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A B S T R A C T

Regulatory requirements for disclosure are often designed to advance transparency and public welfare. Yet, firms
may approach these mandates with caution. In this study, we investigate the role of competitive pressures on
firms' discretion in fulfilling mandatory R&D disclosures. We focus on pharmaceutical firms required to publish
their clinical trial results on ClinicalTrials.gov and examine three key elements of disclosure: the timing of
disclosure, modifications to pre-established research objectives, and the use of positively toned scientific pub-
lications. These disclosure elements are crucial because they can potentially undermine the regulatory goals of
enhancing transparency and public welfare. Our findings indicate that, under intense competition, firms disclose
their R&D results more promptly. However, they make more extensive changes to their stated research objectives
and are more likely to link positively toned scientific publications to their disclosures. We discuss the implica-
tions of our findings for the literature on R&D disclosures and questionable reporting, as well as for regulators
and policymakers enforcing disclosure mandates.

1. Introduction

Firms voluntarily disclose information on their research and devel-
opment (R&D) activities through various channels, including patenting,
scientific publications, and press releases (e.g., Gans et al., 2017; Hicks,
1995; James and Shaver, 2016; Rotolo et al., 2022). Alongside voluntary
disclosures, firms must comply with mandatory disclosures of their R&D
activities. In the US, for instance, the Food and Drug Administration
(FDA) Amendments Act of 2007 mandates the registration of clinical
trials and the subsequent publication of the trials' outcomes.

These regulatory mandates are intended to rectify the problem of
insufficient disclosures and to bolster transparency (Goldacre, 2013;
Mahoney, 1995). However, firms may be cautious about disclosing their
R&D activities publicly due to intellectual property concerns and
competitive threats (Cohen et al., 2000; Guo et al., 2004; Horstmann
et al., 1985). Competitive pressures are likely to shape this reluctance, as
competition concerns are integral to a firm's R&D management and in-
formation strategy, driving the firm's patenting and scientific disclosure
activities (Grossman and Shapiro, 1987; Hughes and Pae, 2015; Polidoro
and Theeke, 2012; Song and Zhao, 2021). For example, as Castellani
(2013, p. 1) highlights, “Mandatory public disclosure [...] could stifle

discovery and open the possibility of competitors or unscrupulous actors
using the information for their own products.”

This study investigates how competitive pressures might shape firms'
R&D disclosures within a regulatory framework. Although the role of
competition on firms' voluntary R&D disclosures is well documented, its
influence on mandatory disclosures, as required by regulators, remains
largely unexplored. This oversight may stem from the belief that regu-
latory authorities tightly control these disclosures, diminishing the
perceived importance of contextual factors such as competition. We test
this assumption and investigate the role of competition in firms'
mandatory R&D disclosures. We focus on “how” firms disclose rather
than “if” they disclose (they must, after all, at some point in the future
given the regulatory obligations). Our empirical setting enables us to
consider three disclosure elements: (1) the timing of the disclosure; (2)
the modifications made to the disclosed information—specifically,
whether (and to what extent) firms alter pre-defined research objectives
after a study is completed; and (3) the scientific publication tenor-
—whether firms leverage scientific papers with a positive tone to sup-
port their disclosures. Exploring these elements is crucial, as they may
undermine the intended objectives of the transparency mandates,
obstructing transparency goals and hindering public welfare (Altman
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et al., 2017; DeVito et al., 2020; Jia et al., 2021; Qunaj et al., 2018;
Ramagopalan et al., 2014).

We situate our investigation within the context of the pharmaceu-
tical industry, focusing specifically on the Food and Drug Administration
Amendments Act of 2007 (FDAAA 801), which requires trial in-
vestigators to disclose their study results on ClinicalTrials.gov—a pub-
licly accessible portal. This setting is ideal for exploring mandatory R&D
disclosures and the role of competition for several important reasons:
First, the pharmaceutical industry context is conducive, given the pro-
nounced regulatory constraints imposed on firms and the competitive
dynamics associated with risky and high-investment R&D projects (e.g.,
Polidoro and Theeke, 2012). Additionally, the ClinicalTrials.gov portal
provides a detailed amendment history, enabling us to observe and
examine various disclosure elements and any discretionary information
provided over time. Finally, the information disclosed is publicly
available and holds significant value for the firms and external stake-
holders, such as patients and competitors (Goldacre, 2014; Krieger,
2021; Magazzini et al., 2009). This may incentivize firms to manage
their disclosures carefully and with discretion.

We integrate data from the ClinicalTrials.gov registry; the FDA Or-
ange Book, a US dataset of approved drugs; PubMed, a database of sci-
entific publications; and Compustat, a database detailing the
fundamentals of public firms. Our unit of observation is a trial, and our
analysis is limited to trials satisfying the regulatory criteria for manda-
tory disclosures and for which results were ultimately posted on the
registry by the observation date. We employ a two-step Heckman esti-
mator, predicting the likelihood of result posting in the first stage and
examining timing, modifications, and tenor in the second stage to ac-
count for any selection bias associated with results posting. Our findings
reveal significant heterogeneity in how firms report the mandated re-
sults and demonstrate that competitive pressures influence these dis-
closures. We observed that under high competitive pressures, firms are
more likely to report their results promptly. However, they exercise
greater discretion in their disclosures, modifying predefined R&D ob-
jectives for completed studies and enhancing their regulatory disclo-
sures with scientific publications that employ more positive language.
Our findings are robust to various operationalizations of key constructs
and subsample analyses, as reported in the robustness tests section.

We delineate two contributions made by this study. First, we enrich
the literature on R&D disclosures. Voluntary R&D disclosures are well-
charted, as evidenced by a substantial body of scholarship delineating
the motivations behind discretionary R&D disclosures (James, 2014;
James and Shaver, 2016) and the dynamics induced by competition
(Grossman and Shapiro, 1987; Hughes and Pae, 2015; Polidoro and
Theeke, 2012; Song and Zhao, 2021). Yet, the variances in mandatory
R&D disclosures and the role of competition in influencing firm
discretion remain largely unexplored. We delve into three prominent
aspects of disclosure: timing, content modifications, and tenor. Our
empirical analysis suggests that competitive pressures exert a nuanced
influence on these elements. While competition prompts firms to
disclose information more promptly, it is also associated with firms'
engagement in questionable practices, such as altering the text of pre-
defined research objectives after study completion and supporting their
mandatory disclosures with scientific papers that adopt a more positive
tenor.

Second, we contribute to prior work on reporting bias or acts of
omission (DeVito and Goldacre, 2019; Dwan et al., 2013; Salandra,
2018) and studies examining the nexus between commercial interests
and the misrepresentation of scientific evidence (Biagioli et al., 2019;
Sismondo, 2008). Using lexical measures, we gauge the extent of mod-
ifications made to the text describing the objectives of a clinical trial
after the trial is completed. Setting our work apart from previous studies,
such as those by Anderson et al. (2015) and Ramagopalan et al. (2014)
who examined such practices, we find a significant association between
this questionable practice and competition. This investigation is also one
of the first to study the subtle variations in the tenor of scientific texts

associated with firm disclosures and their link with competition.
Besides these contributions, this investigation also informs policy

discussions regarding R&D disclosure mandates, specifically the FDAAA
801. While existing literature has highlighted low levels of compliance
with the FDA's mandates and their repercussions for stakeholders,
particularly patients, we provide nuanced insights into firms' disclosure
behavior. Our findings shed light on how even compliant firms may
subtly adjust key disclosure elements, potentially circumventing the
initiative's primary objectives of increased transparency and public
welfare. Thus, this study contributes to the ongoing discourse on delays
and biases in the public reporting of R&D activities, with significant
implications for transparency mandates and research waste (Chalmers
and Glasziou, 2009; Moher et al., 2016).

2. Mandatory R&D disclosures: The case of ClinicalTrials.gov

R&D activities yield a vast array of information, which firms might
voluntarily share for a range of objectives, such as attracting potential
partners, maintaining ties with the scientific community, and deterring
competitors (e.g., Cockburn and Henderson, 1998; Harhoff et al., 2003;
Polidoro and Theeke, 2012). This might include disclosure via scientific
publications, patents, press releases, social media announcements, and
financial reports (e.g., Gans et al., 2017; Hegde et al., 2023; Hicks, 1995;
Lim, 2004; Merkley, 2013; Dasgupta and David, 1994; Rotolo et al.,
2022; Scotchmer and Green, 1990; Stern and James, 2016; Thompson
and O'Regan, 2018). Beyond these voluntary disclosures, firms are often
obligated to comply with mandatory R&D disclosures required by reg-
ulators to boost transparency and safeguard consumers. Disclosure
mandates vary by country and by sector due to differing regulatory
environments. For example, in China, companies must release the
amount of money spent on R&D and the results of R&D projects (Huang
et al., 2023). In the US, pharmaceutical firms must disclose the results of
applicable clinical trials on the public database ClinicalTrials.gov, which
is the context of our study.1

2.1. ClinicalTrials.gov disclosures: What, why, and how?

After completing pre-clinical tests in vitro with animals, pharma-
ceutical firms run costly clinical trials with human volunteers to test the
benefits and risks of their drugs (Martin et al., 2017). Experimental
outcomes generated by these trials are submitted to regulatory agencies,
such as the FDA, to ensure that informed decisions can be made about
the approval of new treatments. While regulators scrutinize the sub-
mitted information, this does not guarantee that all trial results will
enter the public's view. Firms may file a patent application revealing
commercially confidential information or disclose trial results via
scholarly medical journals and academic conferences (e.g., Azoulay,
2002; Lehman, 2003). They may also disseminate clinical trial results
through presentations at medical conferences, press releases, social
media posts, company websites, preprints, and company registries
(Zannad et al., 2023).2

Disclosure of trial results via these voluntary channels remains
staggered and incomplete (e.g., Song et al., 2010). Press releases, for
instance, focus on reporting only a few favorable outcomes, often lack
the rigor of formal scientific reports, and convey the interpretations
favored by the reporting firms (Qunaj et al., 2018). Meanwhile, an
estimated half of the clinical trials conducted are never published (Chan

1 Sponsors are required to report the results of their Applicable Clinical Trials
(ACT). ACT is the term used in the FDAAA to designate the scope of trials
subjected to the registration and reporting requirements. See the flowchart for
guidance on identifying ACTs at https://grants.nih.gov/ClinicalTrials_fdaaa/
docs/Flow_chart-ACT_only.pdf.
2 We report a comparison table in Appendix A to underscore the distinctions

between patents, publications, and trial registries as means of disclosing R&D.
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et al., 2004). Additional concerns arise due to selective reporting (e.g.,
Salandra, 2018) and publication delays (e.g., Manzoli et al., 2014).
These issues, along with high-profile instances of drug safety data sup-
pression (e.g., for the antidepressant drug Paxil; Meier, 2004), have
driven policymakers and patient groups to advocate for mandatory trial
disclosures. In the US, this led to the institution of ClinicalTrials.gov,
which has become the single largest repository of clinical trials, with
more than 507 thousand registered studies as of September 2024 and
more than 4.5 million visitors monthly.3 While the primary beneficiaries
of ClinicalTrials.gov are patients, healthcare professionals, and clinical
researchers, the public site is also used by media professionals, market
researchers, and pharmaceutical companies (Zarin et al., 2019).4 The
website was made available in 2000, but reporting of clinical trials and
results remained limited and largely voluntary until the FDAAA 801 was
enacted in 2007. This legislation requires responsible parties or sponsors
to (1) register their applicable trial within 21 days after enrollment of
the first participant and (2) submit summary study results within one
year of trial completion.5

3. Firm's discretion in mandatory R&D disclosure and the role of
competition

The seemingly rigid structure of the disclosure mandates on Clin-
icalTrials.gov is not as constricting as it first appears. For example, while
the legislation requires firms to submit trial results within one year after
completion, many trial results are uploaded late (e.g., Anderson et al.,
2015). Furthermore, investigators can edit their ClinicalTrials.gov re-
cords at any time. Critically, these updates can be made to the trial's
primary outcomes, which are key metrics used to assess whether a study
is a success or failure (Andrade, 2015). Finally, while the reporting
format is prescribed, allowing only ‘hard’ data to be reported in a
standardized tabular layout (Liberti and Petersen, 2019), firms can
attach scientific publications to substantiate their reported results.
However, the portal maintains an edit trail that allows anyone to track
how and when firms report their R&D disclosures over time and any
additional information they provide.

At the same time, the registry is publicly accessible and closely
observed by industry representatives. Information disclosed on Clin-
icalTrials.gov is valuable for firms and external stakeholders (Goldacre,
2014; Krieger, 2021; Magazzini et al., 2009). Thus, such R&D disclo-
sures remain susceptible to competitive dynamics and strategic consid-
erations. For example, concerns that negative results could have
disadvantaged the anti-inflammatory drug Vioxx (Merck) relative to its
key competitor Celebrex (Pfizer) might have prevented the firm from
disclosing the drug's adverse events (Meier, 2004).

Despite this anecdotal evidence, our understanding of how compe-
tition might shape R&D disclosures is primarily from voluntary disclo-
sures, and empirical evidence of the relationship between competition
and disclosures has been mixed at best. Intense competition breeds
concerns about knowledge leakage (Cohen et al., 2000; Kultti et al.,
2007; Liebeskind, 1997; Liebeskind, 1996), and releasing R&D infor-
mation could provide competitors with valuable insights for their pro-
jects (Krieger, 2021). Yet, firms might profit from information spillovers
(e.g., Harhoff et al., 2003), and, under certain conditions, competition

might induce a firm to disclose to encourage investments by its rivals
and facilitate potential collaborations (Jansen, 2010). The evidence
suggests that there is no one-size-fits-all solution, and specific contexts
or situations may play a larger role. This supports the need for further
investigation in a mandatory context. Below, we review the literature
relevant to understanding how competition may shape how firms
disclose, specifically by modulating the timing, modifications, and tenor
of their disclosures.

3.1. Competition and disclosure timing

The role of competition in shaping the timing of firms' disclosures
remains an area of scholarly interest characterized by contrasting pre-
dictions. On the one hand, competition may act as a catalyst for timely
disclosures, such as establishing a position of primacy in a field
(Dasgupta and David, 1994). In highly competitive landscapes, early
disclosure can deter rivals (Glaeser and Landsman, 2021), unlock
lucrative licensing prospects for inventions (Hegde and Luo, 2018), or
act as a strategic signal influencing the choices of competitors (Markou
et al., 2023; Clarkson and Toh, 2010). Prompt revelations may also
convey a sense of superiority or openness to collaboration (Grindley and
Teece, 1997), shape the institutional environment in favor of their
technology (Spencer, 2003), or strengthen negotiation positions
(Bekkers et al., 2002). Early R&D disclosures can also shape competitors'
pricing strategies (Hughes and Pae, 2015) and reduce investor uncer-
tainty (Baruffaldi et al., 2023; Dedman et al., 2008).

On the other hand, competition might prompt firms to delay dis-
closures. R&D disclosure can jeopardize a firm's competitive edge by
unveiling future strategies and innovative breakthroughs to competitors
who might replicate or challenge these advances (Bhattacharya and
Ritter, 1983; Winter, 2006; Zhou, 2022; Cao et al., 2018; Kale and Little,
2007; Verrecchia and Weber, 2006). Thus, under intense competitive
pressure, delaying disclosure can serve as a strategic maneuver, allowing
a firm to observe, learn from, and respond to competitor actions. Firms
may adjust their R&D objectives in reaction to the progress or failures of
rivals, and these adjustments enable firms to refine their strategies by
integrating internal insights with external observations (Krieger, 2021).
Finally, delays can also shape competitors' expectations regarding the
profitability of innovations (Song and Zhao, 2021).

In the context of clinical research, significant heterogeneity exists in
the timing of disclosures. DeVito et al. (2020) highlighted that only 64 %
of firms reported their trial results on ClinicalTrials.gov within the
stipulated time. Additionally, negative results tend to be reported later
than positive ones (Hopewell et al., 2009; Song et al., 2017), suggesting
that these delays may be intentional. Competitive pressures also seem to
play a role in these delays, with experts voicing concerns that “re-
searchers might also face pressure from corporate sponsors to delay
reports, whether negative or positive, for commercial reasons” (Piller,
2015).6

In summary, while competitive pressures and concerns might seep
into affecting a firm's timing of their regulatory disclosures, it is unclear
whether competition leads firms to disclose their R&D results faster or
slower. The existing literature does not yet provide a clear prediction on
this.

3.2. Competition and disclosure modifications

A cardinal principle in scientific inquiry is the definition and
3 Beyond the US, the Declaration of Helsinki sets out an ethical obligation to

report the results of every trial. Other trial registries exist beyond ClinicalTrials.
gov, such as the EU Clinical Trial Register.
4 Trial information is aimed at “helping patients find trials for which they

might be eligible, …, improving the evidence base that informs clinical care, …
and building public trust in clinical research” (Federal Register, 2016, p.
64982).
5 Refer to the link for detailed understanding of policy and regulation on

ClinicalTrials.gov registration and reporting. https://grants.nih.gov/policy/clin
ical-trials/reporting/understanding.htm.

6 While submitting the results on the registry might be time and resource-
consuming, industry funders are well-staffed and have centralized processes
to support submission (e.g., Zarin et al., 2019). Indeed, Pfizer reported that
preparing results summaries requires 4 to 60 h (see Anderson et al., 2015). As
such, delays shouldn't be expected solely due to administrative hurdles, which
point toward strategic action.
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communication of research objectives before projects commence.
Omitting this step may create opportunities for ‘outcome switching,’ a
deliberate practice in which new research objectives, often termed
‘outcomes’ in clinical research, are introduced after the study begins
while other pre-specified objectives are removed (Altman et al., 2017;
Chan et al., 2004). Further, ‘outcome switching’ might involve not only
the outcome itself but also a range of other elements such as the time
point (e.g., 8 weeks vs. 12 weeks), outcome measurement, and even who
performs the measurement (e.g., Altman et al., 2017; Butcher et al.,
2022). This practice is questionable as it might shape the reported
findings of the trial. Kahan and Jairath (2018), for example, show that in
a blood cell transfusion trial, it was possible to obtain both significant
and non-significant results by simply altering the outcome definition,
the time point at which it was measured, and the method of assessment.
Additionally, firms may initially define primary objectives broadly to
allow flexibility, adding specific details only when results are available.

The link between competition and the likelihood of modifying
research objectives remains unclear. Intense competition may drive
firms to highlight positive R&D outcomes to position their products
more competitively. For instance, under high competitive pressures, less
appealing drug attributes may be downplayed (Kappe and Stremersch,
2016), potentially motivating firms to alter pre-specified research ob-
jectives to yield more favorable results. Examining intellectual property
licenses whose contents can be redacted, Kankanhalli et al. (2021) show
that firms with valuable intellectual property edit more frequently to
preserve their competitive advantage. Similarly, in the accounting
disclosure literature, Verrecchia and Weber (2006) find that firms are
less likely to redact financial information when facing less competition.
Firms may also adjust their disclosures to mislead competitors (James
and Shaver, 2016).

Yet, heightened competition might also usher in greater scrutiny,
creating disincentives to engage in practices that skirt the rules of good
scientific conduct (e.g., Lacetera and Zirulia, 2011). Rudy and Black
(2018) find that pharmaceutical firms with high R&D investments are
more likely to challenge their competitors' claims in order to protect
their proprietary advantage. By engaging in questionable research
practices, such as modifying primary outcomes post-completion, firms
bear substantial reputational risk, which in turn influences the extent of
such manipulations (Karpoff et al., 2008; Mayzlin et al., 2014). In
summary, while competitive considerations can lead to or deter firms
from modifying predefined research objectives in their mandatory R&D
disclosures, it is uncertain whether heightened competition would be
associated with firms making more or fewer adjustments. This ambi-
guity stems from the conflicting pressures of showcasing positive find-
ings versus the risk of increased oversight if the changes to objectives are
deemed unjustifiable.

3.3. Competition and disclosure tenor

Firms may supplement their ‘factual’ mandatory R&D disclosures
with less structured information, such as that found in scientific publi-
cations. Prior research underscores the influence of competition on
linguistic choices in corporate communications, particularly regarding
ambiguity (e.g., their vagueness, Guo et al., 2017). In comparison, ac-
ademic publications are traditionally viewed as scientific reports,
ostensibly free from linguistic manipulation. However, there is growing
evidence of linguistic patterns in scientific publications (Pennebaker,
2011; Tausczik and Pennebaker, 2010). For instance, Markowitz and
Hancock (2016) found that scientific publications retracted for fraudu-
lent data used more linguistic obfuscation. In addition, variations in the
use of causal terminology have been identified (e.g., Cofield et al.,
2010), along with the use of ‘spin’ to highlight significant results or
downplay non-significant ones (Lazarus et al., 2015).

Journal publications may help firms promote their products, thanks
to the credentialing effect of peer review (Azoulay, 2002). In clinical
research, a positively worded publication will likely help trial sponsors

attract attention and interest from physicians, investors, partners, and
regulators. Physicians, often lacking formal training in critically evalu-
ating clinical trial results, are heavily influenced by interpretations (and
language) of a published study, which can influence drug evaluation,
prescriptions, and treatment adoption (Gigerenzer et al., 2007; Rubins,
1994). A competitive environment has been shown to propel firms to
release scientific publications to strategically position their innovations
within the market (Polidoro and Theeke, 2012). The same pressures
might induce firms to use publications to cast their results in a favorable
light.

On ClinicalTrials.gov, although the regulatory template limits firms
from using any rhetoric, investigators have the discretion to include
scholarly citations to bolster their disclosures. The complexity inherent
in clinical trials limits the ability of doctors, patients, and the public to
understand trial information (Gigerenzer et al., 2007), thereby creating
opportunities for firms to influence the interpretation by attaching
positive worded reference texts. Indeed, the practice of using words with
positive valence to enhance persuasiveness has been noted in clinical
research (e.g., Barton and Eggly, 2009).

In summary, competition is expected to influence firms' actions to
enhance their mandatory R&D disclosures with scientifically oriented
publications that are positively framed. However, to the extent of
existing scholarly inquiry, this relationship remains empirically unex-
amined. We have summarized the main arguments on the role of
competition in shaping the timing, modifications, and tenor of disclo-
sures in Table 1.

4. Methods

4.1. Sample and data sources

We downloaded all trials registered on ClinicalTrials.gov as of
December 30, 2019 (325,860 trials). Following the legislation's logic, to
identify applicable studies under the purview of FDAAA, we included
interventional clinical trials of drugs, biologicals, or devices completed
after January 2008, removing phase I and small feasibility studies
(Anderson et al., 2015; Tse et al., 2009). As we are interested in the
disclosure of trial results, we focused only on completed trials, leaving
out those studies that could not have their results posted because they
were ongoing or interrupted. These procedures left us with 17,821 trials.
Since our research focuses on firms' disclosures, we identified studies
initiated by firms (10,039 trials). To do so, we leveraged the registry
classification of a trial sponsor—the organization that oversees or pays
for the trial—as ‘Industry,’ ‘Non-industry’, and ‘US Government.’

We then matched the firms in our sample to the Orange Book, a list of
all FDA-approved drugs and devices, to build the portfolio of products
marketed in the US by each firm. To map the disease conditions of the
trials into therapeutic areas, we used the National Library of Medicine's
Unified Medical Language System database maintained by the National
Institutes of Health (NIH). An additional source of information was
PubMed, a life science and biomedical publication database, which we
used to retrieve the scholarly articles that trial sponsors can voluntarily
include in ClinicalTrials.gov. Finally, we matched our data with the
Compustat database to conduct a subsample analysis of public firms, as
reported in Section 5.3.

Fig. 1 illustrates our sample construction. Notably, only 59.4 % of
trials reported the results by the data observation date. This figure might
seem low given the regulatory requirements that firms must disclose, yet
it is in line with previous observational studies (e.g., DeVito et al., 2020).
Our main analysis focuses on the trials for which results were ultimately
posted, and employs a two-step Heckman estimator, as detailed below.

4.2. Dependent variables

We constructed our dependent variables using different types of in-
formation from ClinicalTrials.gov (refer to Fig. A1 in Appendix A for
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Table 1
Firms' Disclosures and Competition – Summary of Main Arguments.

Main arguments References Context / Approach Findings

Competition and
disclosure timing

Disclosure might reveal the focal firm's advances. The
threat of competitors replicating or challenging these
advances, learning from the firm's disclosures, might
lead the firm to disclose late under intense
competition.

Bhattacharya and Ritter, 1983 Firms engaged in R&D / Theoretical Revealing to the competition reduces the value of the
private information held.

Cao et al., 2018 Voluntary product disclosures / Regression There is a negative relation between technological peer
pressure and product disclosure because disclosures reveal
firms' strategies, allocations, and progress of technological
investments in product development to competitors.

Krieger, 2021 Biopharmaceutical industry / Difference-in-
differences

Competitors' exit news alters a firm's project
discontinuation decisions.

However,
Competition can increase disclosure timeliness. Glaeser and Landsman, 2021 Patent applicants / Regression Product market competition increases patent disclosure

timeliness, consistent with firms using disclosures to deter
product market competition.

Disclosures can deter competitors. Firms might prefer
early disclosures when facing competition.

Clarkson and Toh, 2010 Patent reexamination certificates / Regression Rivals' reexamination certificates within a technological
space induce a firm to allocate less inventive effort in that
space, based on two mechanisms (1) indications of rivals'
developmental speed and (2) exclusionary ability.

Early disclosures might reduce knowledge spillovers
to competitors.

Hughes and Pae, 2015 Disclosure of R&D innovation / Theoretical Model In contrast to the view of an inverse relation between
competition and disclosure, they identify conditions on
knowledge spillovers, under which more disclosure
transpires as competition intensifies.

Early disclosures might reduce investor's uncertainty. Baruffaldi et al., 2023 Financial markets / Difference-in-differences
regressions

Scientific publications by firms are positively associated
with reducing investor information asymmetry.

Competition and
disclosure modifications

Information redaction is less likely when competition
is low.

Verrecchia and Weber, 2006 Financial reporting / Regression Firms are less likely to redact information when they face
less competition (more intense competition raises costs of
disclosure).

Firms emphasize positive outcomes to position their
products favorably in a competitive setting.

Kappe and Stremersch, 2016 Pharmaceutical sales calls/ Hierarchical Bayesian
model

Following branded entry, it is less effective for incumbent
brands to detail drug indications and costs, given increased
competitive clutter.

Firms leverage their disclosures to manage negative
outcomes.

James and Shaver, 2016 Public firms in communications equipment and
pharmaceutical preparations / Regression

Increased disclosure is associated with adverse outcomes,
suggesting that firms manage negative outcomes by
proactively disclosing good news.

Firms edit their intellectual property to preserve their
competitive advantage.

Kankanhalli et al., 2021 Intellectual property licenses mandatorily disclosed
by US public firms, whose contents can be
temporarily redacted / Regression

Firms with valuable IP in competitive markets redact more
often.

However,
Disclosures might be challenged by competitors. Rudy and Black, 2018 Patent litigation in pharmaceuticals and semi-

conductor industries/ Regression
Firms in the pharmaceutical industry are more likely to
follow a proactive proprietary patent litigation strategy,
while firms in the semiconductor industry are more likely
to engage in a proactive defensive patent litigation
strategy.

Competition and
disclosure tenor

Scientific publications can help firms position their
innovations. A positive tenor in such publications
might further support market diffusion.

Azoulay, 2002 Antiulcer-drug market / Econometric analysis Scientific evidence can influence market diffusion.

Statistical illiteracy is widespread. This might enable
the manipulation of the opinions of both doctors and
patients, such as via positive valence.

Gigerenzer et al., 2007 Medical research / Monograph Statistical illiteracy is common among patients,
journalists, and physicians. This is created by
nontransparent framing of information that can be
unintentional but also a result of intentional efforts to
manipulate or persuade.

Positive valence can be used to persuade in the context
of clinical research.

Barton and Eggly, 2009 Participation in clinical trials / Discourse analysis
(valence in the presentation of elements of
informed consent)

Physicians regularly present elements of informed consent
with a positive valence.
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more details on the information used from a typical trial record in the
registry). Our first dependent variable is Disclosure Time, which mea-
sures the days between the completion of the focal trial and the
reporting of its results.

Our second dependent variable, Disclosure Modifications, measures
the extent of modifications made to the text of the primary outcomes
from its original listing in the registry record. Critically, these changes
were made post hoc, i.e., after the study was completed and its results
were posted. We focused on changes made to the text describing the
primary outcomes because these determine whether a trial was a suc-
cess, as opposed to secondary outcomes that are of lesser importance.
ClinicalTrials.gov allows access to the history of changes made to the
trial records, showing the original and amended text. To quantify the
divergence between original and modified text, we used a word edit
distance score. This score is calculated by summing the words added and
deleted in the modified primary outcomes and dividing by the number of
common words between the original and modified primary outcomes.
For example, if the original and amended text share 10 words, with 20
additions and 5 deletions, the word edit distance would be 25/10 = 2.5.
This implies that for every word that remained unchanged, 2.5 words
were altered. A low distance score, approaching zero, indicates a high
similarity between the two primary outcome texts (i.e., the list of out-
comes submitted when the trial was registered versus the one observed
after the results were posted). Conversely, a high distance score in-
dicates substantial additions and deletions to the primary outcomes. We
also separately analyze the additions and deletions, which are discussed
in the results section. Additionally, we acknowledge the limitations of
this measure and supplement the analysis with other text-based ap-
proaches (Patil et al., 2023), including cosine distance, SpaCy's semantic
distance, and Bio_ClinicalBERT semantic distance, reported in robust-
ness tests.

Our final dependent variable is the Disclosure Tenor. For those trials
where the results contained links to scientific publications (recall that
this can be done optionally by the trial sponsors), we scraped the text of
the linked papers. We conducted a text analysis using the LIWC 2015

software (Pennebaker et al., 2015),7 a validated and widely recognized
tool for tone assessments (Markowitz and Hancock, 2016). The software
counts the total positive and negative affective words for each publi-
cation. Following previous literature (Quigley et al., 2020; Zavyalova
et al., 2016), we measured the tenor of the publications as follows:

Disclosure Tenor =
positive words

(positive words+ negative words).

The higher this measurement, the more positive the tenor of the
publications linked to a trial. Since some trials had more than one
publication linked to them, we averaged the tenor measure across all
studies linked to the trial to calculate the overall disclosure tenor. To
enhance confidence in our findings and triangulate our measurement of
tenor, we also used another sentiment analysis tool, VADER (Valence
Aware Dictionary and sEntiment Reasoner). VADER is known for its
sensitivity to tonal intensity and its ability to contextualize phrases, such
as recognizing that “It's not bad” is positive. Both these tools account for
neutral text by identifying words that are not classified as positive or
negative. Consequently, we observe high neutrality in scientific publi-
cations, which we discuss in the results section. We report VADER re-
sults in the robustness tests section.

Appendix B provides additional information on our main dependent
variables and alternative measures. Table B1 presents a summary and
comparison of various considered measures of disclosure modifications
and tenor. Table B2 provides examples of primary outcome textual
changes from our sample, along with the calculated word edit distance
and alternative text measures. Table B4 shows examples of scientific
publications from our sample with low and high publication tenor.

4.3. Independent variable: Competition

Competition is an inherently complex construct, influenced by a
confluence of market dynamics (Chen and Miller, 2012), organizational
alignments around resources (Burt, 1992), and collective market per-
ceptions (Cattani et al., 2017). Appendix C Table C1 illustrates various

Fig. 1. Sampling Selection.

7 We used only abstract text when the full-text PDFs were not extractable,
which was the case for 14 % of the articles.
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metrics that delineate competition across different analytical levels
within the pharmaceutical domain. These include, for example, the
market level (e.g., number of firms), the product level (e.g., number of
competing products), and the project level (e.g., number of similar
projects). Our main analysis aligns with the project-level perspective,
where competition is gauged by the volume of project/report sub-
missions within similar project clusters over a specified duration, a
framework resonating with Hill and Stein (2021) and Capkun et al.
(2023). Specifically, we expect pharmaceutical firms to consider the
same medical condition as a critical competitive factor and notice par-
allel projects by competitors in the public trial database.8

Thus, we operationalized Competition for the focal clinical trial CTi as
the number of studies on ClinicalTrials.gov that (1) have at least one
common target medical condition with CTi and (2) are also overlapping
in time with CTi, i.e., they were started before the completion of CTi and
completed after the start of CTi -to ensure that there is a timeline
overlap. The National Library of Medicine (NLM) compiles a list of
standard Medical Subject Heading (MeSH) terms describing the target
medical condition of each clinical trial. For example, if CTi had four
target conditions matched with two other trials, such that overlapping
Trial 1 had two matched conditions and overlapping Trial 2 had four
matched conditions, the competition for CTi was calculated as 2/4 + 4/
4 = 1.5. The higher this variable, the higher the threat the focal trial
faces from other trials.

4.4. Control variables

We include several control variables. At the trial level, the number of
sponsors and the resources they bring may be linked to both competition
and reporting. For example, trials with many sponsors might be more
likely in competitive therapeutic areas and be better reported. Thus, we
controlled for the Number of Sponsors and the Number of Facilities used in
a trial. We also controlled for trial size through the Number of Subjects
Enrolled—this variable was log-transformed to account for its skew.
Since trials at different stages face varying levels of competition and are
conducted for different reasons (Khmelnitskaya, 2021), which might

affect their disclosures (e.g., Phase 4 studies are typically post-approval
marketing trials), we also controlled for the study stage by Trial Phase
through a categorical variable (Phase 2, 3, or 4). As the time of disclo-
sure and outcome modifications have been linked to whether trial out-
comes are positive or negative (Hopewell et al., 2009; Jia et al., 2021;
Ramagopalan et al., 2015; Song et al., 2017), we controlled for serious
Adverse Events Ratio occurring during a trial, calculated as the percent-
age of adverse events out of total events. In addition, trial sponsors can
request an extension in posting their results to the FDA if there is a good
reason.9 As this may affect the disclosure time, we controlled for the
Requested Extension through a binary variable.

At the sponsor level, we controlled for a firm's capabilities through
Previous Firm Trials (the number of total previous trials undertaken by a
sponsor) and Previous Approvals (the number of New Drug Applications
the firm possessed before the focal trial started). We also used firm fixed
effects in all the models to account for time-invariant, unobservable
characteristics of the trial sponsors.

Since different therapeutic areas may have different trial success
rates, face high competition, and have more or less stringent reporting
norms, we also controlled for the Therapeutic Areas of the trial. We fol-
lowed the methodology of previous studies to map trials with thera-
peutic areas (Si et al., 2019). Finally, we included Year dummy variables
to control for time-fixed effects, such as varying competition, increased
awareness of the registry, and an improved climate toward research
transparency. Notably, recent years have witnessed pioneering initia-
tives such as the AllTrials campaign and the International Committee of
Medical Journal Editors (ICMJE) initiative (De Angelis et al., 2004).

4.5. Estimation methods

Only 59.4 % of the studies had results posted by the sample obser-
vation date. Estimating naïve models for this non-random sample of
trials could potentially bias our results, so we employed a two-step
Heckman estimator (Certo et al., 2016; Heckman, 1979). In the first
stage, we estimated the likelihood of posting the results. In the second
step, we introduced the Inverse Mills Ratio to account for possible

Table 2
Summary Statistics.

Variable Obs. Mean Std. Dev. Min Max

1 Results Reported 10,039 0.59 0.49 0 1
2 Disclosure Timea 5,965 864.79 662.44 0 4,229
3 Disclosure Modificationsa 5,714 4.25 7.14 0 220.5
4 Disclosure Tenorb 987 0.56 0.14 0 1
5 Competition 10,039 492.79 535.04 0 4,636
6 Previous Firm Trials 10,039 382.27 622.64 0 3,253
7 Previous Approvals 10,039 0.23 0.82 0 11
8 Phase 2 10,039 0.49 0.5 0 1
9 Phase 3 10,039 0.42 0.49 0 1
10 Phase 4 10,039 0.09 0.29 0 1
11 Adverse Events Ratio 5,965 0.13 0.18 0 1
12 No. of Sponsors 10,039 1.2 0.55 1 12
13 No. of Facilities 10,039 46.48 80.61 1 1,621
14 Requested Extension 10,039 0.39 0.49 0 1
15 No. of Subjects (log) 10,039 5.14 1.34 0.69 11.41
16 Ratio Selection 10,039 0.2 0.32 0 4
17 R&D Intensityc 4,938 1,648 8,197 0 210,277
18 Firm Slackc 4,938 3.56 4.67 0 68.17

a Disclosure Time and Disclosure Modifications can be calculated only for trials in which results were reported.
b Disclosure Tenor can be calculated only for trials in which results were reported and one or more scientific references were submitted with the trial record.
c R&D intensity and Firm slack can be calculated only for the subset of public firms.

8 In robustness check reported later, we show that the effect of our project-
level competition measure persists over and above that of market-level
competition.

9 For a list of good or not-good causes, see https://prsinfo.clinicaltrials.
gov/20230112_GCE_Criteria_final_508.pdf, Accessed July 2023.
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selection bias. The Heckman model requires an exclusion restriction
related to the selection (i.e., the likelihood of disclosure) but should not
predict the outcomes (i.e., time, modifications, and tenor of disclosure).
We used the ratio between the number of firms' trials with results re-
ported and the total number of trials the firms conducted in the same
medical conditions before the focal trial. This variable reflects the firms'
propensity for posting results based on their past behavior, and it is not
significantly associated with time, modification, tenor, or the underlying
error term of the second-stage model.

We examined the correlation between competition, the inverse Mills
ratio, and the pseudo-R-squared from the first-stage model to evaluate
whether our exclusion restriction was sufficiently strong. The correla-
tion between the independent variable and the inverse Mills ratio was
0.06, and the pseudo-R-squared from the first-stage model was 0.19,
suggesting that the strength of our exclusion restriction should be suf-
ficient to control for selection bias (Certo et al., 2016). We used a panel
regression model at the firm-trial level. Following Papke and Wool-
dridge (2008), we used a clustered correlation structure (grouped by
firms) and robust standard errors to correctly specify our panel data
structure.

5. Results

5.1. Descriptive statistics

The descriptive statistics and correlations are reported in Tables 2
and 3. About 59.4 % of all the studies in our original set had results
posted. While this indicates low compliance with FDA mandates, we are
cautious not to overemphasize this as a unique finding of our study.
Delays in reporting trial results on ClinicalTrials.gov have been
lamented for many years in medical outlets. For comparison, DeVito
et al. (2020) found that 64.5 % of trials had results submitted by their
study's observation date. Furthermore, firms can request an extension
for submitting results, making the compliance deadline flexible. We
exploit this fact to look at the effect of competition on reporting timing
in the section “Additional analyses” below. It is also important to note
that the percentage of trials with reported results has improved over
time, despite the FDA's reluctance to actively enforce fines.

We observe a considerable reduction in the sample size even after the
first stage, particularly from the models focusing on the timing and
outcome changes (n = 5,965 and 5,714) to the one concerning the tenor
of the scientific publications (n = 987). The main reason for the reduced
number of observations in the latter model is that we can observe the
tenor of publications only for specific trials where scientific publications
are present. Attaching publications is not obligatory on ClinicalTrials.
gov, and investigators can optionally decide to attach a publication to
complement the trial record information. t-tests revealed that the sub-
sample of trials with scientific publications includes late-phase, larger
trials, as reflected by a higher number of facilities and trial participants.
This is consistent with the intuition that the registry records with a
scientific publication attached might refer to trials of better methodo-
logical quality.

For the trials with results posted, it took, on average, 865 days to
report the results. Recall that according to the FDAAA, all results should
be posted by 365 days after completion; this means that trials in our
sample had their results posted 500 days late on average. This figure
aligns with prior analyses, which estimated the median delay to be
approximately 18 months (e.g., Anderson et al., 2015; Chen et al.,
2016). Fig. 2 shows that the average reporting time has reduced over
time, coming under 365 days since 2018, thanks to increased pressures
for transparency. The average extent of Disclosure Modifications for the
primary outcome changes was 4.25, indicating that, on average, for
every unaltered word, 4.25 words were altered in the primary outcomes.
These changes are notable because the average length of the original
primary outcome text is approximately 27 words. When analyzing ad-
ditions and deletions separately, we found that, on average, additions toTa
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the primary objectives (3.67) were almost six times more frequent than
deletions (0.68).

The tenor of the scientific publications linked to the trials in our
sample was, on average, 56% positive. For reference, this tenor has been
shown to range from over 81 % in natural speech and 72 % in Twitter
texts to 37 % in novels (Pennebaker et al., 2015). The LIWC dictionary
only counts positive and negative words, assuming that any other words
must be “neutral.” In our sample, LIWC classified 17 % of the text as
positive, 8 % as negative, and 75 % as neutral. It should be noted that, as

expected for scientific texts, neutral text is substantial. Furthermore, the
standard deviation in the tenor measure was 0.13, much less than the
LIWC corpus average of approximately 0.21, pointing to the prevalence
of a neutral tenor in the texts we consider.

Trials in different therapeutic areas have different characteristics
that might correlate with our variable of interest (e.g., cardiovascular
trials tend to be nearly twice as large as oncology ones andmore likely to
be later-phase; Califf et al., 2012). In Table B6 in Appendix B, we report
the means of our outcome variables by therapeutic area, which indicates
that disclosure time, modifications, and positive tenors are not all
concentrated in a handful of therapeutic areas but are instead wide-
spread, even in contexts in which delayed publication of results can
significantly impact clinical practice (e.g., oncology). Furthermore, the
Disclosure Tenor variable does not appear to vary substantially across
therapeutic areas (e.g., ‘negative’words are not concentrated among the
most serious medical conditions). We illustrate via scatter plots of main
variables of interest against competition with two trials as examples in
Appendix Fig. B7.

5.2. Main results: Timing, modifications and tenor

Table 4 reports our regression analysis. Model 1 is the first-stage
model with the Heckman selection ratio and all the controls. Model 2
is the second-stage model for predicting disclosure time in days. The
coefficient of competition is negative and significant (b = − 58.45, p <

0.001), indicating that the higher the level of competition, the shorter

Fig. 2. Average Time to Disclose Results by the Year of Completion.

Table 4
Role of Competition for disclosure time, modifications, and tenor.

(1) (2) (3) (4)

First Stage Likelihood Disclosure Time Disclosure Modifications Disclosure Tenor

Competition − 0.182*** − 58.449*** 0.768*** 0.016**
(0.038) (10.996) (0.254) (0.007)

Adverse Events Ratio − 204.314*** 3.044*** − 0.103**
(62.388) (0.980) (0.048)

Phase 3 0.602*** − 236.336*** − 1.018** 0.026*
(0.062) (57.328) (0.445) (0.015)

Phase 4 0.640*** − 262.704*** − 2.660*** 0.045
(0.099) (53.786) (0.440) (0.035)

No. of Sponsors 0.031 24.409 0.816* 0.003
(0.061) (24.605) (0.468) (0.018)

No. of Facilities − 0.001** − 0.153 0.001 − 0.000
(0.000) (0.101) (0.001) (0.000)

Requested Extension − 1.159*** 516.386*** 1.926** 0.006
(0.081) (88.774) (0.876) (0.015)

No. of Subjects 0.102*** − 9.953 − 0.333** − 0.017***
(0.033) (10.592) (0.153) (0.006)

Previous Firm Trials 0.000 0.031 − 0.001* 0.000
(0.000) (0.084) (0.001) (0.000)

Previous Approvals 0.080** − 49.358*** − 0.124 − 0.009
(0.037) (15.118) (0.194) (0.009)

Inv. Mills Ratio 35.253 − 2.047** 0.018
(110.328) (0.974) (0.017)

Prev. Projects Condition 0.112
(0.095)

Constant − 4.877*** 1644.655*** 29.512*** 0.584***
(0.572) (189.112) (10.442) (0.055)

Observations 10,039 5,965 5,714 987
Log Pseudo/R-squared − 4382.7 0.350 0.15 0.101
Number of Firms 1573 743 720 229
Therapeutic Area FE Yes Yes Yes Yes
Year FE Yes Yes Yes Yes
Robust SE Yes Yes Yes Yes

Notes. Robust standard errors in parentheses. Two-tailed tests. Heckman Selection Regression.
Taking the Phase 2 as baseline.
*** p < 0.01.
** p < 0.05
* p < 0.1.
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the disclosure time. We show the effect size in Fig. 3. At the mean value
of competition, the predicted time to report the results after the
completion date is 868 days after accounting for other covariates in the
model at their mean values. With a one standard deviation increase in
competition, the time decreases to 821 days. This corresponds to a 47-
day, or 5.5 % decrease, in the average reporting time. Mirroring the
approach used by the FDAAA trials tracker (https://fdaaa.trialstracker.
net), the effect that we find would correspond to savings of around 470
thousand US dollars.

Model 3 predicts ex-post modifications in the text of primary out-
comes. The coefficient for competition is positive and significant (b =

0.77, p = 0.003), indicating that more modifications occur when
competition is high. Fig. 4 illustrates this effect. At the mean level of
competition, the word edit distance score for the trials is 5.62, after
accounting for other covariates at their mean values. A one standard
deviation increase in competition raises the score to 6.27, representing
an 11.6 % increase in modifications compared to the average.10

Model 4 predicts publication tenor. The coefficient of competition is
positive and significant (b = 0.016, p = 0.03), indicating that when
competition is high, firms support their disclosures with more positively
worded scientific publications. We plot the effect size in Fig. 5. At the
mean value of competition and after accounting for other covariates, the

tenor of publications linked to the trials is 56.7 %. With a one standard
deviation increase in project competition, the tenor becomes more
positive, increasing to 58.2 %.

5.3. Robustness tests

5.3.1. Alternative operationalizations of our main dependent variables
In the main analysis, we use the word edit distance to capture

Disclosure Modifications. This is one of many possible methods to mea-
sure text modifications, chosen for its simplicity. Specifically, in the
context of primary outcome changes, word edit distance is highly
effective due to its sensitivity and objectivity, which is crucial given that
any edit to primary outcomes can be questionable (Damen et al., 2023;
Ramagopalan et al., 2015; Ramagopalan et al., 2014). We acknowledge
its limitations and supplement the analysis with other text-based ap-
proaches (Patil et al., 2023).

The most advanced approach considered is Bio_ClinicalBERT, based
on transformer architecture. This model significantly improves over
previous state-of-the-art models by incorporating context and semantics.
Bio_ClinicalBERT, also known as ClinicalBERT, is a pre-trained language
model derived from Bidirectional Encoder Representations from
Transformers (BERT), specifically adapted for clinical text analysis
(Alsentzer et al., 2019). It is publicly available and can be accessed via
the Hugging Face Transformers library.

Other approaches we considered include Cosine Distance with TF-
IDF and SpaCy. The cosine distance captures the “angular” separation
between two N-dimensional vectors representing the original and
modified primary outcomes. We calculated semantic distance between
texts using SpaCy's word vectors by loading SpaCy's pre-trained word
vectors, processing the texts to generate word embeddings, and then
computing the cosine distance between the embeddings (Vasiliev,
2020).

We summarize and discuss the advantages and limitations of these
measures in Table B1 in Appendix B, where we also provide examples of
textual changes from our sample with corresponding measures of text
modifications (Refer to Table B2 in Appendix B). All the measures show
a positive correlation with the word edit distance measure. When we
included them in the model, the coefficient of competition remained
positive. However, it was not statistically significant with SpaCy's
measure (see Appendix Table B3 for results and discussion).

An important limitation of all these approaches is their inability to
unpack the nature of the textual outcomes, particularly the clinical
importance of the changes. To evaluate the suitability of our approach,
we validated our measure of disclosure modifications by consulting six
medical experts from our network: two psychiatrists, one cardiologist,
and three clinical researchers. They assessed 60 primary outcome texts,

Fig. 4. Effect of Competition on Disclosure Modifications: Predictive Margins
with 95% Confidence Intervals.

Fig. 3. Effect of Competition on Disclosure Time: Predictive Margins with 95%
Confidence Intervals.

Fig. 5. Effect of Competition on Disclosure Tenor: Predictive Margins with 95%
Confidence Intervals.

10 Analyzing the coefficients for additions (b = 0.75, p = 0.004) and deletions
(b = 0.36, p = 0.095) separately, we found that competition's effect on addi-
tions was more than twice as large as its impact on deletions.
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randomly selected from our sample and divided among them based on
their expertise. The experts evaluated the extent of modifications
(minor, moderate, major) from the original to the modified outcome
texts. The correlation between the expert ratings and the word edit
distance was 0.56 and statistically significant. Although this validation
is based on a small sample, it reassures us that our distance measure
aligns with experts' judgments of the clinical significance of the textual
changes.

For Disclosure Tenor, we rely on a dictionary-based approach, trained
on a vast corpus and presumed to be devoid of biases despite its lack of
contextual nuance. This choice was motivated by LIWC's alignment with
our goal to explore the tonal nuances of the texts we examine. As clinical
trial records can be challenging to interpret even for medical pro-
fessionals, we expect that scientific publications are used to complement
the mandatory disclosures – which are quite ‘dry’ texts devoid of rhet-
oric – and we are particularly interested in exploring the conveyed
valence of the publications. An alternative would have been to use
machine learning techniques that employ a subset of texts to train a
classifier based on linguistic content, which is then applied to analyze
sentiment in broader datasets. However, this approach faces limitations

in fields such as ours, where specific sentiment benchmarks may be rare
or unsuitable (Zunic et al., 2020). Still, we explored an alternative
sentiment analysis tool, VADER (Valence Aware Dictionary and sEnti-
ment Reasoner), known for its sensitivity to emotional intensity in text
and its ability to contextualize, such as recognizing negations positively
(Chatzimina et al., 2023; Denecke and Reichenpfader, 2023). Our
analysis with VADER yielded qualitatively similar results, supporting a
positive effect of competition on tenor (reported and discussed in Ap-
pendix B5).

Finally, to examine how competition influences the disclosure rate at
a particular point since trial completion, we recoded the Disclosure Time
variable as a hazard rate (i.e., the probability of reporting at time t) and
ran a Cox regression model. The results using this approach (see Table
D1 in Appendix D) are qualitatively in line with our primary analysis.

5.3.2. Alternative operationalizations of competition
Our competition measure captures the project-level competition

faced by the focal trial. As this variable is skewed, we assessed whether
outliers had a considerable effect by winsorizing the variable at the 99th
percentile cutoffs and excluding observations with an interquartile

Table 5
Regressions with the sub-sample of public firms.

(1) (2) (3)

Disclosure Time Disclosure Modifications Disclosure Tenor

Competition − 59.154*** 0.659** 0.023***
(17.655) (0.278) (0.008)

Adverse Events Ratio − 208.843*** 1.256 − 0.131**
(69.031) (1.252) (0.057)

Phase 2 − 199.874*** − 0.954** 0.030
(65.000) (0.439) (0.020)

Phase 3 − 224.623*** − 2.347*** 0.046
(59.554) (0.517) (0.044)

No. of Sponsors 26.494 0.485 0.008
(31.926) (0.371) (0.026)

No. of Facilities − 0.237* 0.002 − 0.000
(0.121) (0.002) (0.000)

Requested Extension 531.814*** 1.393** 0.006
(88.004) (0.599) (0.013)

No. of Subjects 3.711 − 0.345* − 0.020**
(13.232) (0.180) (0.008)

Previous Firm Trials 2.793 − 0.003*** 0.000
(6.072) (0.001) (0.003)

Previous Approvals − 70.221* − 0.154 0.034
(35.882) (0.222) (0.039)

Firm Slack 0.043 0.075* 0.000
(0.103) (0.043) (0.000)

Firm Assets (log) − 53.160*** − 0.488 − 0.012
(20.184) (0.403) (0.012)

R&D Intensity 0.005 − 0.001 − 0.000
(0.003) (0.000) (0.000)

Inv. Mills Ratio 115.861 − 1.661* 0.009
(157.410) (0.897) (0.020)

Constant 2117.582*** 31.789*** 0.376
(623.733) (10.432) (0.383)

Observations 3,273 3,152 589
R-squared 0.398 0.196 0.151
Number of Firms 211 206 66
Therapeutic Area FE Yes Yes Yes
Year FE Yes Yes Yes
Firm FE Yes Yes Yes

Notes. Robust standard errors in parentheses. Two-tailed tests.
Taking the Phase 4 as baseline.
*** p < 0.01.
** p < 0.05.
* p < 0.1.
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range >3. Our findings were largely unchanged. Appendix C illustrates
that other metrics have been used to capture competition in the phar-
maceutical domain. We checked whether the role of competition in
mandatory R&D disclosures is different if we consider market compe-
tition and whether the effects of project competition persist over and
above the effects of market competition faced by the firm. We measured
Market Competition following Ball et al. (2018). The results, reported in
Appendix Table C3, show that the effect of our project-level competition
measure persists over and above the effects of market competition firms
face. We also find that market competition alone significantly correlates
with disclosure time but not with modifications or tenor.

5.3.3. Public firms subsample
Our primary analysis considers trials carried out by private and

public firms. This is appropriate as the FDAAA 801 affects all types of
firms. In further analyses, we examine whether competitive pressures
play a different role in public firms' mandatory R&D disclosures. The
regulatory and competitive pressures these firms face differ from those
of private firms. Public firms are subjected to stricter regulatory scrutiny
and disclosure requirements and bear pressure to disclose from investors
about their uncertain R&D outcomes. We reran our analysis to check if
the relationships we observe persist in a subsample of public firms,
considering only public firm trials (3,273 trials conducted by 211 public
firms, see Table 5). We searched for public companies' trial sponsors in
Compustat, which allowed us to add more fine-grained firm-level con-
trols: Firm Slack (the ratio between current assets and current liabil-
ities), Firm's Total Assets (log-transformed), and R&D Intensity (R&D
expenses scaled by the sales revenues before the year in which the focal
trial started; Hashai and Almor, 2008). The results in the sub-sample are
qualitatively similar to our main results for all three outcome variables.
The robustness of our findings using this smaller subset also helps us
exclude the possibility that we see significant effects only because of our
large sample (e.g., Sullivan and Feinn, 2012).

5.3.4. RIR analysis
Finally, to quantify the sensitivity of our analysis, we relied on the

Robustness of Inference to Replacement (RIR) approach (Busenbark and
Yoon, 2022). The RIR is used to quantify the robustness of causal
inference. To invalidate the inferences in our models predicting the
time, modifications, and tenor, 63.1 %, 22 %, and 10%would have to be
due to bias. In other words, the above percentage of cases would have to
be replaced with cases for which the predictor of interest does not affect
changing the inference (Xu et al., 2019).

5.4. Additional analyses

5.4.1. Competition from similar innovations and potential substitutes
Polidoro and Theeke (2012) found that competition from potential

substitutes challenges firms in asserting their innovation's superiority,
leading to a higher publication rate about their drug in top medical
journals. In contrast, competition from similar drugs reduces uncertainty
about the innovation, facilitating its assessment but decreasing the
publication rate about the drug. Adapting these arguments to our
setting, if competition from potential substitutes encourages firms to
assert the drug's merits and delineate how it may outperform alternative
drugs, we would expect it to induce firms to more extensively modify the
primary outcomes and attach scientific publications with a positive
tenor. Competition from similar drugs would instead diminish the firm's
inclination to assert their drug's merits. Consequently, we would expect
firms facing such competition to be less likely to modify the primary
outcomes and attach scientific publications with a positive tenor. Mak-
ing predictions concerning the effect of these two types of competition

on timing is less straightforward. Given that substitution threats
potentially have more serious consequences than threats to uniqueness,
it is plausible that competition from potential substitute drugs exerts a
greater impact on timing.

To test this, we constructed two variables: Competition from potential
substitute drugs and Competition from similar drugs. As reported in Ap-
pendix C Table C2, we found that competition from potential substitutes
positively affects modifications and tenor. For competition from similar
drugs, the effect is positive and statistically significant for modifications
but not for tenor. Regarding timing, competition negatively affects delay
(i.e., it prompts faster disclosures) for both competition measures. As
expected, the coefficient for competition from substitute drugs is larger.
Taken together, these checks suggest that different types of competition
(from similar innovations and potential substitutes) may play distinct
roles in shaping the timing, modifications, and tenor of firms' mandatory
R&D disclosures.

5.4.2. Complying versus non-complying firms
Our results indicate that competition leads to faster disclosure, which

might reflect that firms operating in more competitive environments
simply have shorter turnaround times. To test this possibility, we
divided the sample into two groups: firms that had posted results within
365 days or those that had requested an extension (Compliant firms) and
the other group that had not taken either action (Non-compliant firms).
Note that the FDA Act allows firms to request an extension to disclose
their results, introducing a degree of flexibility into the compliance
process. As reported in Appendix D Table D2, the coefficient for the
complying group was almost four times larger than for the non-
complying group. This outcome further underscores the notion that
complying firms are more proactive in deterring competitors and
favorably shaping their institutional environment.

5.4.3. Tenor of the publications that were not attached to the disclosures
To assess Disclosure Tenor in our primary analysis, we consider only

the publications that were linked to ClinicalTrials.gov records. It might
be the case that the firm's decision to link a particular publication in the
first place is contingent on whether the publication's results are favor-
able. If this were the case, we would find further support for our argu-
ment that firms are deliberate in attaching scientific publications to their
mandatory disclosures. To explore this issue, we investigate whether
there are any systematic differences in the tenor of the papers that the
firms choose to share on ClinicalTrials.gov versus those they decide not
to share. This requires identifying papers that could have been poten-
tially shared, e.g., because they report the results of a trial reported in
the registry. To do so, we exploit the fact that publications linked to a
trial registered on ClinicalTrials.gov must report the trial identification
number (NCT ID) in their title. We searched PubMed for the NCT IDs of
all trials where the trial sponsors did not share any publications on the
registry. We then calculated the tenor of the abstracts for these papers
and, through t-testing, found that the tenor was significantly less posi-
tive than the publications linked to ClinicalTrials.gov (Mean Difference
= 0.13, t = 43.98).

6. Discussion and conclusion

Our investigation of mandatory R&D disclosures in the pharmaceu-
tical industry sheds light on how competitive pressures influence firms'
adherence to regulatory disclosure mandates. We show that firms' re-
sponses to these pressures are varied, shaping the timing of disclosures,
the adjustment of pre-defined research objectives, and the enhancement
of disclosures with positively toned scientific publications. The role of
competition is twofold. Increased competition is associated with more
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timely disclosures: a one standard deviation rise in competition is
associated with a 47-day decrease in the time to disclose. However,
under intense competitive pressure, firms change the text of pre-defined
research objectives even after a study is completed with results. Spe-
cifically, a one standard deviation increase in competition from the
mean raises the word edit distance score by 12 % compared to the
average, suggesting significant additions and deletions. In addition,
under intense competition, firms support their mandatory disclosures
with scientific papers that have a more positive tone.

6.1. Implications for research on R&D disclosures and questionable
reporting

We emphasize two contributions made by this study. First, we
contribute to the literature on R&D disclosures. While previous studies
have scrutinized the motivations behind voluntary R&D disclosures (e.g.,
James and Shaver, 2016) and explored the role played by competition in
this context (Grossman and Shapiro, 1987; Hughes and Pae, 2015;
Polidoro and Theeke, 2012; Song and Zhao, 2021), the role of compe-
tition in shaping firms' discretion in mandatory R&D disclosures has not
been directly investigated. Shifting attention from “if” to “how” firms
disclose, our study illuminates some gray areas within regulatory
compliance. We provide empirical evidence that even under mandatory
requirements, anticipated to provide consistent and standardized in-
formation, firms adjust critical elements of their disclosures in the
presence of high competition. The dual role of competition is particu-
larly noteworthy, indicating a nuanced trade-off: while disclosing faster,
firms remain cautious in controlling the content of their disclosure. In
exploring the timing of mandatory R&D disclosure, we add to prior work
on the link between competition and the timeliness of R&D disclosures
(e.g., Glaeser and Landsman, 2021). In investigating publication tenor
and how scientific publications support mandatory disclosures, we add
to prior work examining how firms combine different types of R&D
disclosures (e.g., Lim, 2004) and metrics to analyze disclosures (e.g., the
effectiveness of disclosure in patent applications; Kong et al., 2023).

Second, our study adds to the literature on scientific practice by
specifically addressing questionable reporting practices (DeVito and
Goldacre, 2019; Dwan et al., 2013; Salandra, 2018). Given firms' in-
centives to circumvent good R&D disclosure practices, we contribute to
understanding the interplay between commercial interests and scientific
misrepresentation (Biagioli et al., 2019; Sismondo, 2008). Our findings
indicate that under intense competition, firms are making more changes
to the text of the primary trial objectives, with more additions than
deletions. Both actions provide opportunities to alter the primary
outcome text favorably in response to competition. For example,
changes to the primary outcomes text might include adding new primary
outcomes, modifying the time frame for outcomes, altering the outcome
measurement approach, and even specifying who performs the mea-
surement. All these are considered problematic 'outcome switching'
practices in the medical field (Altman et al., 2017; Butcher et al., 2022;
Delgado and Delgado, 2017; Kahan and Jairath, 2018).

Our findings highlight the paradox that competitive pressures may
lead firms to adopt questionable practices in response to regulatory
disclosures intended to prevent such behavior. Previous literature has
documented modifications to outcomes recorded in trial registries (Chen
et al., 2019; Ramagopalan et al., 2014), but the influence of competition
as a driving factor has been largely unexplored. This study is a novel
effort to apply text analysis methods, particularly dictionary-based ap-
proaches, to examine the tone of scientific disclosures (e.g., Henry,
2008; Price et al., 2012). We build on existing literature that uses similar
approaches for analyzing media responses (Bednar, 2012), earnings
conference calls (Price et al., 2012), and publication impact (Antons
et al., 2019).

6.2. Implications for policy and transparency mandates

Our research has implications for regulators and policymakers,
particularly those behind the FDAAA 801 initiative. Despite clear stat-
utory guidelines, ethical imperatives, and societal expectations, the level
of compliance with FDAAA 801 is inappropriately low (Anderson et al.,
2015; DeVito et al., 2020; Goldacre, 2013; Zarin et al., 2019). Adding to
prior work highlighting the potential limitations of public registries and
their implications for key stakeholders, notably patients (Castellani,
2013; Dahm et al., 2009; Zarin and Tse, 2008), we provide evidence that
compliance choices can be nuanced. Importantly, modulating key
disclosure elements may lead to divergence from the original regulatory
intentions of increasing transparency and generating public benefits.
These findings have important repercussions for the debate on research
waste and the role of clinical trial registries (Chalmers and Glasziou,
2009; Moher et al., 2016).

In particular, we show that competitive pressures play a pivotal role
in shaping the nuances of these disclosures. On the bright side, project-
level competition is associated with more timely disclosures. The crea-
tion of the registry may have stimulated more timely disclosures by
making project-level competition more salient, e.g., allowing firms to
track other projects operating in overlapping disease conditions. It
might be the case that increasing the visibility of competing projects on
the platform (e.g., by suggesting a list of projects exploring the same
medical condition) may positively impact disclosure timing. Initiatives
to increase public accountability, such as the FDAAA trial tracker (htt
ps://fdaaa.trialstracker.net/), which highlights compliance failures,
are also likely to create pressure for timely disclosure (e.g., by pub-
lishing a list of trial sponsors ranked based on their disclosures).

Of particular concern are the links between competition and both
disclosure modifications and disclosure tenor. While the platform allows
for tracking changes made to disclosure texts, it should also enable more
precise quantification of the significance of these changes, especially
those made after results are posted. Regarding tenor, our finding that
competition is associated with a more positive tenor, alongside our
extended analysis showing that publications linked to the platforms
have a more positive tenor than those that the firms choose not to link,
suggests that the pairing of a clinical trials record with a publication
should not be left to the investigators but should be automated to pre-
vent deliberate behavior. This would start by creating automated
methods to identify scientific publications reporting the results of a
clinical trial, which remains a complex manual task (Bashir et al., 2017).

6.3. Limitations and future research

Our analysis has several limitations. First, context plays a significant
role in our study. We focus on the R&D disclosures made by pharma-
ceutical firms under US law. While commercial interests are important,
other factors may affect deliberate reporting behavior (Biagioli et al.,
2019). Indeed, delays in clinical trial disclosures and outcome switching
are not limited to commercial sponsors (Chen et al., 2019; DeVito et al.,
2020). Future work could investigate non-commercial actors and
whether mandatory R&D disclosures are also shaped by scientific ri-
valry, which is conducive to deliberate practices (Hill and Stein, 2021).
Our focus on competition, timing, modifications, and tenor mirrors prior
studies that have explored how organizations disclose under mandatory
disclosure policies. In this regard, prior work has, for example, docu-
mented a positive effect of product market competition on patent
disclosure timeliness (Glaeser and Landsman, 2021) and on the decision
to redact information from material contract filings (Verrecchia and
Weber, 2006). As such, it might be helpful to test whether the re-
lationships we observe replicate in other contexts with mandatory dis-
closures (e.g., financial, environmental, and safety; Bennear and
Olmstead, 2008; Doshi et al., 2013; Frank et al., 2004). Another po-
tential avenue for future research would be to explore whether some of
the relationships we explore in the clinical trials registry, and
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particularly the role of competition in shaping reporting, extend to
health economic evaluations, which have been shown to be subject to
biased reporting (e.g., Bell et al., 2006).

Second, our study uses lexical similarity measures and linguistic
analysis to assess the primary outcome modifications and tenor of sci-
entific publications that support mandatory R&D disclosures. An
important limitation of our study regarding disclosure modifications is
that we cannot classify the nature of these changes beyond the textual
measures we use. For example, we cannot determine if a new outcome or
a new outcome measurement was introduced to report more favorable
findings. Consequently, our approach to measuring modifications to
study objectives does not assess the clinical significance of these
changes. However, our small survey of experts showed a significant
correlation between our modification measure and their qualitative as-
sessments. Future research could extend our analysis by evaluating the
clinical significance of these changes, working closely with clinical ex-
perts. Regarding disclosure tenor, our linguistic analysis exclusively
assesses tone, which is particularly limited given that scientific publi-
cations are mostly neutral. Future research could explore the rhetorical
styles used to support mandatory R&D disclosures, such as investigating
causal statements (e.g., Haber et al., 2018).

Third, we focus on only one salient correlate: competitive pressures.
In our analysis, we have attempted to account for other known factors
that could influence the relationship between competition and disclo-
sure elements. For example, a publication might be positively worded
simply because the trial produces favorable results. As such, we control
for potential adverse effects occurring in trials. A publication might also
be more negatively worded in certain particularly severe conditions (e.
g., pain). To control for this, we include therapeutic area dummies.
Other relevant elements excluded from our analysis could be investi-
gated in future work. For instance, scientific disclosures necessitate
distinctive capabilities within a firm (e.g., Simeth and Lhuillery, 2015).
Additionally, factors impacting the outcome of clinical trials might
concurrently dictate firms' disclosure decisions (e.g., the skill and
experience blend of investigators, Haeussler and Assmus, 2021). Orga-
nizations with ingrained transparency values might be more proactive
and timely in their disclosures (Goldacre et al., 2017). Importantly,
given our study design, we are unable to claim that competition causes
the outcomes we observe. Future research could attempt to unpack
causality.

Fourth, although we document discretion in firm mandatory dis-
closures along with three key elements with the assumption (partially
supported by medical studies) that these substantially impact stake-
holders, especially patients, we do not measure potential impacts.
Future inquiries might question how these timing, modifications, and
tenor might impact subsequent clinical trials, competitor responses,
commercial success, and patient well-being. For example, do markets
react positively to the firms' actions around their mandated R&D dis-
closures in the same way as they react to the redaction of IP-specific
information (Kankanhalli et al., 2021)? Do frequent outcome modifi-
cations in associated trials relate to the commercial success of a drug?

Lastly, our study leverages publicly accessible data, benefitting from
a wealth of contextual information, or metadata, that sheds light on the
methods of data collection and its sources. However, we cannot delve
deeply into the specific actors, processes, and motivations underlying
firms' discretion in shaping their mandatory R&D disclosures. Future
research may supplement quantitative data collection with interview
data focusing on the processes used by the firms to disclose and the
actors involved.

To conclude, this exploratory analysis offers new insight into firms'
nuanced behavior when disclosing their R&D activities on a regulatory
platform. It links subtle variations in timing, modifications, and tenor of
disclosures to competitive pressures. While mandatory R&D disclosures
aim to foster transparency, our findings highlight that the discretion
firms exercise within these mandates is influenced by the competitive
environment.
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