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Phase III randomized, clinical trials (RCTs) are designed to
detect or exclude clinically important differences between
experimental and control groups in end points that reﬂect
beneﬁt to patients [1]. Such trials provide the gold standard to
evaluate the efﬁcacy and toxicity of new drugs before approval
by regulatory authorities [2, 3].
Appropriate design and objective reporting of RCTs in
journals are essential to inform clinicians about the activity
and safety of new medical interventions. It is good practice to
design RCTs with no more than three outcomes for which
hypothesis testing is planned [4]. Otherwise multiple
signiﬁcance testing may lead to apparently signiﬁcant results
that occur by chance. These outcomes should normally include
at least one end point reﬂecting potential beneﬁt and at least
one reﬂecting potential harm (e.g. grade 3 and 4 adverse
events). Reviews have shown that a substantial proportion of
clinical trials have suboptimal reporting of harm—a large
number of trials have shown deﬁciency in the report of
toxicity, especially severe toxicity, graded as 3 and 4 [5].
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Guidelines such as Consolidated Standards of Reporting Trials
can improve the quality of reporting of clinical trials [6].
Bias in reporting of clinical trials and selective publication
can create false perceptions of drug efﬁcacy and safety. There is
evidence for selective reporting of favorable results and
suppression of unfavorable data from publication, leading to
inappropriate conclusions [2, 7]. This may be inﬂuenced by
publication bias—the association between positive results and
acceptance of reports for publication [4, 8]. Selection bias can
affect not only the interpretation of the trial itself but also the
interpretation of subsequent systematic reviews or overviews,
producing inaccurate summaries of research [2, 9] and
misrepresentation of toxicity [10]. Reporting of harms may be
viewed as discrediting the reporting of beneﬁts.
Spin, a type of bias, is deﬁned as use of reporting strategies
to highlight that the experimental treatment is beneﬁcial,
despite a statistically non-signiﬁcant difference in the primary
outcome, or to distract the reader from statistically nonsigniﬁcant results [11]. It is important to recognize the
presence of bias and spin in reports of clinical trials, and to
evaluate their importance when placing a RCT in context and
ascribing a level of credibility [12].
Here, we review the papers reporting RCTs for breast cancer
to quantify the extent of biased reporting, and to guide readers
in judging the credibility of their conclusions. Because busy
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reﬂect beneﬁt to patients. Here, we evaluate the quality of reporting of the primary end point (PE) and of toxicity in RCTs
for breast cancer.
Methods: PUBMED was searched from 1995 to 2011 to identify RCTs for breast cancer. Bias in the reporting of the
PE and of toxicity was assessed using pre-designed algorithms. Associations of bias with the Journal Impact Factor
(JIF), changes in the PE compared with information in ClinicalTrials.gov and funding source were evaluated.
Results: Of 164 included trials, 33% showed bias in reporting of the PE and 67% in the reporting of toxicity. The PE
was more likely to be reported in the concluding statement of the abstract when signiﬁcant differences favoring the
experimental arm were shown; 59% of 92 trials with a negative PE used secondary end points to suggest beneﬁt of
experimental therapy. Only 32% of articles indicated the frequency of grade 3 and 4 toxicities in the abstract. A positive
PE was associated with under-reporting of toxicity.
Conclusion: Bias in reporting of outcome is common for studies with negative PEs. Reporting of toxicity is poor,
especially for studies with positive PEs.
Key words: bias, breast cancer, clinical trials, methodology
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Background: Phase III randomized, clinical trials (RCTs) assess clinically important differences in end points that
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clinicians often read only the abstracts of publications [13], we
have emphasized accurate reporting of the primary endpoint
(PE) and toxicity in the abstract. We hypothesized that despite
the availability of guidelines to minimize bias in reporting, this
remains prevalent.

For recent trials, we also explored whether the PE listed in the trial
registry ClinicalTrials.gov was the same as that reported in abstracts or
papers reporting the same trial. We initially searched articles for any
reference to trial registration. For those not reporting such data, we
manually searched the ClinicalTrials.gov database for trial-related
information.
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The following data were extracted independently from each RCT by two
authors (FV and RS): setting of treatment (adjuvant versus metastatic),
sponsorship (industry versus non-industry or not stated), year of
publication, impact factor of the journal where the trial was published (as a
continuous variable), the primary and secondary end points [overall
survival (OS), progression-free survival (PFS), disease-free survival (DFS),
response rate, toxicity or quality of life], whether the PE was deﬁned in the
abstract and/or in the paper and whether the secondary end points were
reported in the abstract and in the paper. If data on PFS or DFS were not
reported, similar end points such as time to progression, time-to-treatment
failure or event-free survival were extracted instead. For papers with more
than two arms, the assessment of efﬁcacy was not considered if at least one
arm was positive (see Figure 1); if all were negative, it was included for
analysis. For toxicity, all trials were included regardless of the number of
study arms. The journal impact factor (JIF) was extracted from the Gerstein
Science Information Center of the University of Toronto through the Web
of Science (Host:BIOSIS) and was retrieved from the Journal Citation
reports up to 2012.

rC

data extraction and analysis

statistical analysis
Data were presented descriptively as means or medians. Predictors of bias
were assessed by the chi-squared test and by univariable logistic regression
(categorical variables) or univariable linear regression (continuous
variables). Correlations between variables were tested using Spearman’s
correlation and the magnitude of association was assessed as described by
Burnand et al. [14]. All statistical analyses were conducted using SPSS
statistical software version 17 (IBM Corp, Arkmon, New York). All
signiﬁcance tests were two-sided using an alpha level of 0.05. No correction
was applied for multiple statistical testing.

results

Figure 1. Decision tree for assessment of reporting of the primary end
point in the concluding statement of the abstract. PE, primary end point;
SE, secondary end point.
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A total of 568 articles were identiﬁed initially and 164 RCTs
(148 for systemic therapy, 11 for radiation therapy and 5 for
surgical therapy) were eligible for analysis (Figure 3). The
characteristics of the trials are reported in Table 1. Eighty-one
trials (49.4%) were conducted in the adjuvant setting and 83
(50.6%) evaluated experimental therapy for women with
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We carried out an electronic search of MEDLINE (Host: PubMed) for
publications from January 1995 to August 2011 using the following MeSH
terms: randomized clinical trial, RCT, Phase III and breast neoplasms or
breast cancer. The inclusion criteria were human studies published in
English and including patients aged ≥18 years. We excluded trials with
sample size less than 200 patients as they were unlikely to be deﬁnitive
studies and more likely to have higher levels of bias. Furthermore, the focus
of this study was to assess reporting of clinical trials that potentially change
clinical practice. Other exclusion criteria included trials where the PE was
not a time to event end point, commentaries, review articles, observational
studies, meta-analyses, ongoing studies and articles for which only the
abstract was available.

The primary analysis included the assessment of the prevalence of bias and
spin in reporting the PE of the study, and in reporting toxicity; the
secondary analysis evaluated predictors of bias and spin.
Bias was deﬁned as inappropriate reporting of the PE and toxicity, with
emphasis on reporting of these outcomes in the abstract. A decision tree
was used to assess whether the PE was reported with bias, and whether a
secondary end point was used to imply beneﬁt of the experimental arm
(Figure 1). Studies where multiple PEs were reported and where at least
one end point was positive were not considered for assessment of bias.
Bias in reporting of toxicity was assessed using a hierarchy scale from 1
(excellent) to 7 (very poor) to indicate whether reporting of grade 3 and 4
toxicities occurred in the concluding statement of the abstract, elsewhere in
the abstract, in the results section of the paper, only in a table or not at all,
with lower scores if they were also included in the discussion section of the
paper (Figure 2). We deﬁned reporting of grade 3 and 4 toxicities as poor if
they were not mentioned in the abstract (scale of 5–7 in our hierarchy),
and good (scale 1–2) if they were mentioned in the concluding statement
of the abstract. When there were no statistically signiﬁcant differences in
toxicity, a general statement in the abstract was deemed to be sufﬁcient;
when statistically signiﬁcant differences were seen, it was expected that they
would be reported in the abstract.
Spin was deﬁned as the use of words in the concluding statement of the
abstract to suggest that a trial with a negative PE was positive based on
some apparent beneﬁts shown in one or more secondary end points.
Predictors of bias included the impact of source of funding on reporting
of the PE, the relationship between the quality of reporting of the PE and
of toxicity and the frequency of a change in the PE from the original
protocol (when this could be obtained from ClinicalTrials.gov) to a
published paper. Also whether the JIF, setting of the trial (adjuvant versus
metastatic), deﬁnitive versus surrogate end point (e.g. OS compared with
PFS or DFS) and modiﬁcation of the PE inﬂuenced the prevalence of bias
or spin.
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Figure 2. Hierarchy scale for reporting of adverse events. Not R, not eported in results table; Not D, not reported in discussion; Not A, not reported in
abstract; Not C, not reported in concluding statement; R, reported in results table; D, reported in discussion; A, reported in abstract; C, reported in
concluding statement.
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metastatic breast cancer. OS was the PE in only 27 trials
(16.5%) and DFS or PFS was the PE in 137 studies (83.5%).
Only 30 trials (18%) were identiﬁed as included in
ClinicalTrials.gov. Among these studies, the PE was changed in
the ﬁnal report in seven (23.3%) studies. Seventy-two (43.9%)
studies were positive with a signiﬁcant P-value for the
difference in primary endpoint favoring the experimental arm
compared with 92 (56.1%) with a non-signiﬁcant P-value. The
majority, 150 trials (91.4%), were published in medium or high
impact journals; the calculated median impact factor was 19.
Bias in reporting efﬁcacy (Spearman’s rho = 0.27 and chisquared P = 0.30) and toxicity (Spearman’s rho = 0.46 and chisquared P = 0.06) were not inﬂuenced by date of publication.

bias in the reporting of the primary end point
Fifty-four trials (32.9% of the total sample) were reported as
positive, based on a non-PE, despite not ﬁnding a statistically
signiﬁcant difference in the PE. These reports were biased and
used spin in an attempt to conceal that bias. When assessing
only those reports with a non-signiﬁcant difference in the PE
between the arms (N = 92), the incidence of this bias increased
to 59.0%. Compared with studies with a statistically signiﬁcant
difference between arms in the PE, studies with a nonsigniﬁcant difference showed a statistically signiﬁcant
association with not reporting the PE in the concluding
statement of the abstract (27% versus 7%, OR = 5.15, 95%
CI = 1.86–14.26, P = 0.001. Compared with studies where the
PE did not change, there was a trend for trials with a change of

PE to report a statistically signiﬁcant difference for (the new)
PE (OR = 2.29, 95% CI = 0.37–14.32, P = 0.47). There was no
association between the JIF and bias (Spearman’s rho = −0.10,
P = 0.20).
There were no apparent differences in the probability of bias
in trials conducted in the adjuvant or metastatic settings (Chisquared P = 0.146). There was also no association between bias
and the type of PE, (OS versus DFS or PFS, chi-squared
P = 0.23).

bias in reporting of toxicity
A total of 110 (67.1%) papers met our deﬁnition of biased
reporting of toxicity. Distribution of bias according to the
hierarchy scale is reported in Table 2. There was a statistically
signiﬁcant association between biased reporting of toxicity and
observation of a statistically signiﬁcant difference in the arms
for the PE (OR = 2.00, 95% CI = 1.02–3.94, P = 0.044). There
was no association between biased reporting of toxicity and
biased reporting of efﬁcacy (chi-squared P = 0.43), or with
change of the PE (OR = 0.58, 95% CI = 0.1–3.2, P = 0.17). The
JIF was not associated with biased reporting of toxicity
(Spearman’s rho = −0.153 Chi squared P = 0.73). Bias in the
reporting of toxicity was signiﬁcantly associated with the use of
OS as the PE (OR = 3.30, 95% CI = 1.1–10.1, P = 0.028).
Reporting of toxicity was not inﬂuenced by the setting of the
trial (adjuvant versus metastatic, OR = 1.68, 95% CI = 0.9 to
3.3, P = 0.12).
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Figure 3. Flow diagram illustrating selection of articles for analysis.

inﬂuence of funding on results
Funding from industry partners was reported in 103 (62.8%)
studies, 32 (19.5%) studies were funded by academic or
governmental grants and in 29 (17.7) studies the source of
funding was not stated. Three studies reported this in the
abstract [15–17], while all others reported this information in
the body of the manuscript. Success in ﬁnding a signiﬁcant
difference between the arms for the PE and bias in the reporting
of this end point were not inﬂuenced by source of funding (chisquared P = 0.78 and P = 0.71, respectively). Similarly, industry
funding was not associated with biased reporting of toxicity
(chi-squared P = 0.71). There was no effect of industry funding

 | Vera-Badillo et al.

on odds of change in the PE (OR = 3.20, CI = 0.3–31.4,
P = 0.41). There was a signiﬁcant, but weak association between
funding from the industry and higher JIF of the published study
(Spearman’s rho = 0.39 and chi-squared P = 0.05).

discussion
Several papers have evaluated the frequency and characteristics
of bias in the reporting of efﬁcacy [3, 4, 18–21], but these
reports have tended to focus on heterogeneous medical
conditions and not on cancer clinical trials. Furthermore, there
are limited data in the literature about bias in the reporting of
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Table 1. Characteristics of trials
All reports (n = 164)
72 (43.90)
92 (56.10)
137 (83.5)
27 (16.5)
81 (49.4)
83 (50.6)

m

61 (37.20)
103 (62.80)
7 (4.2)
23 (14)
134 (81.8)
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Number of trials
N = 164

%

Positive PE
(%)

Negative PE
(%)

1
2
3
4
5
6
7

17
7
20
10
21
55
34

10
4
12
6
13
34
21

7 (4)
2 (1)
4 (2)
5 (3)
11 (7)
31 (19)
12 (7)

10 (6)
5 (3)
16 (10)
5 (3)
10 (6)
24 (15)
22 (13)
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hierarchy scale
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Table 2. Distribution of bias in reporting toxicity

Higher numbers and shaded area refer to poor reporting of toxicity.
PE, primary end point.
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toxicity [11]. Here, we have explored the frequency of bias in
reporting of efﬁcacy and toxicity in randomized trials
evaluating treatments of breast cancer. We focus our research
on breast cancer, given that it is the most common malignancy
in women, has substantial mortality [22] and is a cancer site
with a large number of trials.
The objective of a phase III RCT is to detect or exclude
differences in end points that will reﬂect beneﬁt to patients.
The chosen end points should be measures of patient beneﬁt
(i.e. improved efﬁcacy or better safety and tolerability). OS is
the gold standard for the assessment of beneﬁt: it is
unambiguous and is not subject to investigator interpretation
[23]. PFS or DFS may be suitable end points if these measures
are valid surrogates for OS [24], or possibly in trials where
there is a high rate of cross-over to the experimental arm
which confounds interpretation of OS. For women with breast
cancer, neither DFS nor PFS have been shown to be adequate
surrogates for OS [25, 26] but 83.5% of our cohort of trials
used these end points.
Bias in the reporting of the PE was prevalent, especially
when statistical signiﬁcance of the difference in the PE between
the arms was not found. You et al. [27] evaluated reports of
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Difference in primary end point between arms
Signiﬁcant
Non–signiﬁcant
PE
DFS or PFS
OS
Setting
Adjuvant
Metastatic
Funding
Not industry or not stated
Industry
ClinicalTrials.gov
PE changed
PE not changed
Protocol N/A

RCTs published between 2005 and 2009, and found that there
was misinterpretation of the PE in 21.6% of the trials; this
included non-signiﬁcance in a superiority trial interpreted as
showing treatment equivalence, study conclusion based on end
points other than PE, study considered positive despite a nonsigniﬁcant P-value, and study conclusions based only on one
end point when there were co-PEs. We found a higher
incidence of inappropriate reporting of the PE in RCTs for
breast cancer that increased dramatically when only the trials
with a non-signiﬁcant p-value were assessed. Consequently,
spin was used frequently to inﬂuence, positively, the
interpretation of negative trials, by emphasizing the apparent
beneﬁt of a secondary end point. We found bias in reporting
efﬁcacy and toxicity in 32.9% and 67.1% of trials, respectively,
with spin and bias used to suggest efﬁcacy in 59% of the trials
that had no signiﬁcant difference in their PE. These results are
similar to those in other areas of medicine [3]. In contrast to
those data where bias in the reporting of toxicity was less
frequent when the PE was positive, we found that bias in the
reporting of toxicity was higher when the trial had a signiﬁcant
P-value for the difference in the PE between experimental and
control arms. A possible explanation for this ﬁnding may be
that investigators and/or sponsors then focus on efﬁcacy as the
basis of registration and downplay toxicity to make the results
more attractive.
To avoid selection for publication of positive trials, and/or
publication of a subset of the original recorded outcomes on
the basis of the results, registration of trials is now mandatory.
Due to our period of evaluation (1995–2011), only 18% of our
trials were registered in ClinicalTrials.gov. In some of these
trials the PE was changed between the time of registration and
reporting of their results. Among these trials, there was a trend
towards change of the PE being associated with positive results,
suggesting that it may be a strategy to make a negative trial
appear positive. This may be on the basis of a low likelihood of
observing enough events for this end point to be statistically
signiﬁcant or even a lack of effect of the experimental therapy
to modify the original PE (usually OS). Trial registration does
not necessarily remove bias in reporting outcome, although it
does make it easier to detect [18].
The pharmaceutical industry is increasingly inﬂuential in
clinical trial sponsorship with data showing an increase in
industry sponsorship of phase III RCTs from 24 to 72% over a
30 year period [3, 19, 20]. In our cohort of trials, 67% were
industry sponsored, but we found no association between
industry sponsorship and biased reporting of either efﬁcacy or
toxicity, and no association of for-proﬁt sponsorship with
change of the PE between that listed in trial registries and the
ﬁnal publication.
There are some limitations to our study. First, we searched
only breast cancer trials and we cannot extrapolate our
ﬁndings to published reports of trials for other types of cancer.
Second, including studies less than 200 patients would likely to
increase the level of bias, but the clinical impact of such studies
is low. Third, we utilized subjective measures for some of our
outcome measures such as the presence of spin. Fourth, our
scales used to assess bias in reporting of efﬁcacy and toxicity
were based on our interpretation of the characteristics that a
paper has to accomplish to be considered unbiased, but they
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have not been validated. Fifth, many of our included trials were
not available at ClinicalTrials.gov. This database was
established in 2002 [28] and many trials initiated before this
date were not included. Furthermore, many European trials
were not initially included in the US-based ClinicalTrials.gov
database and European Clinical Trials Registries do not have
easily searchable databases [29]. Our analysis of change in the
PE should, therefore, be interpreted with caution.
In conclusion, bias in the reporting of efﬁcacy and toxicity
remains prevalent. Clinicians, reviewers, journal editors and
regulators should apply a critical eye to trial reports and be
wary of the possibility of biased reporting. Guidelines are
necessary to improve the reporting of both efﬁcacy and
toxicity.
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