories of the time. including. Sprenkle 

(1961): Ayres (1963): Bones (1964): Samuelson (1965): Baumol. Malkiel and Quandt (1966) 

and Chan ( 1970). '·aJI produced valuation formulas of the same generaJ form. Their formulas. 

however. are not complete. since they involved one or more arbitrary parameters .. (Black & 

Scholes. 1973. p.639). Often the arbitrary vaJues are unknown in both form and quantity. Black 

and Scholes went oo to develop an option pricing model that aJlowed an investor ··to create a 

hedged position. consisting of a long position in the stock and a short position in the option. 

whose value will not depend on the price of the stock. but wi ll depend only on rime and the 

8 
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, al uc of known constraints (Black & choles. 1973. p.640):" Thi formula \\as a significant 

addition to the knowledge involving the pricing of equity options because it was a closed form 

olution to options pricing. 

Despite the monuml.!ntal leap forward provided by Lbe Black-Scholes Model. there are 

everal limitations that restrict its usefu lness in the real markets. ln order fo r the model to 

accu rately price an option. there are several assumptions that must hold. According to Fi cher 

Black. the Black-Scholes formula ·•gives Lbe value of a call option for any stock price and time to 

maturity. The simplest version of the formula assumes that the short-term interest rate and the 

volati lity of the stock never change. and that the stock pays no dividends. There are five number 

we need to calculate an option value: ( I ) the stock price. (2) the time to maturity. (3) the exercise 

price. (4) the interest rate, and (5) the volatili ty of the stock .. (Black. 1975. p.36). Furthermore. 

the original form of the model is only useful for European Options. which only provide trading 

rights on the expiration date. 

In the same artjc le. Black ( 1975) went on to propose an adjustment to the o riginal Black­

Scholes Model ( 1973) that tried to explain the increased premium paid for the flexibi lity offered 

by American Options, which can be exercised prior to the maturity date. The solution offered 

v.as an ad-hoc modification to the original form ula that allowed the formula to price a pseudo 

American call option. The pseudo call option is an iterative process computed with a number of 

European call option prices. Each option is priced using a modified time to maturity. acrueved by 

assuming that the option will be exercised at one of the ex-dividend dates for the company. The 

future value is then discounted back to the present discounted at the risk-free rate. 1n each of the 

calculations. the time to exercise is shortened to the ex-dividend date causjng the time to 

maturity to decrease as well as the price of the option. The pseudo caU option price is calculated 
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a the maximum price developed over a range of possible input \'alues u ing the Black- choles 

( I 973) European cal I option formula. 

Geske and Roll ( I 984) state that "·the pseudo-American call va lue will be less than the 

actual American (calll , ·alue because the p eudo method does not reflect the full opporrunities of 

the American call holder. The American call , alue re flects the conditional probability 

( conditiona l on the stock price) of exercising premature ly at each ex-dividend date. rather than 

cenain early exercise o r certain no exercise·· (Geske & Roll. 1984. p. 444). 

Building on the earlier work b) Black and Scholes ( 1973). in 1979. Cox et al.. introduced 

a binomial method to price options. The trio showed that they could price options working 

recursi el., from the final expected price of the option using a binomial tree. The binomial tree 

allows for two possible price movements. up or down. where the value in the up move. or node. 

and the value in the down node are di scounted back to the current period at the appropriate 

discount rate. Once discounted at the appropriate rate. the two nodes are weighted using the 

relative probability of an up or down move in the option price (Cox et al.. 1979). Macbeth and 

Mcrville ( 1980) found that the ··Cox valuation model fits market prices of call options 

signi ficantly better than the Black-Scholes Moder· (Macbeth & Mervi lle. 1980. p. 285). 

Geske and Johnson describe the model developed by Black and Scholes as a --formula for 

a European put when the stock price follows geometric Brownian motion'· (Geske & Johnson, 

1984. p. 15 11) Taking thi s into consideration. Geske and Johnson went on to develop a model 

lrnown as The-Two Point Geske & Johnson Method ... The American option fonnula given in 

Geske and Johnson ( 1984) is an exact representation oftbe option value in terms ofan infinite 

series•· (Broadie & Detemple. 1996. p. 1230). Furthermore, this method '·allows the use of an 

evaluation technique resulting in a significant reduction in the number of critical stock price 
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computations necessary for penny accuracy and thus enhances computational eiliciency"· (Geske 

& Johnson. 1984. p. 1522). 

In 199 I Breen puts forth a model known as the accelerated binomial method. which is a 

streamlined version of the Cox-Ross binomial method. According to Broadie and Detemple ··the 

main computationa l effort in this routine involves multiplication. The work i easily shown to be 

- 711 2n1
. The work in the binomial routine is ~ n2 (2 multiplication at n'!./2 nodes). Thus the 

accelerated binomial is faster than the binomial routine for the same n·· (Broadie & Detemple. 

I 996. p. 1240). 

There ha e also been several versions of lrinomial methodologies to value options. 

1otabl). Kamrad and Ritchken ( 1991) proposed a trinomiaJ mode l that worked very similarly lo 

the Cox-Ross Model. The primary addition was that the trinomiaJ model uses three nodes instead 

of I\\O. The trinomial method adds a middle node to the up and down nodes. provided by the 

Cox-Ross Mode l. Each of the three nodes is discounted by the appropriate interest rate and then 

each node is , e ighted using the appropriate method to develop the price for the previous node. 

j ust like in the binomial model. 

Carr & Faguet ( 1994) proposed the Method of Lines to value option contracts. The 

Method of Lines is used to determine the numerical value of American options while considering 

the inherent early expiration problem. The Method of Lines "has been applied over the years to a 

number of one- and multi-dimensional free boundary problems arising in science and 

engineering"· (Meyer & Hoek, J 994, p. 1 ). Goldenberg and Schmidt ( 1995) discussed the 

advantages o f the Method of Lines. showing that the approach is at least as fast as alternative 

methods and can be implemented very accurately (Goldenberg & Schmidt. 1995). 
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Broadie and Detmeple ( 1996) introduced a new method to value the upper and lower 

bounds of American option prices. The pair compared their method LO several o ther option 

, aluation models and found that the model was a more accurate pric ing model than a 1.000 step 

binomial model. Interestingly, not only is the Upper/Lower bound method somewhat more 

accurate than most other option pricing mechanisms. it is also much simpler and faster 10 

produce than similar pricing models. ·'Both lower and upper bow1d information. has a root mean 

squared (RMS) relative e rror of 0.02 percent on a sample that represents a wide range of option 

parameters. This RMS error js slighLly better than the RM error of a 1.000-step binomia l tree. 

Furthermore. the LUBA approximation can be computed as fast as a 50-step binomial tree (or 

aboul 500 times faster than a 1.000-step binomial tree) ... Furthermore. these two approximations 

are suffic iently simple that they can be computed in a spreadsheet (Broadie & Detemple. 1996. p. 

1212):· 

Like the call optjon. the put opt.ion bas been the subject of a significant amount of 

research devoted to developing a pricing model for American style puts. As early as 1973. 

Roben Menon showed in The TheOIJ' ofRalional Option Pridng. that American puts are more 

d ifficult to value than European puts. This is because there is consistently a positive probability 

that the American put opt ion wi ll get exercised (Merton. 1973 ). Despite the challenges in pricing 

American put options the literature and primary pric ing methods al l have re latively simple 

adjustments to allow for the pricing of American put options. 

Option Open Interest and Pricing 

There is a significant body of research that has d iscussed the implications of price 

discovery provided by derivative markets. For the context of this paper, I wiJ I focus on the price 

discovery mechanism of equity options on the underlying stock they represent. I look at the 
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pricing effect of both the price of an equity option as well as the infonnation provided by the 

level of open interest i□ that specific contract. The literature I d iscuss below provides the 

rationaJe for using these inputs to forecast the expected price of the underlying option and 1.bus 

its future olatility. 

1anaster and Rendleman (1982) used the Black-Scholes Model to determine the future 

price of a stock given an observed option price. The Black-Scholes Model bas five variables. 

strike price. underlying price. risk free rate. the instantaneous variance of the stock and the time 

to maturity. The B lack-Scholes Model can be reworked using a known. and currently observable, 

option price as well as other known market inputs for the ri sk free rate. volatil ity of the 

underlying stock. time to maturity and the stri ke price of an option to find the future aJue for the 

stock. based on the price of the call option today. '·Hence, if options are actually priced 

according to the model, implied stock prices will be the option market's assessment of 

equilibrium stock vaJues .. (Manaster and Rendleman. 1982. p. 1043). 

Easley. o·Hara and Srini as ( 1998) write a piece that discusses where informed traders 

choose to trade, and what effect opt ions transactions have on stock price. Importantly the trio 

clarifies bow an equity option can provide price discovery for the security it is derived from. The 

authors argue that "an option is a derivative security so its price should be dictated unilaterally 

by the behavior of the stock price. This unidirect ional linkage is onl y true, however. in complete 

markets: if information is impounded into prices by trading, then the ability of informed traders 

to transact in options markets means that the option trading process is not redundant" (Easley. 

Hara & Srinivas. 1998. p . 431). 

Finding that option prices are not redundant. and therefore add pricing information to the 

underlying stock refutes the idea postuJated by Black and Scholes that an investor can replicate 
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an~ option ,, ilh some combination of the underlying tock and the risk-free rate. Easle) el al. 

( I 998) go on lo cone I ude that there is some level of price discovery pro, ided by informed 

options traders. The research shows a link between negative options trading volume and negative 

price moves in the underlying stock. and vice versa with positive options volume ( l:.asle)' et al.. 

1998). 

Schlag and toll (2004) discuss the price impacts of options and fu tures vo lume on the 

German DAX index. The two found that the net level of options puts pro ided a 

contemporaneous effect on the future index price. an increase in net calls led to an increase in the 

DAX and an increase in net puts was shown to lead lo a negative pricing effect on the index . .. A 

net purchase of 1.000 call contracts results in an immediate price increase of 3. 13 index points. 

imilarly. a net purchase of puts has a significant negative contemporaneous effect with a 

coefficient at lag 0 or -2.8r ( chlag & Stoll. 2004, p. 78). The study concludes that both futures 

and options volumes have an impact on the future price of the DAX index. although they do find 

that futures trades have a more lasting effect on the index than options trades. 

Pan and Poteshman (2006) write an article that uses the changes in open interest to 

calculate put-caJI ratios for the security. They tind that stocks wi th bearish put-call ratios will 

tend to have negali e returns in the next period. Conversely. stocks with positive put call ratios 

will experience positive stock moves in subsequent periods. For tbeir study they considered 

positive put call ratios to be those in the upper quintile. while those in the lowest quintile were 

considered 10 ha ea negative put call ratio. The two find '·predictability that is strong in both 

magnitude and statistical significance. For our 1990 through 200 I sample period. stocks with 

positive option signals outperform those with negative option signaJs by more than 40 basis 

points per day and I percent per week on a risk-adjusted basis (Pan and Poteshman. 2006. p. 
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872),-- They also showed that the signals provided b) the pul call ratios. and implicit!, open 

interest. gel incorporated into the underlyi ng assets price o er time. 

Oplion Pricing Prior to Earnings Announcements 

Pa tell and Wolfson·s ( 1979) work on the informational role of the option market when 

determining the fu ture variabili ty of an assel leading up to an earnings announcement was highly 

innuential to this article. The method used was meanl lo be as simple a model as possible where 

investor expect the time leading up to an earnings release to be a high volat ility period. This 

results in options that are priced at a tcmporaril_ high level due to the greater anticipated 

volatility assumptions. The result is options that are priced according to the increased volatility 

assumptions. leading to a higher premium than would otherwise be expected. ··The Black 

choles ( 1973) option pricing model enables us to infer from option prices the expected stock 

price variability at dates surrounding the earnings announcement. A time series of option prices 

can reveal the anticipated increased security price variability even if. ex post. the announced 

signal has little or no e ffect on stock price'' (PateU & Wolfson. 1979. p. 11 8). 

In their initial study. Pate II and Wolfson ( 1979) used stock and option data collected from 

the Wall Street Journal which they fe lt were incomplete and added an upward bias to the results. 

The two decided to re-evaluate their results two years later using the much more complete 

Berkeley Options Database. which is ··a nearly complete record of transactions data covering the 

14-month period from August 23. 1976 through October 21. 1977'" (Patel I & Wolfson, 198 1. p. 

435). It was thought that by using bener data they would be able to reduce some of the bias in the 

first study due to the la rge increase in observations available to them. speci fically from intraday 

options prices. 
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Ln their second. more robu L study Patell and Wolfson ( 1981 ) found that there was a 

significant increase in options volatili ty leading up to an earnings announcement. The., al o 

noted that just before the announcement. implied volati li ty increases. Immediately fo llowing the 

annoW1cement. volatil ity wi ll begin to normalize back to average levels. The. al o discovered 

that the increase in implied volatili ty leading up to the event and the fo llowing nonnalization 

effect was strongest for shorter termed options. 

In 1982 Cheung and Whale)' decided 10 test the efficiency of the CBOE options market 

by looking at the infonnationaJ role provided by price movements of options leading up to an 

earnings announcement. Ultimately earnings drive the value of a stock. which is wby 
I 

unanticipated earnings. positive or negative. will have a corresponding effect on stock prices. 

Patel and Wolfson are .. able to support an infom1ation-content hypothesis. which posits that a 

fi rm's quarterly earnings announcement affects the standard deviation o r the stock return 

distribution. [howeverJ they are unable to make a statement about the efficiency of the CBOE .. 

(Cheung & Whaley. 1982. p. 58). For Cheung and Whaley. the object is to make an explicit 

statement about the efficiency of the CBOE. In the end. the pai r found thatthe CBOE is an 

efficient market. In other words a trader cannot make a net profit after transactions costs if 

trading based on earnings announcements. 

l t is options investors who write option contracts and as a result, option open interest is 

endogenous. The act of writing options and creating open interest aUows for the possibility that 

investors are bringing private information to the market implied by the prices at which they are 

willing to buy or write options. interestingly. Schachter (1998) finds that ·'open interest is 

significantly below normal for several days prior to the earnings announcement date and is 

indistinguishable from normal. from the announcement date through the end of the report period'. 
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( chachter. 1988. p. 369). Thj finding is in contrast to other studies that find open interest ri e 

leading up to an earnings announcement. such as the study by Lee and /\min that find option 

open imerest increases by roughly IO percent in the four days leading up to an earnings 

announcement (''Option Trading:· J 994). 

In 1993 Li-Chin looked at the difference in companies wilh and without option and hov. 

their stock price changed in relation to earnings releases. She discovered that ··the surprise 

associated with quarterly earnings announcements is greater for nonoption firms than for option 

firms. and that the security prices of option firms anticipate annual accounting earnings changes 

earlier than those of nonoption firms·· (Li-Chin. 1993. p. 383). This is important because it shows 

the role of options in price discovery. The role that options markets play in reflecting a 

company·s accounting earnings in their stock price is important because it helps to improve the 

efficiency of the market leading up to and during these events. 

Assuming that investors will only go long option contracts in order to achieve the desired 

exposure. Donders. Kouwenberg and Yorst (200 I) show evidence that supports the notion that 

trading and open interest in options contracts increase leading up to an earnings announcement 

and subsequently revert back lo normal after the event. This find ing is the opposi te notion that 

chachter ( 1988) found in his earlier study. where open interest decreased prior to an earnings 

announcement. However. the Donders et al.. (200 I) study uses data from the AEX Options 

Exchange (Amsterdam), which the authors contend has more private investors. leading to longer 

time to process and greater over reactions lo new information. than the Anglo-Saxon markets. 

Importantly. Donders et al. (200 I) show that the implied volatility in options, both calls 

and puts, increases more quickly than wouJd be justified using realized volatility in the days prior 

to the announcement. The group (Donders et al.. 2001) also found that changes in open interest 



and volume indicate that trader are initiating long straddle positions (buy a put and a call). 

essential!) placing volatility bets on the underlying stock. This is the first mention in the 

literature of using the straddle option strateg) to enter a speculative volatility position. which 

\,,ill be an important pan of this paper. 

hort Dated Options 
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An option that is at-the-money. with little time left to expiration should be worth 

practically nothing. assuming no upcoming high volatility events occur (Black & choles 1973). 

I lowever Patell and Wolfson ( 1979. 1981) show that at-the-money options that expire shortJy 

after a volatility inducing event. do indeed trade for non-arbitrary values. As a result of this fact 

short-lenn options have often been excluded from academic studies. for example the work 

conducted by Manaster and Rendleman ( 1982). For the purpose of this study. short-dated options 

arc those that are the next options to expire. typ icall. with less than 45 days to expiration. 

In a recent article by Billings and Jennings (20 I I). the two specifically chose to study 

short-dated options because of ·'their abi lity to supply a measure of traders· allowance for 

upcoming information content. ln panicular, we hypothesize that short dated options derive their 

market value from traders· forecast ing firm- and quarter specific. earnings-induced increases in 

stock price volatrnty. ln other words. we predict that soon-lo-expi re. at-the-money options 

become valuable when traders believe that an upcoming earnings announcement wiJI elicit a 

stock market reaction .. (Bill ings and Jennings. 2011. p. 588). ln simple terms. the two are 

expecting the price of a short term al-the-money option to experience an increase in implied 

volatility. leading to an increase in the option value. 

This change in the impl ied volatility of the option is to allow for the traders· expectations 

of the anticipated reaction of the stock market to the dissemination of earnings news. Or said in 
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another wa .. the changing implied volatilit) is the option traders estimate o f how large a price 

change there will be on the stock. g iven the earnings re lease. As ment ioned above. sbort-dated 

options should be worth almost zero. absent an event that is expected to cause an increase in 

, olatilit). T his characteristic makes them a \'ery good choice to examine, olatili t) expectations 

of the market related to earnings releases (Billings and Jennings. 201 1 ). 

The research referenced in thi s study was focused on three topics: the theoretical value of 

options. how options open interest can forecast future price changes. and a brief discussion of the 

characteristics of short-dated options. I chose to review the Y.ork in these three topics because of 

the value they will pro ide to the topic at hand. I this paper I d iscuss a very si.mj lar concept: 

short-dated options reflecting expectations for the absolute price change of an underlyi ng stock 

,, ith an upcoming biotech approval date. pecifically. I exami ne the accuracy of the estimated 

future absolute price change of a small cap biotech stock facing a known FDA announcement. 

The hypothesis of this paper is that in fom,ed options traders are add ing a risk premium to 

the options price equal to the expected heightened implied volatility of an underlying stock. and 

thus a short term option. leading up to an FDA event date. This proposition will be tested by 

creating a simple. long straddle position using at-the money options for more than I 00 individual 

small cap biotechnology company events. The events are advisory committee meetings and 

PDUF A approval/denial dates. and the data was gathered using Tbe FactSet options database. 

As Black (1973) points out the value of at-the-money short-term options using the Black­

Sholes Model is practically zero. Therefore. if the options are trading at a positive value. it is a 

result of the event risk premium. The predktive capacity of the event risk premium. predictive of 

the absolute price change of the underlying s tock based on the result of an event. could be used 

by traders and hedgers to manage expectations for price movement of the underlying stock 
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leading up to an FDA e ent date. The addition 10 the literature i similar to the research done by 

Donders et al.. (200 I). where the group found that traders were initiating long ,·olatility positions 

for stocks approaching an earnings announcement. Whereas this study focuses on biotech stock 

leading up to FDA event dates. 
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Thesi Methodology 

CHAPTER fII 

METHODOLOGY 

As referenced in Donders el. al.. (200 I) an investor can create a long volatility position 

b) buying a put and a call option. also known as a long straddle. This paper will use the price of 

one long straddle and the strike price or the near month at-the-money options to estimate a lower 

and upper price target for the underlying stock. The price or the long straddle plus and minus the 

trike price of the at-the-money options should roughly indicate the expected absolute price 

change after an event. as well as the implied volatility of the underlying stock that is approaching 

this type of high volatility event. 

This information is useful to anyone who has or wants exposure to the underlying 

company. Those people who ha ea long equity position in the company. for any reason. may 

wish to limit the uncertainty of the future event. are referred to as hedgers. Someone who ""ishes 

to gain exposure to a market. particular)) using leverage. is termed a speculator in this paper. 

Both of these types o f investors can benefi t from the accuracy of price and volatili ty estimates 

provided by options markets. An arbitrageur could use a volatility position similar to the one in 

this paper to potentially make a riskJess profit by either buying or selling straddles. 

To detenninc the accuracy of the moder s estimates, 1 wi ll compare the estimated T-3 

price to the actual price of the underlying stock at T + 1- The smal ler the difference in price the 

better the prediction of price volatiJity provided by informed investors in the market. I plan to 

use descriptive statistics to measure the accuracy of the upper and lower price targets associated 

with these high volatility events. Once the upper and lower bounds are estimated. the accuracy of 

2 1 
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the predictions can be determined one day after the event date by using the upper bound price as 

a comparison when the actuaJ price ends up above tbe strike price and vice versa for belovv the 

strike price. FinaJly, at-test is used to determine if the deviation between the estimated price and 

the actual price is sjgnificantly djfferent from zero. 

lf the result of this comparison does deviate from zero, either up or down, it may ind icate 

the ability to use either a short or long straddJe position to profit from the mispricing in the 

underlyi1.1g stock associated with this type of high volatility event. Depending on the degree of 

variation, I can detennine if there is tbe potentiaJ for monetary advantage by using the 

information provided by infonned options investors leading up to FDA event dates jn small cap 

biotech stocks. 

I a lso conduct a secondary analysis using a multiple regression model to determine the 

effect of put and cal I opt ion open interest on the price of the underlying asset one day after the 

event occurs (T- 1 ), using the option data from three days prior to the event (T.3) . The multiple 

regression model is appropriate because it tests how a number of independent variables affect a 

dependent variable. T n this case the independent variables wi II be the open interest of the call 

option and the open interest of the put option. My null hypothesis states that these two 

independent variables wi!J help predict the dependent variable, the absolute price change of the 

underlying stock Lbat is seen on the day after the result is announced. 

1 include the open interest as a measure of I iquid ity of the option market on the 

underlying stock. presumably the larger the open interest the more informed jnvestors there are 

providing pricing information regarding the upcoming event. As a result, increased open interest 

in long straddle positions should lead to more accurate estimates of price change for the 
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unucrl~ ing stock. Significantl. increased accuracy would lead to increased relevancy to hedgers 

and speculators. 

Dnta 

The study looks at how the price and open interest of a long straddle position usi ng sbon 

term. at-the-money options can help predict future stock volatilit_. based on an upcoming 

PDUF A action date or an FDA ADC OM date. I obtained the option data used in this stud) from 

I- act et"s Option Database. General stock information such as price and market capitalization 

\\as aJso provided by Fact et. 1 also used publicall) a, ·ailable data to compile a list of the above 

mentioned event dates. These events were sourced primarily through company press reports and 

1 OQ and K reports. I was also able to find a relatively smaJI group of investors. and one 

government agency. that provide sim ilar data for free on the internet. The websites l found most 

useful fo r thi s research paper were FDA Tracker.com: Biophanncatalyst.corn and 

Clinicaltrials.gov. 

These services were good data aggregators which helped to identify smaJ I cap biotech 

companies that have attempted to bring new therapies to market. The time period of my 

invest igation is December 2007 to April 15.2013. I do not claim that lhe list is all inclusive of 

the events in this time frame. but 1 believe it is a good representation of the events during this 

time period. In order to be considered for this study. I only used events for which specific 

guidance was available regarding the timing of the event prior to lhe actuaJ event date. Adam 

Feuerstein is a Senior Columnist with TheStreet who writes many articles on the subject of 

biotech event dates. Many of hi s articles include specific upcoming FDA event dates. His articles 

are avai lable online for those who are interested. The event dates provided in his articles were a 

valuable source of information fo r this research paper. 
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SpecificaLly. I looked for Biotech companies that were facing an ADCOM or PDUFA 

action date events. l tried to 6nd fo rward-looking, publica lly available information to limit look 

back bias. I did this by using information that was available prior to the actual event date to find 

and determine the timing or the events I used in this study. For example at the beginning or 2008 

I looked for information regarding upcoming events during 2008 and into 2009. events lhat were 

publicall_ disclosed and available to anyone with an interest. 

1 chose to use ··(ook-ahead·· information on event dates in order to avoid any other biases 

that may have been i.ntroduced by using data from companies that provided unanticipated 

dissemination of event news. Unanticipated news dissemination may not allow informed 

investors to react to event dates in the same wa_ as when the date is publically disclosed ahead of 

time. Furthermore. it i.s my expectation that increased publicity about these events will also help 

increase the liquidity of the options markets leading up to the event date. which should help 

narrow Bid-Ask spreads and increase open interest. An increase in put and cal l option (jquidity is 

also anticipated to enban.ce the accuracy of the price estimate oftbe stock at T.-1. The enhanced 

accuracy is a result of the additional pricing infonnation provided by a larger number of options 

traders. 

Using a List of more than 200 identified events, I first determined which companies had a 

market for options at the time or the anticipated event. Once the companies with options markets 

were determined I began removing the data points where the associated company had a market 

capitalization larger than $4 bi llion. I did this because companies larger than thj s are more likely 

to have a previously approved drug on the market resul.ting in a source of stable cash flow. A 

reliable source of cash flow for a biotechnology company will reduce the associated price 

volatility of the underlying stock on an event date. 



After removing companies that exceeded the market cap li mit. I was left with roughJy 

160 companies that fit the requirements for the study. From this point. I verified that the event 

actual I_ took place using data provided by FactSet. In some cases. I was unable to find evidence 

that the anticipated event ever actual ly occurred. and in that case I excluded it from the sample 

for this study. I left an event in the sample ifl couJd confirm it met one of three criteria: (1) the 

event outcome was an appro aL (2) the event outcome was a failure (i.e .. a Complete Response 

Letter from the FDA. or a negative ADCOM committee vote). or (3) the outcome of the event 

was delayed. Even if the outcome is delayed investors will still have ini tiated their long-vo l.atilit) 

posit ions prior to the delay being known and as a result we can stiJl look at the expected 

volatility o f the underlying stock leading up to the event date. The possibility of a delay is a risk 

for the long in this position, and must be considered when initiating a position. 

In order to establish a volatility posit ion. 1 used the end of day (EOD) put and call option 

trade prices. as provided by FactSet. I am interested in looking at the predictive power of these 

volatility posit ions using the option prices and open interest at T.3 to predict the future price at 

T+1. T0 will be the actual date the FDA event occurred. for each underlying company. In some 

cases two companies may be collaborating on the san1e therapy. and if both companies fit the 

above outlined parameters both would be included in the dataset. 

The primary purpose of this study is to estimate the accuracy of the target p rices 

developed from the options price at T.3. The appropriate estimated target price is compared to the 

actual price at T r-1 to determine the accuracy and significance of the predictions. The null 

bypothesis is tbat the premiums charged for going long one at-the-money call and one at-the­

money put option 3 days before the event wi ll be roughly equal to the absolute price movement 

of the underlying stock. experienced 1 day after the binary event date. The alternative hypothesis 
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i. that th1.: price of the volatilit) position will not be equal lo the absolute percentage change in 

thl? underlying stock after the binary event date. 

I also use the open interes t of both the put and call options to help detem1ine the 

incremental predictive capabil ity of the Liquidity of the options securities markets. The open 

imerest is important fo r two reasons. Fi rst the open interest will help to show how many 

.. informed investo rs .. are initiating volatility positions leading up to these event dates. And the 

second reason is that. presum ably. the more informed investors bringing new information to the 

market. the more accurate the volati lity predictions will be. 1 used the EOD open interest of the 

underlying provided from the FactSet databa e r have previously referenced. 

I used a multiple regression model that states call and put option open interest at T.3 help 

predict the absolute price movement re0ected in the under!, ing asset. 

Nu ll Hypothesis: 

Where: E(Pu ,.3) or E(P1 1-J) -P1+1 = The difference between Pcr.Jl - Pn +11 
E(Pu 1•3) =- The estimated upper Price Target - using options data from T.3. 

E(PL 1.3) = Tbe estimated lower Price Target - using options data from T.3. 

PT+1 = Actual price at T.-- 1• 

e =- Error of the model 

Secondary Research Question: 

Regression Equation: 

Where: Y = The difference between Pc r-Jl - PrH > 
a = The y-intercept 
PX 1 = Open interest in put 
PX2 = Open interest in call 
e = Error of the model 
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Po siblc Result 

In order to determine whether the estimated price change provided b) the price of the 

straddle is accurate, I compared the T_, options price estimates for the underl~ ing stock at T➔ 1 to 

the actual under!) ing stock price at T-1• result that de\'iated from L:ero ignificantl~ ,~ould 

ugge t that the options market is consistently o er o r under estimating the volatilit) of th is type 

of e,·ent. However. a result that does not signi ficantly deviate from zero , ould sugge l that the 

options market has accurate ly estimated Lhe future volatility of the FDA event. 

An increase in open interest ma) be associated with more accurate est imation of the 

underlying stock price after the FDA event date. T his is because as interest and a"'areness build 

surrounding these events hedgers and speculators will seek to trans fer risk among one another. 

causing open interest to rise. Presumably the increased visibilit~ o f the company" s therapy will 

bring increased pricing knowledge to options positions providing more accurate estimates of the 

future price volati lity of the underlying stock. 



C HAPTER IV 

DATA COLLECTIO A D PRESE TATIO 

Discus ion of Data Co!Jection and Presentation 

To ensure that all of the event dates that I used were publicly available. I onl) used events 

that were high lighted on the biotech investment websites. menljoned in Chapter Three. or in 

company reports. I used publicly avai lable data in order to limit the effect of ins ide information. I 

started b~ creating a list of al l the FDA Advisory Committee (ADCOM) and Prescription Drug 

User Fee Act (PDUFA) act ion dates that I could frnd between December 2007 and Apri l 20 13. 

TI1e sample was narrowed to a list o f 220 o f these events. found exclusive!) from public sources. 

I used these t\.\'0 types of events because of the importance o f the outcome of these events on the 

future cash flows of the respective company. 

ADCOM meetings are meetings with a group of experts in the field associated with tbe 

indjcatio o being tested. The meetings are generally set up by the FDA to gather industry 

feedback about the therapy moving through the regu latory process. During these events there is a 

vote regarding the risk reward trade off of the proposed new drug. A ltho ugh these votes are not 

binding. the FDA usuall_ foUows the committee·s recommendations. 

PDUF A dates arc the final approval/rejection decision date by the FDA. lf rejected. the 

company will receive a Complete Response Letter (CRL) that discusses the reason the FDA 

decided not to approve the therapy. The sponsoring company may e lect to try to rectify the issue 

and re-file a New Drug A ppl ication (NDA) or it may s top development of the drug if it deems 

the prospects to be too bleak. 

28 
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From the initial list or events. I removed all companies wit}1 a market cap or greater than 

S-1- billion. I chose to use companies with a market cap of less than -1- billion dol lars because the 

companies under this threshold are most exposed to the binary nature of a pass/fail decision b~ 

an ADCOM committee or the FDA. This is because smaJI biotech companies generally have few 

if any sources o r steady cash flow. As a result the dramatic increase or decrease in the probability 

of future cash nows has a large effect on the stock price of pre-cash now biotech stocks. 

As a company's market cap increases the more likely it is to have other sources of 

potential and actual casb Dow aside from the potential cash flow of the drug undergoing the 

rcguJatory process. In short. more sources of cash now. potential and act11al. for a compan 

diminish the volatility associated with any one particular event outcome. I found a total of 179 

PDUF NADCOM events for companies witl1 a market cap of less than $4 billion. Again. all o f 

these events occurred between August 2007 and April 2013. 

Once the list of events was compiled I removed events for which J could not find 

independent confi rmation of the event having taken place. I looked for press releases or other 

news events that discussed the event in question. Generally there are three potential outcomes for 

an event in the future. The event may occur. it may not occur or it may be delayed. The same is 

true for ADCOM and PD UFA dates. The FDA may delay a PDUF A date if it feels that the 

agency needs more time to make a decision on the therapy. Delays are a risk of thi s type of 

investing. 

From this point I reduced my list of events to 139 observations. The remaining 

observations where ADCOM and PDUF A dates that fit the market cap restriction. and that I 

could find independent confirmation that they either occurred with positive results. occurred with 

negative results or were delayed. I kept the delayed events in the list to represent the risk 
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associated v.ith delays because investor in general will not be able to tell which PDUfA dates 

ma~ be delayed. This mean that the investing comm uni~ wi ll still bcha, e the same v.ay leading 

up to an event even ir it ends up being delayed. The delay may cause a significant loss on the 

position which needs to be accounted for in order to accurately reflect the true profit potential of 

this type of position. 

r used the Fact et option database to retrieve call and put option data for each e em 

remaining on my list. I chose to use the contract that expired closest to the event date. but not 

prior to it. Once I had chosen the contract month I looked for the contract strike price that was 

closest to at-the-mone. three days prior to thee em date. Unfortunately. there were mult iple 

instances where the data was unavailable for various reasons. One reason some data was not 

a ailable was that I could not download it from FactSet ·s database. Another reason was stock 

splits. Rather than making adjustments for stock splits I removed all instances where tbc stock 

underwent a stock split causing the options to be adjusted after issuance. Once I removed the 

observations were f could not retrieve the data. or the data was inconsistent. I was finally left 

with 11 2 events that were usable for this regression ana lysis. 

From this point I began to move the data into a usable form for SPSS. Once r had the 

final list of events I ran several pre analysis data screening tests. The first test was to detect any 

missing variables. I had no events with missing variables once I began SPSS testing because 

events with missing data were dropped from my list prior to this point. 1 then ran a test for 

outliers. I found 23 distinct total outliers in the data set. There were six outliers in each of the call 

and put price data for T.3. The call and put open interest for T.3 had eight and nine outliers 

respectively. 



31 

I cbo e to keep the e outliers in the dataset because the rdative frequency of outlier 

events (more than 20 percent). The supposed outlier events are important to thi s study because 

they show the large profit and loss po tential of this position. although infrequent large losses or 

gains d id occur. As a result of this I decided that they were not actually outliers and should be 

left in the study. Fmthem,ore. the 17 outliers resulting from increased open interest should be 

helpful for the predicti e power of the model. Increased open interest implies that there are more 

participants in the market. each o f them bringing private infonn alion to tbe market and 

improving the pricing mechanism. 

I then nom1alized the data for my prediction of the absolute price change by looking at 

the percentage error rather than the absolute error between the estimated target price and the 

actuaJ price at T+ It was important to normalize the data because without it the results could be 

misleading due to the different prices each stock trades at. The normalization process a llows me 

the use of descriptive stati stics on the resultjng percent error of the estimate. The table below 

shows the sample statistics for the "percent di1Jerence from estimate'· variable. The mean error 

from the estimate is -1 2.32 percent. which means that the price change predicted by the cost of 

one long straddle overestimates future volatility by j ust over 12 percent. The data also show a 

rather large standard deviation of roughly 37.5 percent. Such a large standard deviation means 

that a positive 0.3 sigma e ent would lead to a profit on the long straddle position. 

Table 1 

One Sample Statist ics 

This table s'iows the sample s:at1st1cs for the variable Percent Difference from Estimate. 

Mean Standard Oev1at1on Standard Error Mean 

Percent 01 ference from Estimate 112 -12.3271% 37.48489% 3.54199% 

For the secondary hypothesis. that more open interest will increase the accuracy of the 

estimated price target. I used a multiple regression mode l. The linear regression model has 



St'\ eral assumptions that must he met in order to realize accurate results. The assumptions of the 

lin~ar regression model include the assumption of normality. which assume~ that the error term 

are nonnall_ di tributed. The model also requires a linear relationship bet\,een the Y (dependent) 

and X (independent) variables. Also. the multiple regression model a sumes that there i no 

multicollinearity between the X variables. The model also assumes the expected value of the 

error term is zero. l11e variance of the error term is expected to be constant. And finally the error 

terms cannot be seriall y correlated. 

I chose to use a multiple regression model for the secondary thesis of this study because it 

hows the effect of each independent variable on the dependent variable. The model is developed 

by using at least one independent variable to estimate the value of just one dependent variable. 

For my model the independent variables used were the call open interest al T.3 and the put option 

open interest at T.3. to determine the effect of option open interest on the actual price of the stock 

at T-1-



CHAPT ER V 

DATA ALYSI 

Descripti e Statistics - Primary Hypothesis 

The test for accuracy of the predicted price targets is performed using the descripti ve 

stat.istics of the sample data. The h) pothesis for the primary research question is w hether or not 

the options trading on a small cap bio tech stock can help predict the future absolute price change 

of the underlying stock once the predetermined FDA event occurs. The future absolute price 

change is estimated using the price ro buy one long volatility position. The price of the volatiLi ty 

position is then used to find the upper and lower breakeven prices of tbe underlying stock as 

options traders est imate the future stock price. given a positive or negative event outcome. 

This type of study uses data that is taken from many different companies undergoing a 

similar approval process, rather than one company going through the same process many times. 

As a resuJt. J attempt to determine the effect of the FDA event on a company's share price based 

on the outcome of the event - not necessarily the company's potential or intrinsic worth or the 

specific therapy" s potential. There are instances of a company going through the regulatory 

process multiple Limes with the same therapy. These instances are included in the data set once 

for each unique application process. This is generally the result o f receiving a Complete 

Response Letter in a prior application process. 

The underlying companies all have different characteristics such as market capitalization. 

institutional ownership. analyst coverage and the size of the market for the specific therapy. 

These differences mean that each company will trade uniquely based on its particular 

circumstances. As a result I use the percentage error rather than the absolute error between the 

..... 

.) .) 



34 

estimated price target and the actual price for thjs stud). Ln addition. the descripti, c statistics of 

the prices of the put and call options may not be Yaluable info rmation in isolation. This i. 

because the price of the underlying stock can have a .large effect on the price of the options. as 

well as the other common option variables such as. interest rates. time to expiration. implied 

, o latiliry etc .. all of"" hlch a rc an essential part of most standard options pricing models. The 

effect of t ime value appears limited until after the FDA event occurs. At which point both 

implied volatility and theta value begin to return to a more normalized level. draining signi fican t 

Yalue from both put and call options. 

The s tatistics I outli ne below are only descriptive of this set of sample companies. The 

descripti e s tatistics would likely change significantly with a different sample o f companies 

undergoing a simi lar regulatory process. Table 2 shows the descriptive statistics for the error of 

the estimate and the actual price of the stock at T- 1• T he percent difference from the estimate 

variable shows the accuracy of the estimated price targets. In order to compare the rufference in 

price for the various stocks in the estimate the percentage rufference is used as the variable 

instead o f the absolute di fference. 

Table 2 shows that the options markets est imated target price is. on average. over 

estimated by 12.3 percent This is shown by the mean of -1 2.32 percent. By itself the mean error 

of the estimate is misleading. The table shows that the mode ls largest overestimate of a price 

target was 286 percent. whereas the largest underestimate of a price target is 77 percent. leaving 

a range of more than 325 percent. The di stribution has a skewness of -3.54. which means that 

thi s model consistently overestimates volatility and also has more extreme overestimates than 

underestimates. The kurtosis of the distribution is 25. 756 meaning that although there is a very 



35 

large range for the data. mo I or the obser. at ions fall relative I) close 10 the mean obscr. at ion of -

12.3 perce nt. 

The mean price for the s tocks j ust after the event date at T.,.. 1 is $13.73. "'hile the median 

$ I 0.37. which is an indicator that the stock price data is posi tively skewed because the mean is 

further to the right tail tban the median. lnteres tingly the distri bution for the stock price at T- 1 is 

clo er to a normal distribution than the ·percent difference from estimate · variable. However. 

this distribution beller dep icts a lognonnal d istribution than a normal d istribution. which is 

shO\-\'n in Table I by the kurtosis of 3.74 and the skewness of 1.83. A normal distribution has a 

kurtosis of3 and a skewness of 0. TI1c skewness shows that the probabil ity distribution has more 

positive values than negati e. which intuitively makes sense because a stock price cannot be 

negative. 

Table 3 shows the results of the t-test for tbe percent di fference from estimate variable. 

The t-val ue is -3.48. which is highly s ignificant even at an alpha .001. According to the t-test the 

difference between the expected price and the actual price is statistically significantly d ifferent 

from zero. This result confirms that the difference between the estjmated price targets. using the 

combined premiums of one at-the-money cal I and one at-the-money puL and the actual future 

price is not l.!qual 10 zero. 
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Tab e 2 

Descriptive Sta t istics 
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lnfer~ntial econdan I h pothesis 

The infe rential talistics of the study are confined to the secondary hypothesis. I use a 

mu hi pie regression model to detennine if put and call option open interest is helpful to increase 

the predictability of stock price at T- 1 Option open interest from T.3 is used to try to predict the 

absolute price mo ement one day after thee ent occurs. The call and put open interest can be 

affected by man) outside influences beyond proximity to an FDA event date. which limits the 

value of Lhe descripti ve s talistics for this part of the stud.,. 

Ln this pan of the study J exan1ine the value of using a set o f knovm parameters to try to 

predict the absolute price change o f the underlying stock after the e ent has occurred. This can 

be achieved because we are looking at what we expect to happen, usin g option infonnation that 

is already known and available through options exchanges and brokers. 

Table 4 shows the correlation of the variables to one another. The put option price had a 

positive correlation to the stock price at T+ This result is more confusing because if an investor 

is willing to pay more for a put. it could be sunnised that it is because the stock price is mo ing 

into. or deeper into. the money for that particular put option. This would mean the price of the 

underlying stock is falling. This should lead to a negative corre lation between price at T. .. 1 and 

Lhe put option price. but instead the data shows a statistically significant positive correlation of 

0.5 12. TI1e posi.tive corre lation shows that as the price increases. people are willing to pay more 

for the put option. This is likely because market participants expect the price to fall funher now 

that the price has risen. known as increasing implied volatility. 

There is a statistically significant posit ive correlation between the caJI price and the stock 

price. Th.is result is what I would expect because as Lbe stock price increases the call option is 

going into, o r deeper into. the money. T he further in-the-money the call option is, the more 

intrinsic value it will have resulting in a higher price for the security. The correlation between 
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rock price and call price is 0.541 as seen in Table 4. This is similar to the correlation bel\\een 

put option price and stock price. 

The last correlation I discuss i the corre lation between put open interest and cal l open 

interest. Table 4 shows that there is a statisticall_ significant positive correlation betv,een the two 

open interests of 0.31 1. Tbis shows that some people open call positions because they think the 

price will increase. But there are also investors who think that the price is likely to fall. and as a 

result they begin to open put positions on the stock. The correlation between the open in terests 

suggests that for approximately ever_ three new contracts of call open interest. there will be one 

new contract of put ope□ interest in the equivalent put options. 

The Model ummary in Table 5 shows the R. R2 and the Adjusted R2 at -0.01 4. This 

implies that the two independent variables are not useful wben predicting the future absolute 

change in stock price of the underlying at T,.1• The Adjusted R2 is the most relevant to look at 

because it is adjusted for the number of independent variables in the model. Without adj usting 

for the number of independent variables. an increase in the independent variables will cause a 

corresponding increase in R2
. R2 is typically seen as a --goodness of fit'. fo r the linear regression 

li ne relative to the models data. 

Table 6 focuses on the independent ariables of the regression model. This table contains 

the beta coefficients for each of the variables as well as the standard errors of those betas. The 

betas are important because they are the constants in the regression model equation. The table 

also shows the result of the T-test for each independent variable and the significance level of the 

variable as determined by the corresponding T-test. This information is important because it is 

used to determine which independent variables are significant in predicting the value of the 

dependent variable. stock price at T + I• The --sig:· variable shows that neither the put nor call 
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open interests are significant at the 95 percent level. 111e table also roughly shows at what alpha 

each independent rnriable becomes statistically sig,nificant 

Finally. Table 7 refers to the Ana lysis of Variance of this multiple regression model. 

Despite the name. the analysis of variance o r A OVA test is used to tes t for significant 

d ifferences between means. When developing a linear regression model the variance in the 

estimate is a resuJt of both the error in the regression model and any residual error. The residual 

error is the vru·iance that is not explained by the mode l. The ANOV A test also shows the overall 

s ignificance of the model via the F-Test. The F-value of the model is not greater than the critical 

F-value meaning the model is not considered significant at the 95 percent confidence level. 
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Tnis table shows the Regression llodel suMmary for secondary research question. 

R R Square Ad Justed R Square s andard Error of t he Estimate 

Model 1 0.068 0.005 -0.014 37.73911% 

Table 6 

Regression Model Coefficients 

0.7!1 

0 

This :able shows t he Regression Model coefficients for seconoary research question. 

(Cons-ran ) 

Call Open Interest 

Put Open Interest 

Table 7 

ANOVA 

Uns1andard1zed Standardized 

Coefficients Coeff1c1ems 

B S andard Error Beta 

-14 .354 4 .74 

0.000 0.001 0.026 

0.001 0.001 0.056 

t Sig. 

-3.028 0.003 

0.258 0.797 

0 .552 0.582 

Thrs table shows the Regression Model Analysis of Variance for secondary research quest ion. 

Regression 

Residual 

Total 

Sum of Squares df Mean Square F Sig. 

725. 753 2 362.876 0.255 o. 776 

155242.194 

155967.947 

109 

111 

424.24 
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CHAPTER Vl 

DLSC SSION. CO CLUSSTON AND RECOMMENDATJONS 

Discussion 

The primary purpose of this stud., is to detennine whether or not the price of a long at­

tbe-money straddl.e accurately estimates the future upper and lower price targets of the 

underlying stock whiJe approaching an FDA event. Does the estimated price of the underlying 

stock. using option prices from T.3_ equal the actual price of the underlying stock at T- 1? The 

estimated price targets. as determined by options traders. have overestin1ated volatility if the 

actual price at T +t is between the upper and lower price targets that are established using the T.3 

option data. Conversely. options traders have underestimated volatility if the actual price is 

beyond the upper or lower estimated prjce targets. As mentioned in Chapter 5, the study looks at 

the percent deviation from the appropriate price target rather than the dollar deviation from the 

price target. If the stock at T + 1 is above the strike price of the at-the-money strangle. then the 

upper price target is used as tbe target price and vice versa if the actual price is below the strike 

pnce. 

Referring to Tabl.e 2 (Chapter 5). the mean percentage difference from the price target is 

-J 2.32 percent. The t-test for the variable is shown in table 3 (Chapter 5). The t-test determines 

whether the percent difference from the estimate is statistically signjficantly different from zero 

at the 95 percent confidence level. which it is. The t-test for this variable is -3.48, which is 

significant at the 99.9 percent confidence level. This indicates the near certainty that the expected 

target prices before an event do not reflect the actual price after the event occurs. As tbe 

descriptive statistics in Table 2 show. the implied volatility is greater than the expected volatility 

41 
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in nearly 80 percent of FDA events in this sample. Therefore. for instances ""here the actual price 

,\as above the strike price the actual stock price. on a erage. wa 12.32 percent lower than the 

estimated price. When the actual stock price was below the strike price then the stock price was. 

on average. 12.32 percent higher than the estimated price. In both situations the long traddle 

position o erestimated the volatility of the stock when compared to the actuall) volatiJit) that 

occurred one day after the FDA event. 

The skewness of -3.54 incticates that the long straddle position a lmost alv,ays 

o erestimates the future price changes of these events. In only 24 out of 112 total observations. 

or 2 1.4 percent. did the long volatility position underestimate tJ1e future absolute price change o f 

rhe underly ing stock. This implies that a short straddle position infriated three days before an 

FDA event date and c losed one day after the event date would return. on a erage. roughly 12 

percent in four day . This is information could be very useful to the various traders and investors. 

The secondary research question is whether an increase in put and call open interest at 

T.3 helps ex.plain the change in price at T + I• The secondary research question is modeled using 

multiple regression. The model uses two independent variables, caU and put option open interest. 

to determine the effect of open interest on absolute stock price change four days in the future. 

The resu lts show that the two independent variables above are not s tatis tically significant 

indicators of the underlying stock·s absolute price change one day after an FDA event date. At­

the-money option open interest three days before an event date does not have a significant effect 

on the price one day after an FDA event date. 

Table 4 (Chapter 5) shows the correlations of the variables. It is interesting that put and 

call open interest did not have a strong correlation with the stock price at T-1- 1 expected that as 

open interest increased. the accuracy o f the estimated absolute future price change would 
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improve. Resulting in a stronger correlat ion with the future stock price. However. the 

correlations show that neither put nor call open interest at T.3 are sn·ongly corre lated with the 

stock price at T+1• As expected. the call option open interest showed a posi ti ve correlation to the 

stock price. 

The adjusted R2 of the model is an important statistic when determining tbe ability of tl1e 

model and data 10 predkt the actual outcome. in this case the actual price at T" 1 This model has 

an adjusted R2 of -0.014. which indicates that put and cal l option open interest at T.3 does not 

explain any of the changes in the stock price at T + 1• 

Finally. the model did not exhibit statistical significance. tested at the 95 percent 

confidence level. As shown in table 7 (Chapter 5) the model exhibited an F-Value of 0.255. 

whfoh is welJ below tbe required F-Stat of approximately 2.4. Such a small F-V alue indicates 

that the model would only be significant below the 77 percent confidence level. This means that 

put and call open interest is not very significant in predicting the future absolute price change of 

the stock at T + 1. 

The low degree of significance of the model and the negative adjusted R
2 

show that this 

model is not useful for predicting the future price of the underlying stock at T+1- This result may 

differ if more independent variables were included in the model. In the Recommendations for 

Further Research section later in this chapter I discuss other independent variables that I think 

may increase the adjusted R2 of the model. 
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The final equation for the model is shown below: 

Y = -l-t35 + 0.00X, - 0.001 X2 - e 

Where: Y = The Price of tbe underlying stock one day after FDA e\'ent or PtT- ,, 
a= They-intercept 
PX1 = Open interest in put 
PX.2 = Open interest in call 
e = Error of the model 

I believe that lam tbe first to study how options information can be used to predict the 

future absolute price change in a small cap biotcch stock leading up to an FDA event date. 

However. several researchers have done studies to detennine the effect of options on stocks that 

are approaching an ea rnings announcement. For example. Patell and Wolfson ( 1979. 1981) 

found that there was an apparent increase in implied volatil ity in options leading up to earnings 

announcements. e en if after tbe fact very little volatilit_ actually materialized. The same effect 

can be seen in the data fo r this study. Despite the primary hypothesis not being statistically 

significant evidence of future price changes. Comparing the estimated price changes to actual 

price changes shows that the market often over estimates volatiUty. and rare ly underestimates it. 

Cheung and Whaley ( 1982) found that when tradi ng options leading up to an earnings 

announcement it was not possible to make a net profit after transactions costs. As mentioned in 

the prior paragraph. the market tends to pay fo r more vo latility than actually materializes. As a 

result. a trader would very rarely make a net profit after transaction costs by going long one at­

the-money straddle position on a small cap biotech stock three days before an event date. A long 

straddle position consists of one long at-the-money call option and one long at-the-money put 

option. and both options must use the same strike price. 
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Conc lu ion 

The practical application or this research is important because these two research 

questions develop insight into the volatilit) estimates of the options market leading up to an FDA 

event. In answer to the primary research question. the model shows that the market overestimates 

the acrual volatility by 12.32 percent. on average. roughly 80 percent of the time. The large 

degree of error and the consistent nature of the overestimatjon show that this method of 

estimating volati lity is biased toward greater volati lity in the underlying stock. 

for the secondar) research topic. the models shows that the two easily accessible options 

variables explain none of the resulting price movement in the underlying stock one day after a 

high volatility FDA eYent date. The price targets developed from options data three days before 

the FDA event date are important information that is va luable to both speculators and hedgers. 

The ability to estimate price targets fo r the stock after the outcome of the FDA event would 

enable speculators and hedgers to better enact the ir respective trading strategies. 

Theoreticall y. more efficient trading strategies should lead to more efficient markets. As 

the market approaches equilibrium. speculators. hedgers and investors use their new information 

for trad ing purposes. The act of trad ing on the information provided by options data will cause 

the incremental knowledge to become priced into the underlying stock. Over some period of rime 

the incremental profit potential from the knowledge will erode. resulting in more efficient 

markets. Hypothetically. this means that over this sample period shorting volatility would have 

been a profitable strategy, such a strategy may not continue to be profitable. 

This study supports for the notion that short dated options provide pric ing information 

that can be useful for estimating the future price change of an underlying stock. Short dated 

options were histo rically seen as near worthless. at least according to the Black- choles Model 
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( 1973 ). I lowever. Lhis SlUdy suggests that short dated oprions have , aJue ba ed on their estimates 

of future rugh volatility e ents as found by Pattell and Wolf on ( 1979.1981 ). 

Billings and Jennings (201 1) u ed short dated options in their stud) of volatil ity 

a sociated with earnings announcements to represent an allowance for infom1ation coment in 

traders· expectations of volatil ity leading. up to the earnings event date. This study provides 

corroborating evidence that traders are using shon dated at-the-money options 10 re flect 

estimates of future olatility, but in this case as a result of upcoming FDA events. 

The t-test sbo, .. .,s us that we must reject the primary null hypothesis that the expected 

abso lute price target m inus the actuaJ stock price at T- 1 is equa l to zero. Interestingly. the high 

degree of statistical signi ficance implies potential value in selling volatil ity by going shon one 

at-the money straddJe over this time period. Both the put and caJI open interest pro ed not to be 

significant estimators at the 95 percent confideoce level. Based on the F-test. the secondary 

model is not significa□l. and as a result we must rej ect the null bypotJ1esis that put and call open 

interest can help expla in the actua l stock price one day after an FDA event. 

Recommendations for Further Studies 

The fi rs t area of additional research I would recommend is using call and put optioo 

olume. in addition to open interest. to enhance the accuracy of the multiple regression model. 

This would be useful because it i □corporates the actuaJ trading in the options rather than just the 

outsta□ding contracts. Volume may be more useful if it is measured based on all call a□d put 

options in the option chai n for the releva□t month. The relative number of puts and caJJs being 

purchased may help to enlighten directio□ instead of j ust the absolute price change of the 

underlying stock once thee ent occurs. Directional information could be extremel., usefuJ for 

traders and hedgers in markets with high volatili ty. sucb as the small cap biotech stocks. 
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For the m ultiple regression model. time to maturity may be a \'ariable that could be useful 

in increasing the accuracy of the model. This i because often time the event v. iU take place 

several v. ecks before the options expiration. which is when rime , ·alue deca. on options is the 

greatest and this could ha\'e an effect on the option prices. However. Leading up to the e\'ent date. 

it appear that time value deca~ is mi nimal on these options due to the high expected olatility o f 

the underlying stock. The heightened expected volatility is a result of the binary e\'ent 

forthcoming. The res idual time alue of the options after the event date may cause the prediction 

of percentage price change to be biased on the high side unless time value is taken into account. 

A nother interesting explanatory ariable to add to the model might be an estimate of the 

therapeutic size of the market for the therapy undergoing the regulato ry process. Market size of 

the therapeutic market could help estimate the absolute price change post the event date. This 

would be an important variable because analysts often use a discounted cash flov. model. 

discounted fo r the likelihood of approval of the underlying therapy to determine the value of 

small cap biotech stocks. In these mode ls the cash Clows are ultimately derived by estimates of 

the sales from the new therapy for the company sponsoring the approval process. 

The effect may be magnified for the call options because information would generall y be 

used to determine a cash flow level much higher than the company would ha e if the therapy 

failed the regulatory process. leading to a higher stock price. A n impediment to using this 

variable would be detem1 ining the market s ize fo r each therapy. However. if an investigator 

could achieve relatively accurate size estimates it could be a significant determining factor into 

the absolute price change of the stock o ne day after the event date. especially for the ups ide price 

target. 
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One might also add an X , ariable that could help to define the down ide price target of 

the underlying stock by adding a variable for cash per share of the stock undergo ing the 

regulatory procc . ln rbc case o f a rej ection o f the therap) many small cap biotecb companie 

trade near their casb level per share. Cash per share is available o n a lagged bas is v ia quarterl y 

repo rts. which wou ld provide a fairl) s imple method to determine an approximation of the 

variable. Using both a therapeutic market estimate and a cash per share estimate the model may 

predict absolute price changes much more accurately. This info rmation could he lp t raders and 

hedgers to set target prices more accurately and may ultimately lead to bener trading decisions 

and as a result profit potential. 

Final!). it may be beneficial to use lognorrnal variables in the regression model because 

the actual distribution of each of the variables more close ly represents a Jognom1al distribution. 

A variable that cannot ha e negati c, alues can be modeled better using the lognom1al 

distribution. Ultimately there sho uld be enhanced accuracy of the predictions as a result of 

modeling the log values of the data. 
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APPE DlX 

Basic Options Tennioology 

ADCOM: FDA Advisory committee 
Ask Price: T he price that a dealer is offering to sell an a~set. (Hui I. 2012) 
At-the-money Optio11: An option io which the strike price equals the pri ce of the underly ing 

asset. (Hull. 2012) 
Bid Price: The price that a dealer is prepared to pay for an asset. (11 uU. 2012) 

Binary Eve11t: An event that has one of two outcomes. positive o r negative. 
Black-Scholes-Merto11 Model: A model for pricing European options on stocks. developed by 

Fischer Black. Myron Scholes, and Robert Merton. (Hull. 2012) 
Call Option: An option to buy an asset at a certain price b_ a certain date. (Hull. 2012) 

Cash Settlement: Procedure for setlling a contract in cash rather than by delivering the 

underlying asset. (Hull.2012) 
Delta: Change in asset price per dollar increase in the underlying asset. (Deriv - Hull) 
Delta Hedging: A hedging scheme that is designed to make the price of a portfol io of derivatives 

insensitive to small changes in the price of the underlying asset. (Hull, 2012) 
Derivative: An instrument whose price depends on. or is derived from, the price of another asset. 

(Hull, 2012) 
Exercise Price: The price at which the underlying asset may be bought or sold in an option 
contract (also called the strike price). (Hull. 2012) 
Gamma: Change in Delta per dollar increase in underlying asset. (Hull. 2012) 

Greeks: Hedge parameteis such as delta, gamma vega. theta. rho. (Hull. 2012) 

Historic Volatility: A volatility measure calculated from historical measurements. (Hull. 2012) 

Implied Volatility: Volatility implied from an option price using the B lack-Scholes or a similar 

model. (Hull. 2012) 
I11-the-Mo11ey Optio11: Either (a) a call option where the asset price is greater than the strike 

price or (b) a put option where the asset price is less that the strike price. (H uLI, 2012) 

J11tri11sic Value: For a call option, this is tbe greater of the excess of the asset price over the 
strike price and zero. For a put option, it is the greater of the excess of the strike price over the 

asset price and zero. (Hull, 2012) 
Jump Process: Stochastic process for a variable involving jumps in the value of the variable. 

Liquidity Risk: Risk that it wi ll not be possible to sell a holding of a particular instrument at its 

theoretical price. (Hull. 2012) 
Market Maker: A trader who is wiJJing to quote both bid and offer prices for an asset. (Hull. 

2012) 
Maturity Date: The end of the life of a [option] contract. (Hull. 2012) 
Open interest: The total number oflong positions outstanding in an options contract (equals the 

total number of short positions). 
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Ope11i11g Tra11sactio11 : A transaction in which a u-ader establishes or increases a position in an 

option. (Chorafas. 2008) 
Option: The right to buy or sell an asset. (Hull. 2012) 
Out-of-tlte-Money Option: Either (a) a call option where Lhe asset price is less than the strike 

price or (b) a put option where the asset price is greater than the strike price. (H ulJ. 2012) 

PDUFA: Prescription Drug User Fee Act 

Premium: The price of an option. (Hu LI, 20 12) 
Put Option: i\n option to sell an asset fo r a certain price by a certain date. (Hull. 20 12) 

Rho: Change in option price per 1 p ercent increase in the interest rate. (Hull. 20 I 2) 
Short Selling: Selling in the market shares that have been borrowed from another investor. (Hul l. 

2012) 
Specullltor: An individual who is taking a position in the market. Usually the indjvidual is 

betting that the price of an asset wi II go up or down. (Hui I. 2012) 

Stock: Ownership of a share of the equity of the issuing company. 

Stock Optio11: Option on a Stock. (HulJ, 2012) 
Strike Price: The price at which t he asset may be bought or sold in an option contract (AKA 

Exercise price) . (Hull. 20 I 2) 
Theta: Change in option price per calendar day passing. (H uJJ. 2012) 
Theoretical Value: The value of an option using a pricing model, such as Black Scholes or the 

Cox-Ross model. 
Time Value: The value of an option arising from the time left to maturity ( equals an opti.on · s 

price minus its intrinsic value). (Hull, 2012) 
Volatility: A measure of the uncertainty of the return realized on an asset. (Hull. 2012) 

Volume: The total num ber of opt ions contracts fi lled for the day. 
Intrinsic Value: The portion of an options value that is a result of the in the money-ness of the 

option. 
Vega: Change in option price per l percent change in volatility. (Hull , 2012) 

Writing a11 Optio11: Selling an option (Also known as short the option). (Hull. 2012) 
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