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Abstract

We investigate the value relevance of non-financial information in the US biotechnology
industry by studying the stock market reactions to announcements of drug development
outcomes for a sample period of 10 years (from January 2010 to December 2019). We find
that the market reacts strongly to these announcements and that the magnitude of the mar-
ket reaction differs between announcements made in different phases of the drug development
process as well as between positive and negative announcements. Consistent with our theo-
retical predictions, we find that the market reacts more strongly to late-stage announcements
than to early-stage announcements and more strongly to negative announcements than to

positive announcements.
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1 Introduction

In this paper we investigate the value relevance of non-financial information in the biotech-
nology industry. Our study focuses on biotechnology firms involved in the research and
development of new drugs. Disclosures of accounting information are considered value rel-
evant (Botosan, 1997). However, relying solely on accounting information to valuate firms
is only appropriate when future performance resembles past performance, which is clearly
not the case for biotech firms in the process of developing a new drug. The drug develop-
ment process is long and characterized by heavy investments in R&D/[T It often costs more
than 1 billion USD to develop a drug (Ernst & Young, 2017). In fact, even though the US
biotechnology industry is becoming a mature industry with a growing number of profitable
companies (Nasdaq, 2017), most biotech firms are still in the early life-cycle stage where
they typically spend more than 100% of revenues on R&D. Consequently, as US accounting
standards require companies to expense their significant value enhancing investments in in-
ternally developed intangible assets, many biotech firms report large losses year after year.
These industry characteristics give reasons to believe that non-financial information, such as
progress announcements, is more value relevant than traditional accounting information for

biotechnology firms.

The drug development process consists of several research phases. For a drug to be approved
by the Food and Drug Administration (FDA), it has to pass the last clinical trial phase,
Phase III. However, passing Phase III requires the drug to pass all earlier phases, includ-

ing the pre-clinical phase, Phase I, and Phase II, and the drug can fail at any of these phases.

Overall, there appears to be a consensus regarding the value relevance of non-financial in-
formation in the biotech industry (Callen et al., 2010; Dedman et al., 2008; Ely et al., 2003;
McConomy and Xu, 2004; Xu et al., 2007) E] Therefore, in this study, we are interested not

only in whether the market reacts to disclosure of drug development information but

IThe largest R&D costs occurs during the clinical trials (Ernst & Young, 2017).
Znotwithstanding Hand (2005)



more in how the market reacts. Does the market react more strongly to disclosure of drug
development information in earlier phases or in later phases? Does the market react more

strongly to positive announcements or to negative announcements?

To answer these questions, we first build a simple model. Our model predicts that stock
price reacts more strongly to late-stage negative announcements than to early-stage negative
announcements and, if passing an early stage is more likely than passing a late stage (con-
ditional on passing the early stage), stock price reacts more strongly to late-stage positive
announcements than to early-stage positive announcements. Moreover, under the condition
that passing a phase is more likely than failing at a phase, stock price reacts more strongly to
negative announcements than to positive announcementsﬂ We then bring these predictions
to US data using a 10 years sample period (from January 2010 to December 2019). Consis-
tent with our theoretical predictions, we find that market price does react more strongly to
late-stage announcements than to early-stage announcements and more strongly to negative
announcements than to positive announcements. Moreover, the behavior of trading volumes
is similar, which also react more strongly to late-stage than to early-stage announcements

and more strongly to negative than to positive announcements.

Finally, we also look at firm- and project-specific variables to explain the cross-sectional
variation in abnormal returns. In line with our predictions, we find that the larger the in-
vestment (number of patients) in the clinical trial, the larger the market reaction, and the

larger and more diversified the firm is, the smaller the market reaction.

This study provides the following contributions to the accounting and finance literature.
First, it documents how the market reacts in aggregate to US biotechnology firms’ disclo-

sure of non-financial information. Second, it shows to which extent firm- and project- specific

3In our data, the average success probability of Phase I and Phase III clinical trials are 0.65 and 0.59.
For Phase II trials the average success probability is only about 0.33. For Phase I/II and Phase II/III it is

0.56 and 0.48, respectively.



information is relevant to investors. This knowledge is important for investors evaluating
biotechnology firms as all else equal, a firm with fewer drugs in a certain development phase
has a considerably different risk profile than a firm with more drugs in that same phase.
Regardless of the importance of these factors to investors, it is very difficult to find reliable

measures of these differences in the literature (Jeppsson, 2010).

Next, to our knowledge this study is the first to include historical success rates per therapy
area for biotechnology firms’ R&D advances. Many studies conducted in the past have used
DiMasi (2001) success rates which are based on pharmaceutical companies, not biotechnology
firms (e.g., Ely et al., 2003; Jeppsson, 2010; Xu et al., 2007). Using biotechnology-specific
success rates give a more reliable prediction of the success probability for different types of

drugs in specific phases of the R&D processﬁ

Finally, as far as we know this study is the first to evaluate the market effects of announce-
ment of combined clinical trial phases (Phase [/II and Phase II/III) in the US biotechnology
industry. These combined phases are supposed to allow research questions to be answered
more quickly or with a smaller sample of patients. Although, there is a lot of literature
discussing the effects of individual-phase announcements (Phase I, Phase 1T and Phase III),
we have not been able to find any literature studying if the same effects can be found for
combined phases. This study documents the difference in market reactions to both individ-

ual and combined-phase announcements.

4DiMasi (2001) classified the pharmaceutical therapy areas’ success rates in ten categories updated as of
December 31, 1999. In this study we use Biotechnology Innovation Organization’s (2016) biotech success
rates. These rates were estimated using information of biotechnology companies clinical and regulatory phase

transitions from 2006 to 2015 for fifteen different therapy areas.



2 Literature Review

Our study is related to the literature on the value relevance of non-financial information in
the following ways. First, we study the difference in price reaction to early- and late-stage
R&D announcements and we find empirical support for our hypothesis, that the market will
react more strongly the closer a drug is to receiving final approval. Our result is in line with
most of the existing empirical results. More specifically, Dedman et al. (2008), Jeppsson
(2010) and McConomy and Xu (2004) find that the strongest market reaction comes from
later stage announcements (i.e. Phase III status updates). One exception is Ely et al (2003),
who find that price reactions are largest and significant only for Phase II announcements.
The reason why Ely et al. do not find a significant market reaction for the later stage
announcements, could be that they do not have the correct event date or because of an over-
sampling of drugs in Phase II (Joos, 2003). According to Joos (2003) information on Phase
IIT and FDA submission typically becomes available through alternative information sources,
such as medical journals, conference abstracts and analyst meetings before companies make
the public announcement. However, because disclosures can influence the companies’ stock
price, securities laws prohibit companies from providing this information elsewhere before
first making it publicly available (i.e., there is a rule against “selective disclosure” (Fisher,
2002)). Failing to follow Securities and Exchange Commission (SEC) regulation may lead
to lawsuits. The oversampling of Phase II drugs Joos argues is due to there possibly being
a reporting bias in the PhRMA surveys, caused by under-reporting of Phase I clinical trials,

for competitive reasons.

Second, we study the difference in price reaction to positive and negative R&D announce-
ments and find empirical support for our hypothesis, that the market will react more strongly
to negative announcements. Our result is consistent with the findings of asymmetric market
reactions to positive versus negative R&D announcements documented by empirical studies
using European data (Jeppsson, 2010) and using less recent US data (Xu, 2009). The posi-
tive (negative) return on day zero for Phase I, Phase IT and Phase III respectively, are 2.53%
(-20.18%), 2.68% (-15.28%) and 4.83% (-39.04%). Also, Callen et al. (2010) document a



strong market reaction to negative news (mean abnormal return -23%) which they conclude
shows the economic importance of each drug under development. Jeppsson (2010), on the
other hand, argues that the large reaction to negative news suggests that negative news are

largely unanticipated by investors.

Finally, our documentation of the value relevance of disclosure of drug development infor-
mation is consistent with the broader results on value relevance of non-financial information.
Amir and Lev (1996) investigate the value relevance of financial information, such as earnings,
book values and cash flows of US cellular companies, and find that these variables alone are
unrelated to security valuation. Further, they find that non-financial information is highly
value relevant and that combined with non-financial information some financial variables,
like earnings, do contribute to explaining market value. When McConomy and Xu (2004)
investigate if the same is true for biotechnology firms they find that the market reacts more
strongly to non-financial disclosures than to earning announcements. Their findings explain
why for these companies, analysts and investors tend to focus on the revenue-generating
potential of products in development (Yang, 2008) and hardly ever mention earnings in their
industry analyses (Amir and Lev, 1996). Hirschey, Richardson and Scholz (2001) find simi-
lar results when studying a broader sample of high-tech companies, including among others,
biotech, computer and communications firms. They more specifically find that patent qual-
ity data is most helpful when investors assess ongoing value creation by R&D investments
in high-tech industries. In fact, R&D announcement information, which is what we study,
is just one type of non-financial information and patent data which is another type has
been used extensively in prior studies of the biotechnology industry. For example, patents
have been used as a measure of R&D success (e.g., Joos, 2002), as a proxy for the firm’s
knowledge base and future earnings potential (e.g., Callen et al., 2010; Yang, 2007), and as a
determinant of biotech firms’ disclosure strategy (e.g., Guo et al., 2004). Callen et al. (2010)
find positive (negative) abnormal returns around the announcement of patent grants and
patent infringement lawsuits in favor of (against) biotech firms, hence providing evidence of

patent data being another value relevant non-financial measure in the biotechnology industry.



3 Background

There are several research phases during the drug development process. In the pre-clinical
phase (which we do not investigate in this study), basic questions about a drugs safety are
answered through testing in animal subjects. During the clinical trials, the drug’s safety and
possible adverse effects are evaluated through tests on human subjects. More specifically,
Phase I trials evaluate if the drug is safe to take, what the ideal dosage is and how it should
be administered. While Phase I is performed on healthy volunteers, Phase II is an evalua-
tion in patients with the target disorder. Phase II trials test the efficacy and further study
side effects of taking the drug. Phase III, which is the last clinical trial phase before FDA
approval, is meant to demonstrate that the drug is at least as safe and effective as existing
treatment options (US Food and Drug Administration, 2018). Finally, Phase I/II (mostly
used in cancer drug development) tests for safety and side effects and Phase II/III (mostly
used in cancer drug development) tests for efficacy, side effects and adverse reactions in a
shorter period, using smaller samples than traditional separate trial phases (National Cancer

Institute, 2020).

Manipulation of R&D progress updates is prohibited and the FDA acts as a gatekeeper who
decides whether to grant approvals and monitors companies’ press releases to make sure
that they do not contain misleading information. Decisions not to disclose material infor-
mation when there is a duty to disclose or to disclose inaccurate information may lead to
private lawsuits, SEC enforcement actions, and even criminal prosecutions. In the context
of biotechnology firms the duty to disclose is triggered once one of two events occurs: 1)
trading in the biotechnology firm’s stock by insiders, or 2) a statement is made by the firm
(including officers speaking for the firm) that misleads investors unless the firm also discloses

material information it has been withholding (Fisher, 2002) ]

5For example, any comment by a biotechnology firm that even implies effective performance may lead to

a litigation later if the firm fails to simultaneously disclose negative test results (Fisher, 2002).



4 Theory and Research Hypotheses

Consider a simple model of the drug development process, consisting of two phases, an early
phase and a late phase. For simplicity, we assume only two phases. As we mentioned in the
introduction, in practice, there are more than two phases. Extending our analysis to the
case of more than two phases is straightforward, but it will not change the qualitative results
obtained from our simple two-phase model. The drug, if successfully developed, will generate
a profit for the firm, which is normalized to 1. The probability of the drug passing the early
phase is p € (0,1) and the probability of the drug passing the late phase (conditional on the
drug passing the early phase) is ¢ € (0,1). For analytical convenience, assume that the firm

incurs no cost of developing the drug.

In what follows, we compute the expected firm value with the drug in different scenarios.
Denote the value of the firm by 7. The unconditional expected firm value (i.e., the expected

firm value before the early phase) is given by

Elr] = pg +v (1)

where v > 0 represents the value from all other projects and we assume that v is a fixed
constant throughout the drug development process. The expected firm value conditional on

the drug successfully entering the late phase is given by

E[r|entering the late phase] = q + v. (2)

The expected firm value conditional on failing at either stage is v. The expected firm value
conditional on passing the late phase (the last phase in our model) is 1 + v. The above
results can be used to compute market reactions to different announcements. We measure
market reaction to a certain announcement by the difference in expected firm value before
and after the announcement. Let my , be the market reaction to Phase k € {early, late}

announcement a € {S, F'}, defined as a percentage change of expected firm value before



and after this announcement, where S denotes success and F' denotes failure. For example,
Mearly,s denotes the market reaction to an announcement of success in the early phase, and
Myqte, 7 denotes the market reaction to announcement of failure in the late stage. Following

our definition, we obtain that

E[r|entering the late phase] — Eln] g —pq

ear = 3
m ly,S E[Tr] g + o ( )
E[n|failing the early phase] — E[r] —pq (4)
Mear - =
b F E[n] pq+v

E[r|passing the late phase] — E[r|entering the late phase] 1 —q

ate,S — ; = 5)
Mhate, E[rn|entering the late phase] q+v 5)
E[n| failing the early phase] — E[r|entering the late phase] —q (6)
Miate, F = ; =
fate I E[rn|entering the late phase] q+v

Observations. First, it is obvious from equations (4) and (6) that meqriy,p and Mmygee, p
are negative. Second, because p < 1 and ¢ < 1 it is obvious from equations (3) and (5)
that meqriy, s and myqee, s are positive. Thus, successfully passing any phase will lead to an
increase in firm value and failing any phase will lead to a decrease in firm value. Based on

these observations we formulate our first hypothesis.

Hypothesis 1: The abnormal share price reaction will be positive for disclosures of positive

R&D announcements and negative for disclosures of negative R&D announcements.

Next we notice that

—¢ _ _—pq _palg+v) —glpg+v) _ pgu—qu 7)
g+v  pgtv (pg +v)(q +v) (pg +v)(g+v)

Miate,F — Meariy,F =



Because p <1, ¢ >0 and v >0 we have pqu — qu < 0. It is thus clear from the above
equation that myq¢e r is more negative than meqryy 7. This result implies that the market
reacts more strongly to disclosure of late-stage negative announcements than to disclosure of
early-stage negative announcements. Second, whether my,¢. ¢ is more positive than meqriy,s
(i.e., whether the market reacts more strongly to late-stage positive announcements than to

early-stage positive announcements) is ambiguous. However, note that

l-q¢ g—pg _v(l—29+pg)+pg—¢° ®)
g+v  pg+v (¢ +v)(pg +v)

Miate,s — Mearly,S =

If p>gq, then 1 —2¢+pg>1—-2¢+¢*>=(1-¢q)* >0 and pq — ¢> > 0, in which case the
last expression in the above equation is positive. Thus, late-stage positive announcements
have a stronger effect on market price compared to early-stage positive announcements if
passing the early stage is easier than passing the late stage (i.e., if p > ¢). The average
success probabilities in our data suggest that passing an early stage is indeed easier than
passing later stages (i.e., the probability of passing Phase I is higher than the probability of
passing Phase II and Phase III). The above analysis implies the following hypothesis:

Hypothesis 2: The abnormal share price reaction will be larger for disclosures of late-stage

R&D announcements than disclosures of early-stage R&D announcements.

Further, we investigate whether the market reacts more strongly to negative announcements
or to positive announcements by computing the difference between |m.qriy, 5| and |meqriy F|

and between |myqe. 5| and [myqee p| (in absolute value terms).

pe q—pg _q(2p—1) (9)
pgtv  pgtv  pgtv

| Mearly, F ’ - | Mearly,s |:

g _l—-g¢g_ 2¢-1
Migte,F | — | Miate,s |= — = 10
tate,F | — | Miate,s | itv gtv  qg+to (10)




Equations (9) and (10) are both positive if p > 1/2 and ¢ > 1/2. Thus, if passing a phase
is more likely than failing at a phase, negative announcements will have a more profound
effect than positive announcements. These conditions are satisfied in our data for Phase I
and Phase III. In our data, the average success probability of Phase I and Phase III clinical

trials are above 0.65 and 0.59, respectively. We formulate the third hypothesis as:

Hypothesis 3: The abnormal share price reaction will be larger for disclosures of negative

R&D announcements than disclosures of positive R&D announcements.

For Phase II trials the average success probability is only about 0.33. For Phase I/IT and
Phase IT/T1T it is 0.56 and 0.48, respectively. Because the combined phases did not have any
historical success probabilities reported in the BIO (2016) study (see Appendix 2 for details)
we calculated the probabilities used in this study as the average between Phase I and Phase
IT and between Phase IT and Phase III. Hence, the actual success probability for Phase I1/I11
could well be above 0.5. We therefore test both hypothesis 2 and 3 using Phase I (Phase
[/1I) and Phase III (Phase II/III) clinical trial announcements.

Finally, we run the same tests for trading volumes, as for returns. The studies of price-
volume relation can be traced all the way back to Osborne (1959); however, it was not until
Ying (1966) that price-volume correlation was first documented in the same data set (Kar-
poff, 1987). Using previous and current research as support, Karpoff (1987) established two
empirical relations. First, volume is positively related to the absolute price change. Second,
in equity markets, volume is also positively related to the price change per se. These findings
are further supported by more recent studies. For example, Matilla-Garcia, Marin and Dore
(2013) found empirical results of a causal relationship between stock returns and trading

volumes. Based on these findings we formulate our fourth hypothesis.

Hypothesis 4: The abnormal volume reaction will be larger for disclosures of late-stage R&D
announcements than disclosures of early-stage R&D announcements and larger for negative

R&D announcements than disclosures of positive R&D announcements.

10



5 Data and Methodology

This section first describes the sample selection process and second the research methodology

used in this paper.

5.1 Sample and data

Our sample consists of companies included in the NASDAQ Biotechnology Index (NBI) after
the annual re-ranking in December 2019. All firms included in the sample are involved in the
research and development of new drugs. To ensure a homogeneous sample we excluded 31 of
the 214 initially identified firms, since they are not classified as Biotechnology according to
the Industry Classification Benchmark. We collected, stock prices, trading volumes as well

as all other financial and accounting data from the Bloomberg Terminal.

In total we have a sample of 954 R&D announcements, which are hand-collected, from the
corporate websites of 132 biotech firms. The other 51 firms in the NBI were dropped at
this stage due to lack of R&D announcements during the sample period 2010 to 2019 or
because they lacked enough stock price data for the estimation window. We categorize an
R&D announcement both according to the associated phase and the type of announcement.
There are three possible types of announcements, initiation, positive, and negative. Initia-
tion refers to an announcement of entering a particular phase. Positive announcements refer
to announcements that include phrases such as “positive results” and “primary endpoint was
met”. Negative announcements refer to announcements that include phrases like “negative
results” and “primary endpoint was not met” or words like “discontinue” and “terminate”
(see Appendix 1 for more details). Table 1 reports the number of announcements in our
sample for each announcement category. From Table 1 we observe that there are 609 posi-
tive and negative announcements of which 90% are positive. This finding is consistent with
Dedman et al. (2008), Ely et al. (2003) and Jeppsson (2010). Dedman et al. report that one
of their most important findings is that firms fail to release negative news, after their sample
revealed only 5% negative R&D announcements. Ely et al. and Jeppsson had samples with

15% and 25% negative R&D announcements, respectively.

11



Table 1. Clinical trial phases and R&D announcement classification

Announcements category Stage Number of announcements

Initiation 73
Results (positive) Phase I 127
Results (negative) 3
Initiation 114
Results (positive) Phase I 201
Results (negative) 24
Initiation 108
Results (positive) Phase III 172
Results (negative) 31
Initiation 40
Results (positive) Phase I/II 44
Results (negative) 0
Initiation 10
Results (positive) Phase II/III 7
Results (negative) 0
Total 954

Note: This table reports the different types of announcements and the different phases of the R&D process that
we consider in our analysis.

5.2 Event study methodology

To analyze the effect of R&D announcements on stock price and trading volume we follow
the short-term event study methodology as suggested by MacKinlay (1997). MacKinlay
describes multi-factor models for event studies as suitable only for samples where firms have
a common characteristic, like for example being members of the same industry. However,
prior studies of the biotechnology industry which performed an event study (e.g., Callen et
al. 2010; Dedman et al. 2008; Jeppsson 2010) have used the market model, which is a single
factor model, to estimate predicted returns. Hence, we decide to follow standard practice
(i.e., use a single-index model) and choose to use the NBI as a proxy for the market portfolio.
Although all pharmaceutical companies in the NBI are excluded from the sample we still
choose to use the index as a proxy for the market portfolio since pharmaceuticals make up

less than 9.5 percent of the index market value.

12



We use the following formula to calculate the mean cumulative abnormal return:

CAR(tl, tg) = E?:tlA_Rt (11)
where
__ 1 N
ARt — NZiZIAR’it (12)
and where
ARj; = Ry — (& — BRy) (13)

AR;; is the abnormal return for each firm calculated as the actual return minus the predicted
return. Where the predicted return is estimated using estimates from the market model. The
estimation period used is 130 days (from day -150 to day -21). We do the same procedure

to get abnormal volumes, using the following formulas:

CAV (t1,t) = B2, AV, (14)
where
__ 1 N
AVt - NﬁizlAVit (15)
and where
AV = vy — (d - vat) (16)

Because the number of shares traded increases as the firm size increases, we first scale volume

to the total number of shares outstanding to get actual volume (Ajinkya and Jain, 1989).

13



For the above calculations, all overlapping events (i.e., if there was any announcement the
day before, the same day or the day after) are excluded in order to avoid confounding events
and for announcements disclosed when the market is closed, we assign the next trading day
as the event day. To check robustness, the cumulative abnormal returns (CAR) for a three-,

five- and thirteen-day event window are estimated (Jeppsson, 2010).

We test hypotheses 2, 3 and 4 by performing pair-wise analysis of the differences in mean.
The first test examines the stock market’s reaction (with respect to price and volume) to
early-stage (Phase I and Phase I/II) and late-stage (Phase III and Phase II/III) R&D an-
nouncements. The second test analyzes the stock market’s reaction (with respect to price
and volume) to positive and negative R&D announcements. The Games-Howell pair-wise

comparison test is run in the statistical software SPSS.

5.3 Cross-sectional regression

In addition to testing the hypotheses we are also interested in explaining the cross-sectional
variations in abnormal return. As suggested by Joos (2003), more recent papers (e.g., Callen
et al., 2010; Guo et al., 2005; Jeppsson, 2010; Xu et al., 2007) have collected a rich set of micro
level data in the hope of it providing more insight into how R&D contributes to the value of a
biotechnology firm. While there is no clear indication of which variables should be included
there are some variables that are recurring. For example, different measures of success
probability, collaboration, drug portfolio diversification and patents are used extensively in
the existing literature. Although, patent data has been found to be value-relevant non-
financial information (e.g., Callen et al., 2010) there are problems with simply counting
the number of patents since patent applications usually are filed in the pre-clinical stage
when the drug is far from FDA approval (Xu et al., 2007). Given that only 5 in 5000
compounds make it to human clinical trials and, at most, 1 of those 5 is approved, patents
reflect R&D output with great uncertainty (Dedman et al., 2008). For comparability with
previous literature we in this study use a regression model with the same three project-

specific variables (complexity, risk sharing and investment) and two out of three firm-specific

14



variables (diversification and region) used by Jeppsson (2010)ff] We run all regressions in the

statistical software Stata.

AR; = ag + ayComplexity; + as Risk_sharing; + azInvestment;

6 (17)
+ayDiversi fication; + Z BjRegion; + e;
j=1

In what follows, we will explain each of the variables in the above regression equation, start-

ing with the dependent variable, Abnormal return (AR).

Abnormal return (AR)

We run three regression models with the following dependent variables: (i) AR on day zero
for all positive R&D announcements (excluding Phase I/II and Phase II/III), (ii) AR on
day zero for positive Phase I announcements, and (iii) AR on day zero for positive Phase 11

announcements.
The following variables are all the independent variables in the above regression model.

Complexity

The historical success rate per therapy area is used as a proxy for the complexity of the re-
search project. The therapy areas and their historical success rates are based on the findings
of the Biotechnology Innovation Organization (2016). The grounds for including complexity
in the regression is that positive news from clinical trials with low success rates are expected
to have a larger stock market reaction. We predict that Complexity will have a negative

sign. The more likely the project is to succeed (i.e., the larger the value of Complexity), the

6Jeppsson (2010) also used the independent variable market-to-book value of equity (MTB) which is
measured as the market value of equity divided by the book value of equity. The reason we do not include
this variable in our regression model is that we do not believe investors in the biotechnology industry consider
MTB value relevant. This assumption is supported by Jeppsson finding very low coefficients for MTB in all
models. For example, the coefficient in model (i) is only 0.002 (t-statistic 0.41).

15



smaller the market reaction to positive news. See Appendix 2 for detailed information on

the historical success rates.

Risk_sharing

We include the dummy variable Risk_sharing which shows if a project is developed in collab-
oration with a partner. Because it is costly to develop a drug many biotechnology companies
seek to collaborate with an experienced partner for R&D and/or marketing purposes. Given
that collaboration agreements typically are very costly, these will only be undertaken when
there is a strong belief in the project (Callen et al. 2010). We predict that Risk_sharing
will have a negative sign. If a project is developed in collaboration with a partner the firm’s
risk is lowered, but so is the profit to the firm that now will be shared with the partner.
Therefore, the market reaction to positive news should be smaller if the project is developed

with a partner.

Investment

This variable is the logarithmic value of the number of patients. The number of patients
enrolled in clinical trials typically increases with each phase. The number, however, differs
a lot between firms and depends on how much the firm invests in the project. Therefore,
this variable signals the firm’s belief in the project. We predict that Investment will have
a positive sign. The more patients that have been studied in a phase the more reliable the
results and thereby the more likely it is that the next phase will have the same positive
outcome. Therefore, the market reaction should be larger when the positive news are from

a larger study.

Diversi fication

Unlike Xu et al. (2007) we do not collect data on the number of drugs and diseases targeted
to measure the companies drug portfolio diversification. Instead we use a less sophisticated
but more easily attainable proxy, namely the logarithmic market value of equity from day
-24 to day -5, relative to the R&D announcement. One could argue that this variable mea-

sures size and not diversification, but as a company with fewer or no approved products will
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have a smaller product portfolio and therefore generally are smaller in size (Dedman et al.
2008) we believe it to be an appropriate proxy. We predict that Diversification will have a
negative sign. The market should react less strongly to a firm making an announcement of

the progress of one project if the firm has a large project portfolio (i.e., is well diversified).

Region

Following Jeppsson (2010), region dummies are included in order to control for the institu-
tional characteristics between countries and biotech clusters in the US. California is used as
the benchmark region relative to New England, New York, Other US regions, Europe, Asia
and Canada. See Appendix 3 for the total number of announcements made by companies in

each of these regions.

Panel A of Table 2 reports the summary statistics of the independent variables (Phase I/11
and Phase II/III excluded). The average success rate in our sample is 0.50. Only 18.3%
of the clinical trials that reported results during the sample period were conducted in col-
laboration with a partner. The average number of patients enrolled was 219. However, as
can be seen, the number of patients varies a lot. The largest clinical trial enrolled 3285
patients and the smallest only 3 patients. The average market capitalization during the days
leading up to the announcement is 6090 million USD. Here too the size differs substantially.
The smallest firm’s market capitalization before the R&D announcement was just above 27
million USD and the largest had a market capitalization of 129 billion USD. Investment and
diversification are both just the logarithmic values of the number of patients and market
capitalization respectively, and hence are not interpreted here. Panel B contains a correla-
tion matrix which shows that the pair-wise correlation between the independent variables

are not high enough to cause any problem with multicollinearity.
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Table 2. Descriptive statistics

Panel 4. Summary statistics

Number of

observations Mean Min Median Max St. dev
Complexity 557 0.501 0.237 0.566 0.848 0.170
Risk sharing 557 0.183 0 0 1 0.387
Number of patients 557 2188 3 91 3285 364.8
Investment 557 4.557 1.099 4511 8.097 1.305
Market capitalization 557 6090 27.20 1170 129000 16400
Diversification 557 21.04 17.12 20.88 25.58 1.594

Note: This table shows desriptive statistics of the independent variables. Complexity, Risk_sharing and Investment are project-specific
variables included in the regression, and Diversification is a firm-specific variable. Complexity is the historical success rate per therapy
area. Risk sharing is a dummy which equals 1 if the project is developed with a partner, and zero otherwise. Number of patients is the
number of patients in the clinical trial and rmvestment is the logarithmic value of the number of patients. Market capitalization is the
average market value of equity (in million USD), from day -24 to day -5 relative to the R&D announcement. Diversification is the
logarithmic value of Market capitalization . For comparability we only include observations for drugs in phase I, II and III (phase I/II

and II/IIT are excluded).

Panel B. Correlation matrix

Complexity Risk sharing Investment Diversification
Complexity 1
Risk sharing 0.0760%* 1
Investment 0.0504 0.1435%%* 1
Diversification -0.1007** 0.3048%** 0.2700%** 1

Note: This table shows the pair-wise correlations and the 1%, 5% and 10% significance levels, denoted by ***, ** and *.
All variables are detailed in Table 2, panel A.
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6 Results

6.1 Stock market reaction to R&D announcements

Table 3 shows the mean abnormal return, mean cumulative abnormal return, mean abnormal
volume, and, the mean cumulative abnormal volume for R&D announcements. From Table
3 we can see that the price reaction results (both on day zero and cumulative) for Phase
I, Phase IT and Phase III give strong support for our first hypothesis (i.e., that the stock
market reacts positively to all positive R&D announcements on day zero, and negatively
to all negative R&D announcements). For combined phases the price reaction to positive
announcements is consistent with Hypothesis 1, however, the results are statistically not
significant] Note that whenever we use the word consistent we refer to the sign, not sig-
nificance. In this case the mean price reaction to positive Phase I/II announcements is 0.82
which, like Hypothesis 1 predicts, is positive, but the result is statistically not significant

and hence it offers no support for the hypothesis.

Moreover, Table 3 shows that on day zero all volume reactions to positive and negative an-
nouncements are significantly positive except for negative Phase I. One possible explanation
for negative Phase I announcements not being statistically significant is the small number of
negative Phase I announcements in our sample. Further, we observe that the mean cumu-
lative abnormal volume over the three-day event window is lower than the mean abnormal

volume on day zero (by 5% or more), for all positive and negative R&D announcements.

The market reaction to clinical trial initiation is ambiguous. For initiations of Phase I and
Phase III we have positive and significant price reactions (0.74%, t-statistic 2.46 and 0.79%,
t-statistic 2.74, respectively), while Phase II, Phase I/II and Phase I1/TII seem to have neg-

ative, although not significant, price reactionsf] Wrong event dates and the fact that phase

"There are no negative combined-phase announcements in our sample.
8Jeppsson (2010) found significant reactions for initiations of Phase I and Phase II clinical trials, but not

for Phase III.
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initiations are not always good news, because firms might start the clinical trial for a more
limited set of indications than initially thought, are two possible explanations for this am-
biguity (Joos, 2003). From Table 3 we can also see that the volume reactions to initiations
are positive and significant for all but Phase I (positive but not significant) and Phase II/I11

(negative and not significant).

Table 3. Mean abnormal return, mean cumulative abnormal return, mean abnor-

mal volume, and, mean cumulative abnormal volume for R&D announcements

Abnormal return (%) Abnormal volume (%)
Stage of Event 7 CAR -
R&D n 0 —1+1 n AVy CAV 144
process (tvalue)  (fvalue) (tvalue)  (tvalue)
Phase [ Initiation 73 0.74%* 0.55 73 0.22 -4.54
(2.46) (0.93) (0.04) (-0.62)
Results (Positive) 127 2. 5344k 3 0wk 127 47 52888 34 4] ARk
(2.95) (3.08) (6.11) (4.68)
Results (Negative) 3 -20.18%** 23 g4** 3 65.19 59.14
(-2.88) (-2.48) (1.37) (0.86)
Phase II Initiation 114 -0.94 -0.28 114 18.47%*%*  13.89*%
(-0.86) (-0.20) (2.92) (1.88)
Results (Positive) 201 2.68%%% ) gTEEE 201 69.70% % 48 45%**
(35.17) (3.4) (10.3) (6.77)
Results (Negative) 24 -15.28%%% _]8. 55%** 24 136.28%** 100.86%**
(-3.73) (-4.51) (5.94) (5.76)
Phase Il Initiation 108 0.79%%* 0.69 108 10.85%* 10.26
(2.74) (1.49) (2.39) (1.64)
Results (Positive) 172 4.83%%k g 40k 172 8832k g4 70K
(4.27) (4.16) (9.19) (8.62)
Results (Negative) 31 -39.04%%% 4] 46%** 31 200.50%** 119.28%**
(-4.64) (-5.02) (7.18) (6.62)
Phase /11 Initiation 40 -0.03 1.17 40 20.75%%%  11.57
(-0.05) (1.22) (2.95) (1.25)
Results (Positive) 44 0.82 0.87 44 38.97%k% 33 11%**
(0.72) (0.54) (3.57) (3.03)
Results (Negative) 0 N/A N/A 0 N/A N/A
N/A N/A N/A N/A
Phase [/IIl  Initiation 10 -1.1 -2.52 10 -4.5 1.1
(-1.28) (-1.41) (-0.63) (0.06)
Results (Positive) 7 5.29% 491 7 160.78%**  45.44
(2.16) (1.31) (3.69) (1.52)
Results (Negative) 0 N/A N/A 0 N/A N/A
N/A N/A N/A N/A

Note: This table reports mean abnormal return and mean abnormal volume for day zero and for the
event window (-1 to +1 day rc;,zlative to the announcement day). Mean cumulative abnormal return is
estimated as:  TAR(ty,t;) = Zr:rlA_Rt' AR = EZEZIARR- ARy, is calculated using estimates from the
market model: 4R, = R;, — (&, + B,R,,). Mean cumulative abnormal volume is estimated

as: W“J'f:):Zi,,Wf LAV, :% :IAVI-I. av,, is calculated using estimates from the market model:

AV = vy, — (& + fvr,:) the values are based on robust standard errors. ***, **, and * indicate statistical
significance at the 1%, 5% and 10% levels, respectively.
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Table 3 reveals two interesting patterns. Price and volume react (1) more strongly to late-
stage announcements than to early-stage announcements, and (2) more strongly to negative
than to positive announcements. For example, the day zero mean abnormal return is 2.53%
(-20.18%) for positive (negative) Phase I results, and 4.83% (-39.04%) for Phase III results.
Similarly, the day zero mean abnormal volume is 47.52% (65.19%) for positive (negative)
Phase I results, and 88.32% (200.50%) for Phase III results. The first pattern can also be
observed for the combined phases, where the mean abnormal return (volume) on day zero
is 0.82% (38.97%) for positive Phase I/II and 5.29% (160.78%) for positive Phase II/III
announcements. These results are consistent with Hypotheses 2, 3 and 4 and are tested

formally in the pair-wise analysis of the differences in mean.

We find strong market reactions to negative R&D announcements, which suggests that neg-
ative announcements are largely unanticipated by investors. The largest price reaction to a
negative Phase III announcement, in our sample, led to an 86% decrease in market value on
day zero for the firm (not tabulated). From Table 3 it can further be seen that the mean
cumulative abnormal return over the three-day event window (days -1 to + 1 relative to
the announcement day) is not substantially larger than the mean abnormal return on day
zero. The difference in market reaction to positive announcements range between 0.5% and
1% across all phases, and between 2% and 4% for negative announcementsf’| If negative
announcements are largely unanticipated by investors, then the small differences that we
can see between mean abnormal return on day zero and mean cumulative abnormal return
over the three-day event window should be caused by trading on the following day, rather
than before the event day. To check this the mean cumulative abnormal return prior to the
event was calculated (day -10 to day -1). The data (not tabulated) shows that the market’s
reaction to negative announcements across all phases are statistically not significant and

hence investors do not seem to anticipate negative results.

9For example, the three-day mean cumulative abnormal return to negative Phase I results is -23.84%

(t-statistic -2.48), while the day zero mean abnormal return is -20.18% (t-statistic -2.88).
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The robustness tests (five- and thirteen-day event windows) in Table 4 show that the price
reactions for Phase I and Phase II are persistent over longer event windows, while for Phase
1T only the price reactions to negative announcements are persistent. Table 4 also shows
that Phase IT and Phase III volume reactions are persistent over longer event windows, while
Phase I volume reactions show no persistence. The combined phases, Phase I/II and Phase

I1/11T show no persistence over longer time periods for neither price nor volume reactions.

Table 4. Mean cumulative abnormal return, and, mean cumulative abnormal

volume for R&D announcements

Abnormal return (%) Abnormal volume (%)

Stage of Event
R&D n CAR 34> CAR 3440 D CAV .o CAV 5.
process (tvalue)  (tvalue) (tvalue) (tvalue)
Phase I Initiation 73 0.43 -1.55 73 -1.72 -5.21
(0.36) (-1.00) (-0.27)  (-0.77)
Results (Positive) 127 4,088 3 340 127 20.50%**  1.51
(3.51) (2.07) (3.02) 0.23)
Results (Negative) 3 S213T7HE 24 4Tk 3 17.85 -27.58
(-2.06) (-2.79) (0.49) (-1.20)
Phase IT Initiation 114 -0.7 -2.68 114 -4.53 -0.33
(-0.46) (-1.61) (-0.62)  (-0.04)
Results (Positive) 201 3.78%*%  321%* 201 29.68%** 29 G8***
(3.79) (2.35) (5.02) (5.02)
Results (Negative) 24 -78.76%** -18.22%** 24 58.81%%* 46.30%%*
(-4.25) (-4.05) (4.99) (3.02)
Phase Il Initiation 108 0.7 -0.58 108 0.23 5.93
(1.31) (-0.31) (0.04) (0.85)
Results (Positive) 172 4.71F* 233 172 44.78%%*  9.69%
(3.21) (1.44) (7.18) (1.87)
Results (Negative) 31 -44 D5%*E 4D FQwAE 31 87.03%** 33 79%*
(-5.04) (-4.83) (5.87) (2.61)
Phase /Il Initiation 40 237k 2.82% 40 -14.66  -35.03%%*
(2.22) (1.69) (-1.21)  (-2.99)
Results (Positive) 44 0.73 231 44 24.65%* 8.74
(0.4) (0.71) (2.55) (0.68)
Results (Negative) 0 N/A N/A 0 N/A N/A
N/A N/A N/A N/A
Phase IV  Initiation 10 -1.32 2.13 10 S31.81%% 3436
(-0.60) (0.99) (-2.25) (-1.49)
Results (Positive) 7 2.81 -1.74 7 25.06 13.53
(0.97) (-0.27) (1.54) (0.53)
Results (Negative) 0 N/A N/A 0 N/A N/A
N/A N/A N/A N/A

Note: This table reports mean abnormal return and mean abnormal volume for two different windows (-
2 to +2 day, and -2 to +10 day relative to the announcement day respectlvely] Mean cumulative
abnormal return is estimated as: TaR(t,t,) = Zt o AR AR,——Z AR,, AR, is calculated using estimates

from the market model ARy,

- 1o
CAV(t,10) = ZH WAy = ?Z av, . AVH
=t Ny

1%, 5% and 10%

— (& +BiRp,)

Mean cumulative abnormal volume is estimated as:

is calculated using estimates from the market model v = v - (& + fivme)
,the tvalues are based on robust standard errors. *** ** and * indicate statistical significance at the

levels, respectively.
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6.2 Pair-wise comparison

Now we turn to look at the difference in share price reaction to early- versus late-stage and
positive versus negative R&D announcements (i.e., Hypotheses 2 and 3). In general, the
results in Panel A of Table 5 support both hypotheses. Panel A of Table 5 shows that the
differences in mean abnormal return is 2.3% between positive early-stage and positive late-
stage R&D announcements, and 18.86% for negative R&D announcements. Although we
only find the market reaction between negative R&D announcements to be statistically sig-
nificant, these results support Hypothesis 2 and are consistent for both positive and negative
R&D announcements. Further, Panel A of Table 5 shows that the differences in the mean
abnormal returns between positive and negative R&D announcements in the early stage are
17.65% and 34.21% in the late stage, both significant at the 1% confidence level. These

results offer support for Hypothesis 3, for both early- and late-stage R&D announcements.

Panel B of Table 5 presents the pair-wise analysis of the differences in the mean abnormal
volume for the early-stage and late-stage R&D announcements and for positive and negative
R&D announcements (i.e., Hypothesis 4). Results show that there is a significant difference
between early- and late-stage mean abnormal volumes both for positive and negative R&D
announcements. Results further show that there is a significant difference between positive
and negative late-stage R&D announcements (112.18%). Thus, the volume tests offer sup-

port for Hypothesis 4.

Table 5. Pair-wise comparison

Panel A. Abnormal return (%) Panel B. Abnormal volume (%)
Positive Negative Positive Negative
R&D news R&D news Difference R&D news R&D news Difference
Early-stage (Phase I) 2,534 20.18%4* 17.65%** | Early-stage (Phase I) 47 5244 65.19 17.52
(2.95) (2.88) (6.11) (1.37)
Late-stage (Phase III) 4.83%k* 39.04% 34.21%* | Late-stage (Phase III) 88,327+ 200.50% % 112.18%**
.27 (4.64) 9.19) (7.18)
Difference 2.30 18.86%* Difference 40.80%** 135.31%*

Note: This table reports pair-wise analysis in differences in mean abnormal return (Panel A) and mean abnormal volume (Panel B) for early-stage and late-stage
R&D announcements, and. for positive and negative R&D announcements. Negative R&D news are reported in absolute valies. Reported t-values are the
results of the Games-Howell pair-wise comparison test with unequal variances. ***, **_and *, denote one tail 1%. 5% and 10% significance, respectively.
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The pair-wise comparison of the mean abnormal returns and volumes for the combined
phases are presented in Table 6. We do not compare for negative announcements because
there are no negative announcements for combined phases in our sample. From Panel A of
Table 6 we see that abnormal returns are higher for late-stage R&D announcements which
is consistent with Hypothesis 2. The result, however, is not statistically significant. In Panel
B of Table 6 we see that abnormal volumes are higher for late-stage R&D announcements
which is consistent with Hypothesis 4. This result is significant on the 1% level, and thus,
the volume test offers support for Hypothesis 4.

Table 6. Pair-wise comparison for the combined phases

Panel A. Abnormal return (%) Panel B. Abnormal volume (%)
Positive Negative Positive Negative
R&D news R&D news Difference R&D news R&D news Difference

Early-stage (Phase I/IT) 0.82 N/A Early-stage (Phase I/IT) 38,97k N/A

0.72) N/A (3.57) N/A
Late-stage (Phase II/III) 5.29% N/A Late-stage (Phase II/III) 160.78%#* N/A

(2.16) N/A (3.69) N/A
Difference 4.47 Difference 121.81%%*

Note: This table reports pair-wise analysis in differences in mean abnormal refurn (Panel A) and mean abnormal volume (Panel B) for early-stage and late-stage
R&D announcements. and, for positive and negative R&D announcements. Negative R&D news are reported in absolute values. Reported t-values are the
results of the Games-Howell pair-wise comparison test with unequal variances. *##_#**_and * denote one tail 1%, 5% and 10% significance, respectively.

6.3 Cross-section regression results

We examine the cross-sectional variation in abnormal return on day zero, using the regres-
sion model shown in Table 7. The dependent variables are (i) AR on day zero for all positive
R&D announcements (excluding Phase I/11 and Phase II/11I), (ii) AR on day zero for posi-
tive Phase I announcements, and (iii) AR on day zero for positive Phase II announcementsF_G]

Most of the regression results are in line with the predictions made in Section 5.3 for each of

10Table 8 in Appendix 4 reports the regression results for negative R&D announcements, which are in line

with the results found for positive announcements.
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the independent variables. Model (i) reports a positive and significant effect of Investment

(t-statistic 2.91) and a negative and significant effect of Diversification (t-statistic -3.55).

When testing the different phases separately we find that no independent variable seems to
have a significant effect on the abnormal return on day zero for Phase I announcements.
However, model (iii) suggests a negative and significant effect of both Diversification and
Risk_sharing and a positive and significant effect of Investment, for Phase II announce-
ments. The implications of these results are (1) the larger the investment (number of pa-
tients) in the clinical trial, the larger the market reaction, (2) the larger and more diversified
the firm is, the smaller the market reaction, and (3) when there is a collaboration agreement

(risk sharing), the market reaction is smaller.

Table 7. Cross-sectional regression results

AR; = ag+ayComplexity; + as Risk_sharing; + aszInvestment; + a4 Diversi fication; + 2?21 BjRegion; +e;

@ (i) (i)
Predicted Al positive R&D Positive phase I Positive phase 1T Positive phase I'TT  Positive phase ITIIT
sign announcements anmouncements announcements announcements announcements

(n=499) (n=126) (n=201) (n=43) (n=T7)

Intercept 0.196%** 0.270 0.123 -0.354 N/A
(3.44) (1.33) (1.75) (-142)

Complexity - 0.013 -0.133 0.010 0.176 N/A
(0.54) (-1.05) (0.15) (0.88)

Risk_sharing - -0.004 -0.017 -0.024* 0.009 N/A
(-037) ¢-1.17) (-0.75) (0.19)

Investment + 0.012%** -0.002 0.011* -0.042%* N/A
(2.91) (-0.16) (0.83) -1.97)

Diversification - -0.012%** -0.008 -0.007%* 0.021* N/A
(-3.5) (-1.12) (-2.06) (1.78)

Regional dummies +/- Yes Yes Yes Yes N/A

Note: This table reports the linear regression outputs. The dependent variable in the different models is (i) AR on day zero for all positive R&D announcements’,

(i) AR on day zero for positive Phase I announcements, (iif) AR on day zero for positive Phase II announcements. Complexity, Risk_sharing and Investment are
project-specific variables included in the regression, and Diversification is a firm-specific variable. Complexity is the historical success rate per therapy area.

Risk sharing is a dummy which equals 1 if the project is developed with a partner, and zero otherwise. Investment is the logarithmic value of the number of patients
and Diversification is the logarithmic market value of equity from day -24 to day -5, relative to the R&D announcement. All regressions have robust standard errors.

'For comparability we only include observations for drugs in phase I, II and ITI (phase I'IT and ILTII are excluded) in model (i).
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7 Discussion

In this section we compare the results found in this study to those found by Jeppsson (2010).
The reason for comparing our results to those of Jeppsson is that we have the same research
questions, but study different markets. While Jeppsson used a sample of European compa-

nies we study mainly US biotechnology firms[M]

In general, our results are in line with Jeppsson’s. First, when studying the mean abnormal
returns, we similarly to Jeppsson found support for Hypothesis 1 (i.e., the market reacts pos-
itively to positive R&D announcements and negatively to negative R&D announcements).
Second, the results of the pair-wise analysis of differences in the mean abnormal returns,
Panel A of Table 5, are similar to what Jeppsson found (i.e., support both Hypotheses 2
and B)H Also, the volume test results in Panel B of Table 5 are consistent with Jepps-
son’s findings. However, unlike Jeppsson, we found statistically significant differences in
mean abnormal volume both between early- and late-stage R&D announcements, and be-
tween positive and negative R&D announcements. These results are in line with the positive
relationship between stock price changes and trading volumes documented in the existing
literature (e.g., Karpoff, 1987). Thus, our study contributes empirical evidence of this price-

volume relationship in the biotechnology industry.

Looking at the cross-sectional regression results we find that the sign of the Complexity coef-
ficient for Phase I is in line with the prediction (made in section 5.3). However, Complexity
is not found to be significant in any of the models, which is inconsistent with what Jeppsson
(2010) found. One possible explanation is that the success rates we use are not only based
on projects that were announced to the market, but also on projects that might not have had
any announcement reporting the outcome. Hence, our sample may not be representative of
the whole population (as we sample announcements and not projects). So, even though the

coefficient for Complexity is statistically not significant we cannot discard it from the model.

See Appendix 3 for details on the regions.
12 As mentioned in the literature review other studies have also found support for both Hypothesis 2 (e.g.,

Dedman et al., 2008; McConomy and Xu, 2004) and Hypothesis 3 (e.g., Xu, 2009).
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In summary, the results in this study are largely in line with the results found by Jeppsson.
Thus, the tested hypotheses are supported by data for biotechnology firms in both the US

and European markets and over time.

8 Conclusion

In this paper we studied the value relevance of non-financial information in the US biotech-
nology industry. We did this by comparing the size of the market reaction to R&D an-
nouncements made in different phases of the drug development process and between positive
and negative R&D announcements. We found that for individual-phase trials 1) stock price
reacts positively to all positive R&D announcements on day zero, and negatively to all nega-
tive R&D announcements 2) the stock market (with respect to both price and volume) reacts
more strongly to late-stage R&D announcements than to early-stage R&D announcements,
and 3) the stock market (with respect to both price and volume) reacts more strongly to

negative than to positive R&D announcements.

Due to the large market reactions to negative news, we expect firm managers to be more re-
luctant to publish negative R&D announcements, which is consistent with existing findings.
For example, Dedman et al. (2008) found that firms fail to release negative news and Fisher
(2002) claims that the tone in R&D announcements in many cases is overly optimisticF_gl
Disclosure behaviour is out of the scope of this study. However, the results suggest a need

for enhanced monitoring of disclosures of non-financial information in the biotech industry/™]

Further, since we find this large reaction to negative announcements it might indicate that
we have an over-representation of positive announcements in our sample. This limitation is

common in studies sampling biotechnology firms’ R&D announcements (e.g., Dedman et al.,

13We also found that some firms had a tendency to disclose negative news together with other more positive

news, maybe in order to limit their price impact.
14Gee Jeppsson and Hamberg (2010) for more information about disclosure behaviour in the biotechnology

industry.
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2008; Ely et al., 2003; Jeppsson, 2010). Another limitation of this study is the small sample
size for combined-phase announcements. As described in this paper, combined phases were
created to accelerate the drug approval process of more complex or riskier types of therapy
areas (e.g., oncology)ﬂ The limited sample size could explain why our results do not pro-
vide any strong evidence of the impact of combined-phase announcements on stock prices.
Further investigation of the market’s reaction to combined-phase (i.e., Phase I/II and Phase
II/III) R&D announcements is necessary in order for any reliable conclusion to be drawn

about their value relevance.

15We find no bias towards oncology in our combined-phase announcement sample.
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Appendix

Appendix 1: Examples of R&D announcements

Example of positive R&D news announcement

ACADIA Announces Presentation of Data from Its Pivotal Phase III Parkinson’s Disease
Psychosis Study with Pimavanserin at the American Academy of Neurology Annual Meeting

SAN DIEGO--(BUSINESS WIRE)--Mar. 20, 2013-- ACADI4A Pharmaceuticals Inc. (NASDAQ:
ACAD), a biopharmaceutical company focused on innovative treatments that address unmet
medical needs in neurological and related central nervous svstem disorders, announced
that Jeffrev Cummings, M.D., Se.D., Director of Cleveland Clinic Lou Ruvo Center for Brain
Health, presented detailed results today from ACADIA’s pivotal Phase III -020 Study with
pimavanserin in patients with Parkinson’s disease psychosis at the Emerging Science session of
the 65thAmerican Academy of Neurology (44N) Anmual Meeting. The analyvsis of the full data set
firom the Phase IIT -020 Study showed robust and consistent efficacy of pimavanserin across a
wide array of study measures and confirmed the positive top-line results previously reported.

Example of negative R&D news announcement

ACADIA Pharmaceuticals Announces Top-line Results from Phase 3 ENHANCE Trial of
Pimavanserin as Adjunctive Treatment for Patients with Schizophrenia

- Pimavanserin did not achieve statistical significance on the primary endpoint, but showed a
consistent trend in improvement of psychotic symptoms (p=0.0940)

- Significant improvements observed on secondary endpoint of PANSS negative symptoms scale
sub-score (unadjusted p=0.0474)

- Conference call andwebcast to be held today at 5:00 p.m. Eastern Time

SAN DIEGO--(BUSINESS WIRE)--Jul. 22, 2019-- ACADIA Pharmaceuticals Inc. (Nasdag:
ACAD), today announced top-line results from its Phase 3 ENHANCE study, which evaluated
pimavanserin as an adjunctive treatment in adult schizephrenia patients with persistent
inadequate response to their current antipsychotic therapy. A total of 396 patients with moderate-
to-severe psychotic symptoms were randomized to receive either pimavanserin or placebo added
to their current antipsychotic treatment. Therve is currently no FDA-approved adjunctive
treatment for schizophrenia patients with inadequate response to existing therapies.
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Appendix 2: Phase-specific success rates by therapy area

Phasel Phasell Phaselllto

TherapyArea i tom  NDA/BLA
Hematology 0.733 0.566 0.75
Infectious Disease  0.695 0.427 0.727
Opthalmology 0.848 0.446 0.583
Other 0.667 0.397 0.696
Metabolic 0.611 0.452 0.714
Gastroenterology 0.756 0.357 0.606
Allergy 0.676 0.325 0.714
Endocrine 0.589 0.401 0.65
Respiratory 0.653 0.291 0.711
Urology 0.571 0.327 0.714
Autoimmune 0.657 0.317 0.622
Neurology 0.591 0.297 0.574
Cardiovascular 0.589 0.241 0.555
Psychiatry 0.539 0.237 0.557
Oncology 0.628 0.246 0.401

Notes: Phase success rates taken from
Biotechnology Innovation Organization (2016)

Appendix 3: Regions

Region clusters N

California 330
New York 105
New England 225
Other 179
Asia 16
Europe 94
Canada 5

Total 954

Note: Asia, Europe and
Canada include companies
from outside the United States
with HQ in US, listed in
Nasdaq and that are part of
the NBI.
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Appendix 4: Cross-sectional regression results

Table 8. Cross-sectional regression results

AR; = ag+ai;Complexity; + as Risk_sharing; + asInvestment; +ay Diversi fication; —|—Z?:1 BjRegion;+e;

)] ) ]
Predicted All negative R&D Negative phase T Negative phase 11
sign announcements announcements announcements
(n=58) (n=3) (n=23)
Intercept -1.179%%* N/A -0.827
(-3.19) (-1.13)
Complexity ; -0.404 N/A -0.168
(127) (-023)
Risk_sharing + -0.038 NA 0.079
(-0.36) 0.53)
Investment - -0.142%* N/A -0.082
(-2.21) (-1.02)
Diversification + 0.090%** N/A 0.049
(3.40) (1.39)
Regional dummies +- Yes N/A Yes

Note: This table reports the linear regression outputs. The dependent variable in the different models is (iv) AR on day zero for all negative R&D announcements’,
(v} AR on day zero for negative Phase I announcements, (vi} AR on day zero for negative Phase II announcements. Complexity, Risk_sharing and Investment are
project-specific variables included in the regression, and Diversification is a firm-specific variable. Complexify is the historical success rate per therapy area.
Risk_sharing is a dummy which equals 1 if the project is developed with a partner, and zero otherwise. Investment is the logarithmic value of the number of patients
and Diversification is the logarithmic market value of equity from day -24 to day -5, relative to the R&D announcement. All regressions have robust standard errors.

There are no negative R&D amouncments for the combined phases (i.c., Phase III and Phase IVIID).
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