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ABSTRACT
Background
Previous studies of drug trials submitted to regulatory authorities have documented selective
reporting of both entire trials and favorable results. The objective of this study is to determine
the publication rate of efficacy trials submitted to the Food and Drug Administration (FDA) in
approved New Drug Applications (NDAs) and to compare the trial characteristics as reported by
the FDA with those reported in publications.

Methods and Findings
This is an observational study of all efficacy trials found in approved NDAs for New Molecular
Entities (NMEs) from 2001 to 2002 inclusive and all published clinical trials corresponding to the
trials within the NDAs. For each trial included in the NDA, we assessed its publication status,
primary outcome(s) reported and their statistical significance, and conclusions. Seventy-eight
percent (128/164) of efficacy trials contained in FDA reviews of NDAs were published. In a
multivariate model, trials with favorable primary outcomes (OR ¼ 4.7, 95% confidence interval
[CI] 1.33–17.1, p ¼ 0.018) and active controls (OR ¼ 3.4, 95% CI 1.02–11.2, p ¼ 0.047) were more
likely to be published. Forty-one primary outcomes from the NDAs were omitted from the
papers. Papers included 155 outcomes that were in the NDAs, 15 additional outcomes that
favored the test drug, and two other neutral or unknown additional outcomes. Excluding
outcomes with unknown significance, there were 43 outcomes in the NDAs that did not favor
the NDA drug. Of these, 20 (47%) were not included in the papers. The statistical significance of
five of the remaining 23 outcomes (22%) changed between the NDA and the paper, with four
changing to favor the test drug in the paper (p ¼ 0.38). Excluding unknowns, 99 conclusions
were provided in both NDAs and papers, nine conclusions (9%) changed from the FDA review
of the NDA to the paper, and all nine did so to favor the test drug (100%, 95% CI 72%–100%, p
¼ 0.0039).

Conclusions
Many trials were still not published 5 y after FDA approval. Discrepancies between the trial
information reviewed by the FDA and information found in published trials tended to lead to
more favorable presentations of the NDA drugs in the publications. Thus, the information that
is readily available in the scientific literature to health care professionals is incomplete and
potentially biased.
The Editors’ Summary of this article follows the references.
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Introduction

2001 to 2002 inclusive and all published clinical trials
corresponding to the trials within the NDAs. NMEs are a
subset of NDAs that represent novel active ingredients rather
than, for example, ‘‘me-too’’ drugs, which are very similar to
existing drugs, or combinations of previously approved drugs.
Thus, NMEs are clinically important drugs about which new
information is needed.

Evidence-based clinical medicine relies on the publication
of high-quality data to determine standards of patient care.
Publication bias occurs when some types of results (e.g., those
that are statistically signiﬁcant) are reported more frequently
or more quickly than others [1–4]. Publication bias favors the
dissemination of information about clinical interventions
showing statistically signiﬁcant beneﬁt. Publication bias,
therefore, may lead to preferential prescribing of newer
and more expensive treatment choices and may underestimate the harms of drugs that have been in use for only
a limited time, and clinical decisions may be based on
erroneous information [5]. The objective of this study is to
assess the extent and nature of publication bias among newly
approved drugs by determining the publication rate of
efﬁcacy trials submitted to the United States Food and Drug
Administration (FDA) in approved New Drug Applications
(NDAs) for NMEs (New Molecular Entities) and comparing
the trial characteristics as reported by the FDA with those
reported in publications.
Publication bias not only limits the number and scope of
studies available for review by clinicians, but also affects the
results of systematic reviews and meta-analyses. Researchers
may estimate spuriously large treatment effects in early metaanalyses of the available evidence if there is publication bias
[4].
The fact that unpublished trials are hidden from view makes
it difﬁcult to study publication bias among drug trials [6–8].
However, drug manufacturers seeking approval to market
drugs in the US are required to submit all studies to the FDA
as part of their NDA. Thus, documents submitted to regulatory
agencies can be used to help identify unpublished trials. Past
studies found selective reporting of both entire trials and
favorable results [9–13]. One study conducted in the US
examined 37 trials of nonsteroidal anti-inﬂammatory drugs
that were submitted to the FDA and found that only one trial
was published [14]. However, because only one trial was
published, trial characteristics that might be associated with
publication could not be examined. Another US study
examined trials of antidepressants that were submitted to
the FDA and also found evidence of publication bias, although
this analysis was again limited to one drug category and
included drugs approved in a wide range of years (1987–2004),
during which time publication practices may have changed
substantially as journals began to require trial registration [12].
In this study, we hypothesized that not all data submitted to
the FDA for a new drug approval are published and that
certain trial characteristics may be associated with publication. We also hypothesized that there are discrepancies
between trial data submitted to the FDA and data found in
published trials. We compared the efﬁcacy trials submitted to
the FDA in approved NDAs with their publications, if any, in
the medical literature. For those trials that were published,
we compared characteristics of each trial as reported by the
FDA with characteristics as reported in the corresponding
publication.

Search Strategy: New Drug Applications (NDAs)
We (KR and LB) ﬁrst identiﬁed all NDAs for NMEs
approved from January 2001 to December 2002. An NME,
as deﬁned by the FDA, is an active ingredient that has never
before been marketed in the US in any form [15]. We found
this information at the Center for Drug Evaluation and
Research website [16].
This 2-year period was selected in order to include trials
that were recently conducted, while still allowing enough time
for publication. Prior research found a median time to
publication of 5.5 y from the time a trial started enrollment,
with trials with positive results published signiﬁcantly earlier
than trials with negative results (4.3 y versus 6.5 y,
respectively) [4]. NDAs for drugs that were withdrawn from
the market were excluded, as withdrawal of the drug would
likely affect the subsequent publication of trials.
Information submitted in NDAs is contained in the FDA
Medical and Statistical Ofﬁcer Reviews of each NDA, which
are publicly available, along with approval letters, at http://
www.accessdata.fda.gov/scripts/cder/drugsatfda/index.
cfm?fuseaction¼Search.Search_Drug_Name.

Search Strategy: NDA Trials
The approval letter for each drug was read to determine
the indication(s) for which the drug was approved. The
medical and statistical ofﬁcer reviews were then reviewed to
identify all clinical trials referred to within efﬁcacy sections
of the reviews that met our inclusion criteria. We call these
trials that were submitted in support of efﬁcacy ‘‘efﬁcacy
trials.’’

Inclusion Criteria for Trials within the NDA
Each NDA submitted to the FDA contains one or more
efﬁcacy trials for each indication for which the drug is under
evaluation. We included in our study all trials that the FDA
ofﬁcers included in their efﬁcacy review of the NDA for the
approved indication(s) only.
Speciﬁc inclusion criteria for trials within the FDA reviews
were: had a comparison group (placebo or comparator drug);
included patients with the condition for which the NDA was
approved; were used by the FDA in the efﬁcacy review of the
drug; had separately reported results somewhere within the
medical or statistical review, unless a pooled analysis of two
or more trials was pre-speciﬁed; were reported with enough
information to be able to search for them within the
published literature (for example, some combination of
patient population description, intervention description,
sample size, outcomes measured, location of trial, etc.); and
had complete analysis at time of reporting, or analysis of the
primary outcome(s) was complete if the trials had long-term
extensions.

Methods

Search Strategy: Published Trials

We conducted a study of all efﬁcacy trials found in
approved NDAs for new molecular entities (NMEs) from
PLoS Medicine | www.plosmedicine.org

We performed an electronic search of PubMed and The
Cochrane Library from July 2006 through June 2007,
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searching on MESH terms and keywords of drug names, to
identify publications that corresponded to each of the trials
identiﬁed in the FDA reviews of each NDA. Trade and generic
names were used to search online databases, as well as any
other names, such as code names, that had been used in the
NDA text describing the trial. We searched for articles
published in any language. In addition, the reference lists of
identiﬁed articles were scanned for additional relevant
published trials and investigators and drug companies were
contacted multiple times to inquire about publication status.
If no publications were identiﬁed for a trial within a
speciﬁc NDA, authors of other publications identiﬁed for that
drug were contacted to request assistance identifying the
publications of the other trials. Trials were referred to as
protocol numbers when available from the NDA, and
otherwise by name or any other speciﬁc identifying information (such as location of study, number of participants, or
intervention groups). If further assistance was required, the
drug company was contacted. If a publication was identiﬁed
that was thought to possibly be one of the included trials, but
the identity was not certain, the author of that publication
was contacted to inquire whether the publication was
reporting the trial of interest (identiﬁed by protocol number
if available). When contacting authors, the corresponding
author was contacted ﬁrst. If the author did not reply, a
second email was sent or a phone call was made if a phone
number was available. Attempts were also made to contact
any other authors of the publications for whom contact
information could be found. On average, about three
attempts were made to establish contact with someone
(author or drug company) regarding publication of each
trial. This process was followed with each publication
identiﬁed for each trial included in the study. Contact was
made only in instances in which trial identity was unclear in a
publication, or for which no publication had been found for a
trial.
Published trials were linked to trials found in the NDA by
comparing descriptions of methods and data on the
characteristics of the population studied, including sample
size, intervention groups, outcomes measured, and results of
the trial.
The publication status of each NDA trial was recorded as
(1) individual publication, (2) publication in press, (3) pooled
publication reported separately, (4) pooled publication not
reported separately, (5) abstract, (6) poster, (7) not published,
veriﬁed; or (8) no information found. A trial was considered
‘‘not published, veriﬁed’’ (category 7 above) only with
veriﬁcation from the drug company or an investigator
associated with that trial. Trials that were reported to be
‘‘in press’’ were considered published but were excluded from
all additional analysis, as the published reports could not be
reviewed.
For analysis, the coding categories above were dichotomized as ‘‘published’’ or ‘‘not published’’. A trial was coded as
‘‘published’’ if it was in categories 1, 2 or 3 above; it was coded
as an individual publication if one or more publications were
identiﬁed reporting only the results of that speciﬁc trial; as in
press; or as a pooled publication if multiple trials were
included but the results of the NDA trial were reported
separately. All other trials (categories 4, 5, 6, 7 or 8 above)
were coded as ‘‘not published’’.
PLoS Medicine | www.plosmedicine.org

Data Extraction
We designed a database into which we directly entered all
information on publication status and trial characteristics.
The database was pre-tested on trials and papers that were
not included in our study, and unclear/unreliable data
extraction elements were eliminated or revised.
One author (KR) extracted all data from all NDA trials and
publications. A random number generator was used to
determine the order in which the drugs were reviewed. The
data from all trials, both in the NDA and publications, were
coded before moving on to the next drug. Additional coders
were trained to double-code portions of the data determined
to be potentially subjective in both the FDA reviews and the
publications (see Box 1). Double-coding was done in a
separate random order and was performed for all papers (n
¼ 126) and for a randomly selected subset of NDA trials (n ¼
55). Disagreements were resolved by consensus. Because
previous research suggests that masking of articles to
reviewers does not inﬂuence ratings, reviewers were not be
blinded to the source or authors of the articles [17–19]. Intercoder reliability was very good (simple kappa 0.71 to 1).
We collected data on characteristics of randomized
controlled trials that could inﬂuence bias including randomization [20,21], double blinding [21,22], choice of drug
comparator [23–26], peer-review status of the publication
[27], funding source [28,29], and ﬁnancial ties of investigators
[29,30] because these are characteristics that could be
associated with publication (see Box 1 for data coding).
Details on the collection of outcomes and conclusions, as well
as publication status, are described below.
Primary outcome(s) (double-coded). The primary outcome(s), as identiﬁed in the FDA review of the NDA or the
publication, were recorded for each trial. If a primary
outcome was measured at different times, we used the time
point that was speciﬁed in the NDA as the primary outcome.
If a primary outcome was not explicitly stated, the outcome
used in the power analysis was designated as the primary
outcome. If the power analysis was not provided or an
outcome was not stated, then the outcome stated in the
primary research question was designated as primary. If a
primary outcome was not identiﬁed by any of these methods,
the trial was considered to have no primary outcomes
reported.
For each primary outcome, we recorded: deﬁnition of the
outcome, whether the outcome measured efﬁcacy or safety,
and the statistical signiﬁcance of the outcome. Statistical
signiﬁcance of the outcome was coded as 1) statistically
signiﬁcant in favor of the NDA drug (e.g., p , 0.05, 95% CI
for difference excluding 0, or 95% CI for ratio excluding 1),
2) not statistically signiﬁcant, 3) statistically signiﬁcant in
favor of the comparator or 4) unknown. For trials with only
one primary outcome, the outcome was considered favorable
if it was a superiority outcome that was statistically signiﬁcant
in favor of the NDA drug or in which equivalence was found.
Superiority outcomes that were not statistically signiﬁcant or
that favored the comparator were considered not favorable,
and outcomes for which the signiﬁcance was not reported
were excluded (13 out of 196 outcomes).
For trials with multiple primary outcomes, a composite
ﬁeld was made and was coded on the basis of the statistical
signiﬁcance of each primary outcome in the trial. The
1563
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Box 1. Coding of Study Design and Publication Characteristics

recorded as (1) favorable to the test drug, (2) neutral, (3) not
favorable to the test drug, or (4) unknown/not stated.
Publication status. The publication status of each NDA trial
was recorded as (1) individual publication, (2) publication in
press, (3) pooled publication reported separately, (4) pooled
publication not reported separately, (5) abstract, (6) poster,
(7) not published, veriﬁed, or (8) no information found.
For analysis, the coding categories above were dichotomized as ‘‘published’’ or ‘‘not published.’’ A trial was coded as
‘‘published’’ if it was in categories 1, 2, or 3 above; it was
coded as an individual publication if one or more publications were identiﬁed reporting only the results of that speciﬁc
trial; as in press; or as a pooled publication if multiple trials
were included but the results of the NDA trial were reported
separately. All other trials (categories 4, 5, 6, 7 or 8) were
considered ‘‘not published.’’
In cases of duplicate publications, the reports were
reviewed to identify the more complete publication, and
only this publication was included in the analysis. In many
cases, publications were identiﬁed as post-hoc analyses or
reports of secondary variables. If the identity of the primary
publication was unclear, the authors were contacted and
asked to identify the primary publication.

Study design (single-coded; coded for NDA trials only)
Randomization: Recorded as (1) yes or (2) no/unknown.
Blinding: Recorded as (1) single blind, (2) double blind, (3) triple blind, or
(4) open label (not blinded).
Study design (double-coded; coded for NDA trials and publications)
Intervention groups: Details for each intervention group were recorded,
including: drug name, dose, frequency, route, duration, and whether the
drug was an NDA drug, comparator drug or placebo.
Intention to treat (ITT): Recorded as (1) yes or (2) no/unknown. Each trial
was coded as using ITT analysis if the number of patients for the primary
efficacy analysis equaled the number of patients randomized. If use of
ITT was stated in the methods, but randomized patients were omitted
from the primary efficacy population, then the field was coded as ‘‘ITT
not done, but report states that it was done.’’ We applied the following
definition of ITT: ‘‘All participants should be included regardless of
whether their outcomes were actually collected.’’ [37].
Last observation carried forward (LOCF): Recorded as (1) yes or (2) no/
unknown
Data imputation: Recorded as (1) yes or (2) no/unknown. This included
those trials that used LOCF.
Data reporting: Reporting of raw data (e.g., counts or means with no
statistical manipulation, such as, number of patients with outcome, actual
blood pressure as opposed to change in blood pressure), percent data
(e.g., X% of patients responded), absolute change, relative risk, and number
need to treat (NNT) for the primary outcome(s) of each trial was recorded.

Statistical Analysis
For our primary outcome of publication, we report the
publication status of NDA trials in terms of the whole
population of trials (the percentage of trials published) as
well as per NDA (the percentage of NDAs with at least one
published trial). We report the frequency of the different
characteristics of each trial as reported in both the FDA
reviews of the NDA and the publication (see Box 1 for list of
characteristics). For characteristics for which there was
sufﬁcient variability, we assessed whether there was an
association with publication.
Associations between individual trial characteristics as
reported in the NDA and publication were ﬁrst analyzed
using univariate logistic regression, with a random effect
included to account for possible similarity of trials from the
same NDA, and odds ratios were estimated. Multivariate
models were then built in a forward stepwise manner until no
remaining candidate predictors had p , 0.05.
For the subset of published trials, we compared the
characteristics of the NDA trials with their corresponding
publication. We tested for systematic changes in the reporting
of each trial characteristic from the individual NDA report to
the published report using McNemar’s test for dichotomous
variables and the paired t-test for numeric variables.
We identiﬁed primary outcomes that were added or deleted
from papers and report the statistical signiﬁcance of these
outcomes. We also report changes in statistical signiﬁcance of
primary outcomes from the NDA to publication.
We report changes in conclusions from the NDA to
publication.

Uncertainty reporting: Reporting of p-values, confidence intervals, and
standard deviation for the primary outcome(s) of each trial was recorded.
Adverse events table: Each trial was assessed for the presence of an
adverse event table. Details of statistically significant adverse events
were also recorded.
Publication characteristics (single-coded; coded for publications only)
Funding: The funding source(s), as disclosed in each paper, were
recorded as (1) industry, (2) government, (3) non-profit, or (4) not
disclosed. The specific funding source(s) were also recorded.
Disclosure of conflicts: Disclosure of conflicts in each paper was recorded
as (1) individual conflicts disclosed (details recorded under each author),
(2) conflicts not disclosed, (3) employees only disclosed, or (4) ‘‘no
conflicts’’ explicitly stated.
Author affiliation with industry: Recorded as (1) yes or (2) no/unknown.
Details of any affiliation with industry (such as employment by industry)
were recorded for each author, as disclosed in the publication.
Peer-review status of journal: Each journal article was classified as peerreviewed, not peer-reviewed or unknown status. The editorial office of
each journal was contacted to determine whether the journal was peer
reviewed and, if peer-reviewed, how long a peer review process had
been in place to ensure that earlier publications were included in the
peer review process. Websites were also consulted for those journals for
which the editorial office did not reply.
Impact factor: The impact factor was obtained for each journal for the
year in which each article was published from the Institute for Scientific
Information website [38]. Impact factors that were not found at the ISI
website (articles published before 2000) were found in the UCSF library
microfilms in the Science Citation Index Journal Citation Reports from
the Institute for Scientific Information.

composite outcome was coded as follows: (1) favorable: at
least one primary outcome was statistically signiﬁcant in
favor of the drug and no primary outcomes were statistically
signiﬁcant in favor of the comparator or (2) not favorable: no
primary outcomes were statistically signiﬁcant in favor of the
NDA drug or at least one primary outcome was statistically
signiﬁcant in favor of the comparator.
Conclusion (double-coded). The conclusion for each trial,
as stated in the FDA review of the NDA or publication, was
PLoS Medicine | www.plosmedicine.org

Results
Characteristics of Included Trials from NDAs
Our ﬁnal sample consisted of 164 efﬁcacy trials found in 33
NDAs (see Figure 1). The NDAs were supported by a range of
1–13 trials with a median of four trials. See Table S1 for list of
NDAs and included trials.
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two NDAs (dutasteride and perﬂutren), with a total of ﬁve
trials, for which no trials were published (see Table S1).
We did not identify any speciﬁc cases in which sponsors
prohibited investigators from publishing. However, some
investigators did comment that they had been eager to publish
their ﬁndings. As one investigator stated, ‘‘The data are in my
opinion very worthwhile. Efforts were made a number of times
to work on publishing the data, but it was never possible to
ﬁnd a time when both the PI and the company simultaneously
had time available to commit.’’ Another commented, ‘‘Unfortunately I do not think this complete study has ever been
published. It is clearly important that this should be published.
I have been and continue to be in contact with [Company] to
see how this can be published.’’

Predictors of Publication
Table 2 shows the results of univariate logistic regression
analyses, which found that trials that were reported in the
NDA as having active controls or with favorable primary
outcomes were signiﬁcantly more likely to be published. In a
multivariate model, both active control and favorable
primary outcome remained signiﬁcant. No other variable
had p , 0.05 when added to the model with those two
predictors. Although favorable conclusion had a sizeable
estimated odds ratio in the univariate model, this disappeared when controlling for active controls and favorable
primary outcomes (OR ¼ 0.99, 95% CI 0.15 to 6.4, p ¼ 0.99).

Figure 1: Flow Chart for Selection of New Drug Applications and
Included Trials
doi:10.1371/journal.pmed.0050217.g001

Table 1 shows the characteristics of the full sample of trials,
by publication status. All trials were reported as randomized
except for one, for which randomization was not mentioned.
There were approximately equal proportions of active- and
placebo-controlled trials. Only 14% (23/164) of trials used
intention to treat (ITT) analysis as their primary analysis.
Furthermore, the deﬁnition of ITT that we used (see Box 1)
includes per-protocol analysis (in which participants are
analyzed as treated rather than as randomized). Thus, an even
lower proportion of trials adhered to ITT analysis deﬁned as
all participants included in the arm to which they were
allocated, whether or not they received (or completed) the
intervention given to that arm. Another 53% (74/141) stated
that they conducted ITT analysis, although their primary
analysis did not include all randomized patients. Uncertainty
was most frequently reported as a p value (81%, 132/163),
although 45% (73/163) of trials reported conﬁdence intervals.
The primary outcome composite ﬁeld was favorable to the
test drug in 76% (124/163) of the trials. The conclusion
favored the test drug in 70% (114/164), was neutral in 7% (11/
164), was not favorable to the test drug in 4% (7/164), and was
unknown in 20% (32/164) of trials.

Discrepancies between Data Analysis and Reporting in the
NDA and Published Trials
As shown in Table 3, there were statistically signiﬁcant
changes in the reporting of types of data, p values, conﬁdence
intervals, and adverse event tables in the publications as
compared with the NDAs.

Discrepancies in Primary Outcome Reporting
As shown in Table 4, trials had a total of 179 primary
outcomes reported in the NDAs. Forty-one primary outcomes
from the NDAs were omitted from the papers. Papers
included 155 outcomes that were also in the NDAs (87%,
155/179), plus 15 additional outcomes that favored the test
drug, and two other neutral or unknown additional outcomes. Thus, the papers included more outcomes favoring
the test drug than did the NDAs.
Excluding outcomes with unknown signiﬁcance, there were
43 outcomes in the NDAs that did not favor the test drug (35
not statistically signiﬁcant, eight favored the comparator). Of
these outcomes, 20 (47%) were not included in the papers. In
addition, the statistical signiﬁcance of ﬁve of the remaining
23 outcomes (22%) changed between the NDA and the paper,
with four changing to favor the test drug in the paper (p ¼
0.38). The changes in outcomes occurred in a total of 36 trials
found in 19 different NDAs.

Publication Status
As shown in Table 1, 77% (128/164) trials were published,
which included 100 individual publications, 26 pooled
publications, and two in-press publications. The two trials
that were in press were omitted from all subsequent analyses
comparing NDA trials with publications. Of the 36 trials that
were not published, 15 were incompletely published in either
a pooled publication or an abstract and 12 were veriﬁed as
not published. Information for nine trials could not be found,
even after multiple contacts with the drug companies and
authors of other publications.
The NDAs had a range of one to 13 published trials, with
94% (31/33) of NDAs having at least one trial published, and
52% (17/33) of NDAs having all trials published. There were
PLoS Medicine | www.plosmedicine.org

Discrepancies in Conclusions
As shown in Table 5, when excluding unknown conclusions,
99 conclusions were provided in both NDAs and papers.
There were ten conclusions in the NDAs that did not favor
the test drug (six neutral and four favoring the comparator).
Excluding unknowns, nine conclusions (9%) changed from
the FDA review of the NDA to the paper, and all nine did so
to favor the test drug (100%, 95% CI 72% to 100%, p ¼
1565
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Table 1. Characteristics of Included NDA Trials by Publication Status (n ¼ 164)
Characteristic

Category

Subcategory

All NDA Trials
(n ¼ 164)a

NDA Trials, Published
or In Press (n ¼ 128)b

NDA Trials, Not
Published (n ¼ 36)

Trial size

Sample size randomized
Number of sites
Randomized
Blinded
Number of primary outcomes

Median (min–max)
Median (min–max)

386
34.5
99%
95%
0.6%
74%
14%
11%
40%
24%
16%
20%
51%
14%
53%
35%
41%
71%
45%
53%
4%
0
81%
45%
36%
70%
7%
4%
20%
76%
18%
6%
40%
14%

392
35.5
99%
94%
0.8%
74%
15%
10%
41%
24%
16%
19%
56%
15%
53%
32%
39%
76%
49%
48%
4%
0
80%
47%
41%
70%
6%
3%
21%
80%
15%
5%
42%
16%

345.5
24.5
100%
97%
0
75%
11%
14%
39%
22%
14%
25%
33%
11%
44%
44%
47%
53%
33%
69%
6%
0
86%
36%
19%
67%
11%
8%
14%
61%
28%
11%
33%
8%

Trial methodology

Number of intervention groups

Data analysis and reporting

Control group
Intention to treat used
Intention to treat claimedc
LOCFd
Data imputatione
Data reportingf

Results reportingf
Uncertainty reportingf,h

Results and conclusions

Conclusion

Primary outcome compositef

0
1
2
3 or more
2
3
4
5 or more
Active control

Raw (counts, means)
Percent
Absolute change
Relative risk
NNTg
p-Value
Confidence interval
Standard deviation
Favorable
Neutral
Not favorable
Unknown
Favorable
Not favorable
Unknown

Adverse event table
Equivalence outcomef

(15–2421)
(1–205)
(163/164)
(155/164)
(1/164)
(122/164)
(23/164)
(18/164)
(66/164)
(39/164)
(26/164)
(33/164)
(84/164)
(23/164)
(74/141)
(57/164)
(67/164)
(115/163)
(74/163)
(86/163)
(7/163)
(132/163)
(73/163)
(59/163)
(114/164)
(11/164)
(7/164)
(32/164)
(124/163)
(29/163)
(10/163)
(66/164)
(23/163)

(15–2421)
(1–199)
(127/128)
(120/128)
(1/128)
(95/128)
(19/128)
(13/128)
(52/128)
(31/128)
(21/128)
(24/128)
(72/128)
(19/128)
(58/109)
(41/128)
(50/128)
(96/127)
(62/127)
(61/127)
(5/127)
(101/127)
(60/127)
(52/127)
(90/128)
(7/128)
(4/128)
(27/128)
(102/127)
(19/127)
(6/127)
(54/128)
(20/127)

(32–1522)
(1–205)
(36/36)
(35/36)
(27/36)
(4/36)
(5/36)
(14/36)
(8/36)
(5/36)
(9/36)
(12/36)
(4/36)
(16/36)
(16/36)
(17/36)
(19/36)
(12/36)
(25/36)
(2/36)
(31/36)
(13/36)
(7/36)
(24/36)
(4/36)
(3/36)
(5/36)
(22/36)
(10/36)
(4/36)
(12/36)
(3/36)

a

Percentages may not add up to 100 as percentages of 0.5 were rounded up.
Two were reported as ‘‘in press.’’
c
Analyzed for only those trials in which intention to treat (ITT) was not used, identifying those trials that claimed use of ITT but did not actually use ITT as defined in our methods (see Box 1).
d
LOCF ¼ Last Observation Carried Forward.
e
Includes those trials that used LOCF.
f
There was one trial for which no primary outcome was reported. Thus, this trial had no numerical reporting of data and the denominator is 163 for the categories of data, results and
uncertainty reporting, primary outcome composite, and equivalence outcome.
g
NNT ¼ number needed to treat.
h
The choices for uncertainty reporting were not mutually exclusive. Trials often reported uncertainty in more than one way (for example, many gave the confidence interval and the p
value for each outcome). Therefore the sum of these fields is greater than 164.
doi:10.1371/journal.pmed.0050217.t001
b

Table 2. Predictors of Publication: Univariate and Bivariate Analysis
Type of Analysis

Predictor

OR (95% CI)

p-Value

Univariate

Sample size  median (median ¼ 405a)
Number of sites  median (median ¼ 32)
Active control (versus placebo only)
Favorable primary outcome composite
Favorable conclusion
Active control (versus placebo only)
Favorable primary outcome composite

0.78
0.35
2.84
4.32
2.47
3.37
4.77

0.60
0.088
0.036
0.028
0.17
0.047
0.018

Bivariate

(0.31–2.0)
(0.10–1.18)
(1.08–7.51)
(1.18–15.76)
(0.66–9.32)
(1.02–11.22)
(1.33–17.06)

a

Differs from Table 1 because of exclusion of two papers in press.
doi:10.1371/journal.pmed.0050217.t002
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Table 3. Numbers of Trials with Discrepancies Concerning Data Analysis and Reporting Between the NDAs and the Published Trials
Data Analysis and
Reporting Category

Subcategory

Intention to treat used
Intention to treat claimed
LOCF
Data imputation
Data reporting

Raw data (counts or means)
Percents
Absolute change
Relative risk
NNT
p-Value
Confidence interval
Standard deviation

Results reporting
Uncertainty reporting

Adverse event table
Equivalence outcome

Reported in NDA,
Not Papera

Reported in Paper,
Not NDAa

p-Valueb

8
16
10
15
35
12
9
4
0
3
23
13
19
4

10
13
11
16
2
1
1
8
0
15
11
14
45
3

0.81
0.71
1.0
1.0
,0.0001
0.0034
0.021
0.39
—
0.0075
0.058
1.0
0.0016
1.0

a

Total number of NDA-publication pairs is 126; tallies not shown are concordant.
Exact two-sided McNemar test.
doi:10.1371/journal.pmed.0050217.t003
b

data. We found evidence of both lack of publication and
selective reporting of data. Seventy-eight percent of the trials
submitted to the FDA were published, and trials with active
controls or statistically signiﬁcant outcomes favoring the test
drug were more likely to be published. In a multivariate
model, trials with favorable primary outcomes (OR ¼ 4.7, 95%
CI 1.33 to 17.1, p ¼ 0.018) and active controls (OR ¼ 3.4, 95%
CI 1.02 to 11.2, p ¼ 0.047) were more likely to be published. In
addition, reporting sometimes differed between trials as they
were described in FDA reviews and their corresponding
publications. These changes included the addition or deletion
of outcomes, changes in statistical signiﬁcance of reported
outcomes, and changes in overall trial conclusions. Papers
included 155 outcomes that were also in the NDAs, 15
additional outcomes that favored the test drug, and two other
neutral or unknown additional outcomes. Excluding outcomes with unknown signiﬁcance, there were 43 outcomes in
the NDAs that did not favor the NDA drug. Of these, 20 (47%)
were not included in the papers. The statistical signiﬁcance of
ﬁve of the remaining 23 outcomes (22%) changed between
the NDA and the paper, with four changing to favor the test
drug in the paper (p ¼ 0.38). Excluding unknowns, 99
conclusions were provided in both NDAs and papers, nine
conclusions (9%) changed from the FDA review of the NDA

0.0039). Including the unknowns, 35 of 36 that changed did so
to favor the test drug (p , 0.0001).
The changes in statistical signiﬁcance of outcomes and
conclusions were too few to permit a meaningful investigation of predictors.

Characteristics of Publications
Peer review was conﬁrmed for 93% (117/126) of publications, was conﬁrmed as not done for 3% (4/126) of
publications, and was unknown for the other ﬁve. Most
publications (n ¼ 102) were in journals that had an impact
factor, with a median of 4.14 (range 0.85–34.83). Reporting of
conﬂicts of the individual authors varied, with 57% (72/126)
reporting only whether authors were employees of companies,
and 7% (9/126) not reporting conﬂicts at all. Only 4% (5/126)
speciﬁcally stated that the authors did not have any conﬂicts.
At least one author was afﬁliated with industry in 80% (101/
126), and all authors were reported as afﬁliated with industry
in 15% (19/126) of publications. The majority of publications
(77%, 97/126) reported funding, at least in part, by industry.

Discussion
Publication bias can occur in several ways, including not
publishing data at all, selectively reporting data, or framing

Table 4. Numbers of Primary Outcomes with Concordance or Changes in Reporting from NDA to Publication
Statistical Significance
in Paper

Statistical Significance in NDA
Favor Test Drug

Not Statistically Significant

Favor Comparator

Unknown

Not in NDA

Favor test drug
Not statistically significant
Favor comparator
Unknown
Not in paper
Total for NDA

108
0
0
0
15
123

3
17
1
0
14
35

1
0
1
0
6
8

5
0
1
1
6
13

15
1
0
1
0
17

Total for
Paper
132
18
3
2
41
196

doi:10.1371/journal.pmed.0050217.t004
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Table 5. Numbers of Trials with Concordance or Changes in Reporting of Conclusion from NDA to Publication
Conclusion in Paper

Favor test drug
Neutral
Favor comparator
Unknown
Total for NDA

Conclusion in NDA

Total for Paper

Favor Test Drug

Neutral

Favor Comparator

Unknown

89
0
0
0
89

5
1
0
0
6

4
0
0
0
4

25
2
0
0
27

123
3
0
0
126

doi:10.1371/journal.pmed.0050217.t005

sponsor in order to improve the results or changes in analysis
due to criticism by the FDA of the initial analysis used. We
could not investigate predictors of change to more favorable
results because almost all of the results started out as
favorable, therefore leaving only a small subset of results
that could change to more favorable reporting in the
publication. Another limitation was the quality of our data
sources from the FDA. Although clinical trial data submitted
to the FDA are publicly available, they are not in a format
that is easily accessible, and the documents are often
incomplete. Trials that are included in the efﬁcacy or safety
analysis are not clearly indicated. They could, for example, be
listed in a table. In addition, the data are available only in the
FDA review, and not as originally submitted by the sponsor.
Thus, the primary outcomes as identiﬁed in the FDA review
could differ from those listed in the original trial protocol.
Lastly, it is possible that sponsors may not submit all their
data to the FDA.
The goal of this study was to determine whether information that is available to the FDA is readily accessible to
clinicians, and whether it is presented in the same way. As we
hypothesized, not all data submitted to the FDA in support of
a new drug approval were published, and there were
discrepancies between original trial data submitted to the
FDA and data found in published trials. Thus, the information that is readily available in the scientiﬁc literature to
health care professionals is incomplete and potentially
biased.

to the paper, and all nine did so to favor the test drug (100%,
95% CI 72% to 100%, p ¼ 0.0039). All of these changes in
reporting led to more favorable presentations of the NDA
drug in the published articles.
Our ﬁndings extend those of others by demonstrating that
reporting bias occurs across a variety of drug categories and
that statistical signiﬁcance of reported primary outcomes
sometimes changes to give a more favorable presentation in
the publications [10–12]. These changes occur primarily in
peer-reviewed, moderate impact factor journals that disclose
funding sources and other ﬁnancial ties. Thus, publication of
trial data in peer-reviewed publications appears to be
inadequate, supporting the need for reporting of full
protocols and ﬁndings in a trial registry [31–34]. There have
been several advances in trial registration, including The
World Health Organization International Clinical Trials
Registry Platform, a US register (http://www.clinicaltrials.
gov), and the International Committee of Journal Editors
requirement for pre-registration of all trials published in
participating journals from late 2005, and the FDA Amendments Act requirements for study results posting. Our
ﬁndings suggest that these registries should contain, at a
minimum, full reporting of results for all primary outcomes
that are reported for trials submitted for regulatory approval.
Responses from investigators to our inquiries about
unpublished studies suggest that studies were not published
because they were not submitted to journals. Several other
studies, based on self-reports from authors with unpublished
studies, suggest that authors’ decisions not to submit manuscripts account for the majority of unpublished studies
[2,7,8,35]. A prospective cohort study of 1107 manuscripts
submitted to three major medical journals found that having
statistically signiﬁcant results did not improve the chance of a
study being published, although studies of higher methodological rigor were more likely to be published [36]. In our
opinion, investigators have an ethical obligation to submit
the results of their research for publication.
Our study has several limitations. We were unable to
determine why results were changed from the FDA review of
the trial in the NDA to publication. Possible explanations for
changes in the primary outcome(s) include: there was a
problem with the measurement of the primary outcome as
identiﬁed by the sponsor or the FDA; the primary outcome as
submitted to the FDA did not have a favorable result; or the
primary outcome was criticized by the FDA. Changes in the
reporting of the signiﬁcance of primary outcome(s) may have
been due to either changes in analysis initiated by the
PLoS Medicine | www.plosmedicine.org
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Found at doi:10.1371/journal.pmed.0050217.st001 (78 KB DOC).

Acknowledgments
We thank Jennifer Knaebel and Emile Shariﬁ for coding data; Michael
Kohn for assistance with database development; Barbara Grimes and
Chengshi Jin for running statistical analyses; Erika Campbell for
administrative assistance; and Kirby Lee, Peter Lurie, Michael
Steinman, Alexander Tsai, Daniel Lowenstein, and Peter Chin-Hong
for commenting on the manuscript.
Author contributions. KR contributed to the design, acquisition of
data, analysis and interpretation of data, drafting of the manuscript,
critical revision of the manuscript, and obtaining fellowship funding.
PB contributed to the analysis and interpretation of data, critical
revision of manuscript, and statistical analysis. LB contributed to the
conception and design, acquisition of data, analysis and interpretation of data, drafting of manuscript, critical revision of manuscript,
administrative support, and supervision.
1568

November 2008 | Volume 5 | Issue 11 | e217

Reporting Bias in Drug Trials
References
1. Simes RJ (1986) Publication bias: the case for an international registry of
clinical trials. J Clin Oncol 4: 1529–1541.
2. Dickersin K (1990) The existence of publication bias and risk factors for its
occurrence. JAMA 263: 1385–1389.
3. Misakian AL, Bero LA (1998) Publication bias and research on passive
smoking: comparison of published and unpublished studies. JAMA 280:
250–253.
4. Ioannidis JP (1998) Effect of the statistical signiﬁcance of results on the
time to completion and publication of randomized efﬁcacy trials. JAMA
279: 281–286.
5. Ioannidis JP (2005) Why most published research ﬁndings are false. PLoS
Med 2:: 0101–0106. doi:10.1371/journal.pmed.0020124
6. Dickersin K (1987) Reference bias in reports of drug trials. Br Med J (Clin
Res Ed) 295: 1066–1067.
7. Dickersin K, Chan S, Chalmers TC, Sacks HS, Smith H Jr (1987) Publication
bias and clinical trials. Control Clin Trials 8: 343–353.
8. Easterbrook P, Berlin J, Gopalan R, Matthews D (1991) Publication bias in
clinical research. Lancet 337: 867–872.
9. Hemminki E (1980) Study of information submitted by drug companies to
licensing authorities. BMJ 280: 833–836.
10. Chan AW, Krleza-Jeric K, Schmid I, Altman DG (2004) Outcome reporting
bias in randomized trials funded by the Canadian Institutes of Health
Research. CMAJ 171: 735–740.
11. Melander H, Ahlqvist-Rastad J, Meijer G, Beermann B (2003) Evidence
b(i)ased medicine–selective reporting from studies sponsored by pharmaceutical industry: review of studies in new drug applications. BMJ 326:
1171–1173.
12. Turner EH, Matthews AM, Linardatos E, Tell RA, Rosenthal R (2008)
Selective publication of antidepressant trials and its inﬂuence on apparent
efﬁcacy. N Engl J Med 358: 252–260.
13. Chan AW, Hrobjartsson A, Haahr MT, Gotzsche PC, Altman DG (2004)
Empirical evidence for selective reporting of outcomes in randomized
trials: comparison of protocols to published articles. JAMA 291: 2457–2465.
14. MacLean CH, Morton SC, Ofman JJ, Roth EA, Shekelle PG (2003) How
useful are unpublished data from the Food and Drug Administration in
meta-analysis? J Clin Epidemiol 56: 44–51.
15. [No author listed] (2007) Drugs@FDA: Glossary of Terms. Available: http://
www.fda.gov/cder/drugsatfda/glossary.htm#N. Accessed 7 June 2007.
16. CDER Drug and Biologic Approval Reports. Available: http://www.fda.gov/
cder/rdmt/. Accessed 7 June 2007.
17. Berlin JA (1997) Does blinding of readers affect the results of metaanalyses? University of Pennsylvania Meta-analysis Blinding Study Group.
Lancet 350: 185–186.
18. Clark HD, Wells GA, Huet C, McAlister FA, Salmi LR, et al. (1999) Assessing
the quality of randomized trials: reliability of the Jadad scale. Control Clin
Trials 20: 448–452.
19. Jadad AR, Moore RA, Carroll D, Jenkinson C, Reynolds DJ, et al. (1996)
Assessing the quality of reports of randomized clinical trials: is blinding
necessary? Control Clin Trials 17: 1–12.

PLoS Medicine | www.plosmedicine.org

20. Chalmers TC, Block JB, Lee S (1972) Controlled studies in clinical cancer
research. N Engl J Med 287: 75–78.
21. Colditz GA, Miller JN, Mosteller F (1989) How study design affects
outcomes in comparisons of therapy. I: Medical. Stat Med 8: 441–454.
22. Schulz KF, Chalmers I, Hayes RJ, Altman DG (1995) Empirical evidence of
bias. Dimensions of methodological quality associated with estimates of
treatment effects in controlled trials. JAMA 273: 408–412.
23. Rochon PA, Gurwitz JH, Simms RW, Fortin PR, Felson DT, et al. (1994) A
study of manufacturer-supported trials of nonsteroidal anti-inﬂammatory
drugs in the treatment of arthritis. Arch Intern Med 154: 157–163.
24. Safer DJ (2002) Design and reporting modiﬁcations in industry-sponsored
comparative psychopharmacology trials. J Nerv Ment Dis 190: 583–592.
25. Djulbegovic B, Lacevic M, Cantor A, Fields KK, Bennett CL, et al. (2000)
The uncertainty principle and industry-sponsored research. Lancet 356:
635–638.
26. Johansen HK, Gotzsche PC (1999) Problems in the design and reporting of
trials of antifungal agents encountered during meta-analysis. JAMA 282:
1752–1759.
27. Cho MK, Bero LA (1996) The quality of drug studies published in
symposium proceedings. Ann Intern Med 124: 485–489.
28. Bekelman JE, Li Y, Gross CP (2003) Scope and impact of ﬁnancial conﬂicts
of interest in biomedical research: a systematic review. JAMA 289: 454–465.
29. Lexchin J, Bero LA, Djulbegovic B, Clark O (2003) Pharmaceutical industry
sponsorship and research outcome and quality: systematic review. BMJ 326:
1167–1170.
30. Levine J, Gussow J, Hastings D, Eccher A (2003) Authors’ ﬁnancial
relationships with the food and beverage industry and their published
positions on the fat substitute Olestra. Am J Public Health 93: 664–669.
31. [No authors listed (2008) Clinical Trials Registry Legislation. Available:
http://opa.faseb.org/pdf/July - Dec 2007/Clinical Trials Registry
Legislation-3580.pdf. Accessed 18 January 2008.
32. World Health Organization (2008) International Clinical Trials Registry
Platform (ICTRP): Results Reporting. Available: http://www.who.int/ictrp/
results/en/. Accessed 18 January 2008.
33. [NO authors listed] (2008) Law Strengthens FDA. Available: http://www.fda.
gov/oc/initiatives/advance/fdaaa.html. Accessed 18 January 2008.
34. Maine CDC (2008) Clinical Trials. Available: http://www.maine.gov/dhhs/
boh/clinical_trials.htm. Accessed 18 January 2008.
35. Dickersin K, Min YI, Meinert CL (1992) Factors inﬂuencing publication of
research results. Follow-up of applications submitted to two institutional
review boards. JAMA 267: 374–378.
36. Lee KP, Boyd EA, Holroyd-Leduc JM, Bacchetti P, Bero LA (2006) Predictors
of publication: characteristics of submitted manuscripts associated with
acceptance at major biomedical journals. Med J Aust 184: 621–626.
37. Higgins J, Green Seditors (2006) Intention to Treat Issue, Cochrane
Handbook for Systematic Reviews of Interventions 4.2.6 [updated
September 2006]; Section 8.4. In: The Cochrane Library, Issue 4, 2006.
Chichester, UK: John Wiley & Sons, Ltd.
38. Institute for Scientiﬁc Information (2007) Science Citation Index: Journal
Citation Reports. Available: http://scientiﬁc.thomson.com/products/jcr/.
Accessed July 2007.

1569

November 2008 | Volume 5 | Issue 11 | e217

Reporting Bias in Drug Trials

Editors’ Summary
Background. All health-care professionals want their patients to have
the best available clinical care—but how can they identify the optimum
drug or intervention? In the past, clinicians used their own experience or
advice from colleagues to make treatment decisions. Nowadays, they
rely on evidence-based medicine—the systematic review and appraisal
of clinical research findings. So, for example, before a new drug is
approved for the treatment of a specific disease in the United States and
becomes available for doctors to prescribe, the drug’s sponsors (usually a
pharmaceutical company) must submit a ‘‘New Drug Application’’ (NDA)
to the US Food and Drug Administration (FDA). The NDA tells the story of
the drug’s development from laboratory and animal studies through to
clinical trials, including ‘‘efficacy’’ trials in which the efficacy and safety of
the new drug and of a standard drug for the disease are compared by
giving groups of patients the different drugs and measuring several key
(primary) ‘‘outcomes.’’ FDA reviewers use this evidence to decide
whether to approve a drug.

drug, only half were included in the papers; for five of the reported
primary outcomes, the statistical significance differed between the NDA
and the paper and generally favored the test drug in the papers. Finally,
nine out of 99 conclusions differed between the NDAs and the papers;
each time, the published conclusion favored the test drug.
What Do These Findings Mean? These findings indicate that the results
of many trials of new drugs are not published 5 years after FDA approval
of the drug. Furthermore, unexplained discrepancies between the data
and conclusions in NDAs and in medical journals are common and tend
to paint a more favorable picture of the new drug in the scientific
literature than in the NDAs. Overall, these findings suggest that the
information on the efficacy of new drugs that is readily available to
clinicians and patients through the published scientific literature is
incomplete and potentially biased. The recent introduction in the US and
elsewhere of mandatory registration of all clinical trials before they start
and of mandatory publication in trial registers of the full results of all the
predefined primary outcomes should reduce publication bias over the
next few years and should allow clinicians and patients to make fully
informed treatment decisions.

Why Was This Study Done? Although the information in NDAs is
publicly available, clinicians and patients usually learn about new drugs
from articles published in medical journals after drug approval.
Unfortunately, drug sponsors sometimes publish the results only of
the trials in which their drug performed well and in which statistical
analyses indicate that the drug’s improved performance was a real effect
rather than a lucky coincidence. Trials in which a drug did not show a
‘‘statistically significant benefit’’ or where the drug was found to have
unwanted side effects often remain unpublished. This ‘‘publication bias’’
means that the scientific literature can contain an inaccurate picture of a
drug’s efficacy and safety relative to other therapies. This may lead to
clinicians preferentially prescribing newer, more expensive drugs that are
not necessarily better than older drugs. In this study, the researchers test
the hypothesis that not all the trial results in NDAs are published in
medical journals. They also investigate whether there are any discrepancies between the trial data included in NDAs and in published articles.

Additional Information. Please access these Web sites via the online
version of this summary at http://dx.doi.org/10.1371/journal.pmed.
0050217.
 This study is further discussed in a PLoS Medicine Perspective by
An-Wen Chan
 PLoS Medicine recently published a related article by Ida Sim and
colleagues: Lee K, Bacchetti P, Sim I (2008) Publication of clinical trials
supporting successful new drug applications: A literature analysis.
PLoS Med 5: e191. doi:10.1371/journal.pmed.0050191
 The Food and Drug Administration provides information about drug
approval in the US for consumers and for health-care professionals;
detailed information about the process by which drugs are approved
is on the Web site of the FDA Center for Drug Evaluation and Research
(in English and Spanish)
 NDAs for approved drugs can also be found on this Web site
 The ClinicalTrials.gov Web site provides information about the US
National Institutes of Health clinical trial registry, background
information about clinical trials, and a fact sheet detailing the
requirements of the FDA Amendments Act 2007 for trial registration
 The World Health Organization’s International Clinical Trials Registry
Platform is working toward setting international norms and standards
for the reporting of clinical trials (in several languages)

What Did the Researchers Do and Find? The researchers identified all
the efficacy trials included in NDAs for totally new drugs that were
approved by the FDA in 2001 and 2002 and searched the scientific
literature for publications between July 2006 and June 2007 relating to
these trials. Only three-quarters of the efficacy trials in the NDAs were
published; trials with favorable outcomes were nearly five times as likely
to be published as those without favorable outcomes. Although 155
primary outcomes were in both the papers and the NDAs, 41 outcomes
were only in the NDAs. Conversely, 17 outcomes were only in the papers;
15 of these favored the test drug. Of the 43 primary outcomes reported
in the NDAs that showed no statistically significant benefit for the test
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