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ABSTRACT
Background

Impact factor (iF) is often used as a measure of
journal quality. The purpose of the present study
was to determine whether trials with positive out-
comes are more likely to be published in journals
with higher 1rs.

Methods

We reviewed 476 randomized phase 111 cancer trials
published in 13 journals between 1995 and 2005.
Multivariate logistic regression models were used
to investigate predictors of publication in journals
with high 1rs (compared with low and medium IFs).

Results

A positive outcome had the strongest association
with publication in high-1F journals [odds ratio (OR):
4.13; 95% confidence interval (c1): 2.67 to 6.37;
p < 0.001]. Other associated factors were a larger
sample size (or: 1.06; 95% cr: 1.02 to 1.10; p =0.001),
intention-to-treat analysis (or: 2.53; 95% cr: 1.56
to 4.10; p < 0.001), North American authors (or for
European authors: 0.36; 95% c1: 0.23 to 0.58; or for
international authors: 0.41; 95% ci1: 0.20 to 0.82;
p <0.001), adjuvant therapy trial (or: 2.58; 95% c1:
1.61 to 4.15; p < 0.001), shorter time to publication
(or: 0.84; 95% c1: 0.77 to 0.92; p < 0.001), uncommon
tumour type (or: 1.39; 95% cr1: 0.90 to 2.13; p =0.012),
and hematologic malignancy (or: 3.15; 95% cr1: 1.41
to 7.03; p = 0.012).

Conclusions

Cancer trials with positive outcomes are more likely
to be published in journals with high 1rs. Readers of
medical literature should be aware of this “impact fac-
tor bias,” and investigators should be encouraged to

submit reports of trials of high methodologic quality
to journals with high 1Fs regardless of study outcomes.

KEY WORDS
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1. INTRODUCTION

The impact factor (iF) of a journal for a given year
is calculated by dividing the number of citations
that year to articles published in the journal in the
preceding 2 years by the number of “citable” articles
published in those 2 years!. For example:

2009 1F = citations to articles published in 2007
and 2008 / articles published in 2007
and 2008.

A compilation of 1Fs is published annually by
Thomson—Reuters as Journal Citation Reports.

Although 1F was not designed to measure journal
quality, and the 1rs of journals publishing in various
medical disciplines will vary, articles published in
medical journals with a high 1F are often perceived
to be of high quality and clinical relevance?. In ad-
dition, 1F can be affected by editorial practices. For
example, the 1F can be increased by including a higher
percentage of review articles, which are cited more
often than other types of articles>.

Regardless of the many caveats associated
with 1F, busy clinicians might, because of time
constraints, read only journals with high 1Fs. Their
opinions and clinical practices are therefore more
likely to be influenced by articles published in
such journals. In a review of published emergency
medicine studies, the strongest predictor of cita-
tions per year was the 1F of the publishing journal®.
Furthermore, implicitly or explicitly, 1Fs can influ-
ence committees in assessing academic promotions,
merit, funding, grants, and appointments3->-°,
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In a review of neonatal literature, Littner et al.”
recently showed that randomized phase 11 clinical
trials (RcTs) with negative results are more likely
than those with positive results to be published in
journals with lower 1Fs. Whether that observation
is true in oncology as well is not clear. The primary
objective of the present study was to determine
whether oncology rcTs with statistically significant
positive results are more likely than those with
negative results to be published in journals with
higher 1Fs.

2. METHODS
2.1 Identification of Studies

Using the oncology section of Journal Citation Re-
ports for 2005, journals with an I1r exceeding 3 were
identified (n = 51). Another 3 journals in the general
or internal medicine category that frequently publish
oncology rcTs were also identified. We then limited
our scope to journals that had published at least 3
original rcTs during the period of interest (n = 13).
The identified journals publish nearly all the oncol-
ogy RcTs in the English language®'1.

Journals 1Fs were arbitrarily categorized as low,
medium, or high according to Journal Citation Re-
ports for 2005. The low group (1F: <10) included
Annals of Oncology, Annals of Surgical Oncology,
British Journal of Cancer, Breast Cancer Research
and Treatment, Clinical Cancer Research, European
Journal of Cancer, International Journal of Radia-
tion Oncology * Biology * Physics, and Leukemia.
The medium group (ir: 10-20) included the Journal
of Clinical Oncology and the Journal of the National
Cancer Institute. The high group (1r: >20) consisted
of JAMA (The Journal of the American Medical
Association), The Lancet, and the New England
Journal of Medicine.

Phase 111 trials were defined as rcts of cancer
therapy published in one of the identified journals
between 1995 and 2005. Trials with fewer than
100 patients per arm were excluded because their
statistical power is sufficient to detect only large
differences in treatments, and thus would be more
likely to have a negative primary outcome. The
rcTs were identified in a manual search of each
journal. Exclusion criteria were a pediatric popu-
lation (<18 years of age); investigation of support-
ive care or palliative care, education, diagnostic
imaging, screening or prevention; evaluation of
different dosing schedules of the same regimen;
and evaluation of bone marrow transplantation.
Articles were also excluded if they involved only
meta-analyses, subset analyses, overviews, or
pooled data from two or more trials. For multiple
reports (the same trial published more than one
time), the first publication was arbitrarily chosen
for inclusion in the study.

2.2 Data Collection

For each identified trial, the information collected
included year of publication; journal of publication;
cancer type; intent of therapy, type of therapy, and
duration of accrual; number of patients randomized;
number of treatment groups; use of any blinding;
sample size calculation; nationality of authors;
method of analysis; time to publication; and whether
an independent committee reviewed response data.
The source of trial funding was categorized as “non-
industry” (for sponsorship by a government, founda-
tion, or other nonprofit agency), “industry” (for full
or partial sponsorship by a pharmaceutical company),
or “not stated.” If funding was not explicitly stated,
the primary endpoint of the RcT was recorded as the
outcome used in the sample size calculation. Data
describing the sample size calculation (present or
absent) and the type of analysis [intention-to-treat
(1tT) or other] were used to assess quality of report-
ing. The nationality of authors was defined as North
American, European, international, or other using the
affiliations of the authors or the cooperative group.
The term “international” was used if authors came
from more than one region.

A trial was classified as positive if an experimen-
tal arm was statistically superior to the control arm
(p <0.05) for the primary endpoint. Studies for which
the primary endpoint was not explicitly defined were
classified as positive or negative based on overall
survival. Noninferiority studies were classified as
positive if the criteria for noninferiority were met;
otherwise, they were classified as negative.

Data collection was carried out by one investiga-
tor (PAT). As a measure of data integrity, a second
investigator (SW) evaluated a random sample of 61
publications, with an overall disagreement rate of
1.21%. Differences were resolved by consensus.

2.3 Statistical Analysis

Study characteristics are summarized using de-
scriptive statistics such as median, proportion, and
frequency. Time to publication was calculated by
subtracting the year that enrollment was completed
from the year of publication. Categories of predictors
were grouped for statistical power after data collec-
tion, but before analysis. Breast, colorectal, lung,
and prostate cancers were grouped as ‘“common”
tumours. Intent of therapy was grouped as adjuvant
or other, trial results as positive or negative, primary
endpoints as overall survival or other, source of fund-
ing as industry or other, and method of statistical
analysis as ITT or other.

Potential predictors of publication in high-1F jour-
nals were defined before data analysis and included
cancer type, type of therapy, intent of therapy, sample
size, accrual rate, primary endpoint, nationality of
authors, publication year, duration of accrual, time
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to publication, presence of an independent review
committee, inclusion of the sample size calculation,
1TT analysis, industry funding, and positive outcome.
Because of the potential influence of journal-specific
editorial practices over inclusion of a sample size
calculation, supportive analyses were performed
excluding that variable. Predictors of publication in
high-1F journals (compared with low- and medium-ir
journals) were investigated using univariate and mul-
tivariate logistic regression models. Linear regression
was also performed using actual Ir as the outcome.
Results for both methods were similar, and so only
the logistic regression results are presented. Mul-
tivariate models were constructed using a forward
stepwise selection process.

Because 1F can vary by discipline, analyses were
performed in two ways: cluster analyses assumed
that trials conducted within the same tumour site
were correlated, and a comparison of only medium-
IF journals with low-IF journals excluded general
medical journals (New England Journal of Medicine,
JAMA, The Lancet).

Tests for trends over time were performed using
the Cochran—Armitage test!'?. Because the CONSORT
statement was initially published in 1996 and then
updated in 2000313, rcTs were grouped by publica-
tion year (1995-1997, 1998-2000, and 2001-2005)
for the analysis of reporting quality over time. All
tests were two-sided, and a p value of 0.05 or less
was considered statistically significant.

3. RESULTS
3.1 Trends and Characteristics of the RCTs

In total, 828 rcTs were identified, and 476 met the
inclusion criteria. Figure 1 lists the reasons for
exclusion. Table 1 summarizes the characteristics
of eligible rcTs. More than half the studies were
published in journals with a medium 1F (n = 261,
54.8%), and the most common cancer site was the
breast (n = 114, 24.0%). Median time to publication
was 4 years (range: 1-18 years). Across all years,
publications from European authors accounted for
52.9% of the total.

With respect to quality of reporting, 70 articles
(14.7%) contained no explicit description of the
sample size calculation. The method of statistical
analysis was treatment received in 6 articles (1.3%)
and not stated in 110 articles (23.1%), and the pri-
mary endpoint was not stated in 36 articles (7.6%).
However, the reporting of those measures improved
significantly (p < 0.001) over time (Figure 2).

The study outcome was classified as positive
(statistically significant results favouring the ex-
perimental arm) in 162 trials (34.0%). Approximately
75% of the 106 trials published in low-IF journals
had a negative outcome, as did 65% of the 261 trials
published in medium-ir journals. However, more than

Total articles identified
(n=828)

Articles excluded:

Palliative care (n=130)
Multiple reports (n=57)
Prevention (n=33)
Pediatric (n=32)
Dose schedule (n=32)
<100 Patients per arm (n=26)
Transplantation (n=19)
Meta-analysis (n=7)
Education (n=5)
Imaging (n=5)
Subset analysis (n=4)
Preliminary (n=2)

Articles included
(n=476)

FIGURE 1 consorT flow diagram for included and excluded ran-
domized controlled trials.

60% of'the 109 trials published in high-IF journals had
positive outcomes [Figure 3(A)]. By tumour site, the
highest proportion of trials with positive outcomes
appeared in high-1F journals compared with medium-
and low-1F journals [Figure 3(B)].

3.2 Predictors of Publication in High-IF Journals

Table 1 summarizes univariate predictors of publi-
cation in higher-1r journals. Factors that remained
significant in the multivariate model (Table 111) were
outcome [positive vs. negative: odds ratio (or): 4.13;
95% confidence interval (c1): 2.67 to 6.37; p < 0.001],
larger sample size (p =0.001), 1TT analysis (p <0.001),
nationality of authors (p < 0.001), trials of adjuvant
therapy (p < 0.001), time to publication (p < 0.001)
and tumour type (uncommon tumour type or: 1.39;
95% cr1: 0.90 to 2.13; hematologic malignancy oR:
3.15; 95% cr: 1.41 to 7.03; p = 0.012).

3.2.1  Supportive Analyses

After excluding the general medical journals (New
England Journal of Medicine, The Lancet, JAMA),
only journals with low and medium IFs remained.
Tables 11 and 11 present results from the logistic
regression analyses (univariate and multivariate re-
spectively). In the multivariate analysis, ITT analysis
was most strongly associated with publication in the
medium-ir journals Journal of Clinical Oncology and
Journal of the National Cancer Institute (p = 0.008),
as was positive outcome (p = 0.025), adjuvant therapy
trial (p = 0.044), and nationality of authors (p <
0.001). Interestingly, industry-funded studies also
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TABLE1  Characteristics of 476 trials
Characteristic Value [n (%)]
Cancer type
Breast 114 (24.0)
Colorectal 74 (15.6)
Lung 79 (16.6)
Prostate 17 (3.6)
Hematologic 34 (7.1)
Gynecologic 43 (9.0)
Gl (non-colorectal) 30 (6.3)
GU (non-prostate) 11 (2.3)
Other 74 (15.5)
Publication year
1995-1997 127 (26.7)
1998-2000 192 (40.3)
2001-2005 157 (33.0)
Journal impact factor
High (>20) 109 (22.9)
Medium (10-20) 261 (54.8)
Low (<10) 106 (22.3)
Therapy
Chemotherapy + targeted agent 292 (61.3)
Other 184 (38.7)
Purpose of therapy
Adjuvant 207 (43.5)
Hematologic 34 (7.1)
Local control or unresectable 26 (5.5)
Metastatic 205 (43.1)
Other 4(0.8)
Duration of accrual (years)
Median 4
Range <l to13

entered the multivariable model (p =0.027), although
it must be noted that automated selection processes
are known to occasionally produce false-positive re-
sults. A cluster analysis gave results similar to those
for the overall analysis, and thus for brevity, those
results are not presented.

4. DISCUSSION

We reviewed 476 phase 111 randomized cancer trials
published between 1995 and 2005, finding that trials
with statistically significant positive outcomes were
more likely to be published in high-IF journals. More
than 60% of the trials published in high-1r journals
had positive outcomes; only 25% trials published in

Outcome

Positive 162 (34.0)

Negative 283 (59.5)

Noninferiority 29 (6.1)

Undetermined 2(0.4)
Independent response review

Yes 138 (29.0)

No 338 (71.0)
Funding

Industry 183 (38.5)

Other 177 (37.2)

Not stated 116 (24.4)
Sample size calculation

Yes 406 (85.3)

No 70 (14.7)
Blinding

Yes 44 (9.2)

No 432 (90.8)
Analysis method

Intention-to-treat 360 (75.6)

Treatment received 6 (1.3)

Not stated 110 (23.1)
Primary endpoint

Overall survival 221 (46.4)

Other 219 (46.0)

Not stated 36 (7.6)
Region

North America 132 (27.7)

Europe 252 (52.9)

International 67 (14.1)

Other 25(5.3)
Time to publication (years)

Median 4

Range 1-18

Gl = gastrointestinal; GU = genitourinary.

low-IF journals had positive outcomes. Those results
are consistent with results in earlier reviews of trials
in hematology and neonatology”!°. Taken together,
those findings suggest an “impact factor bias” in pub-
lication, an observation that is concerning, given that
trials published in journals with high 1rs are, by defi-
nition, more widely read and cited. Thus, the more
frequent publication of trials with positive outcomes
in those journals will not only provide a biased view
of the literature to readers, but will also likely exert
more influence on the practice patterns of clinicians.
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FIGURE 2 Trends in report quality indicators for randomized con-
trolled trials in oncology.

Highly cited studies do not always constitute the new
“gold standard,” because they could potentially be
followed by trials demonstrating contradictory or
stronger effects!”.

Gluud et al.'® examined the relationships be-
tween journal IF, trial quality, and study outcome in
530 hepatobiliary rcTs. However, their review did
not include data about the primary endpoint, and
the median sample size was only 45—meaning that
most of those rRcTs would not be powered for survival.
The percentage of positive trials was 71% in their
series, much higher than the 34% observed in our
study or the 33% observed in a review by Yanada et
al.'. Gluud et al.'® did not observe any association
between 1r and study outcome, but it is likely that
differences with respect to primary endpoints in
hepatobiliary trials account for the observed high
prevalence of positive trials and the lack of an as-
sociation between study outcome and IF.

“Publication bias™ refers to the publication or
non-publication of research findings depending on
the nature and direction of those findings'®. It has
been well documented that, compared with rRcTs
reporting negative results, those showing signifi-
cantly positive results are more likely to be published
quickly?°~23, In a review of outcome reporting bias
studies, three publications found that, compared with
trials having nonsignificant outcomes, those with
statistically significant outcomes had better odds of
being fully reported?*. The same studies found that,
in 4%—-50% of published trials, at least one primary
outcome had been changed, introduced, or omitted
since registration of the original protocol?>. Another
possible manifestation of publication bias is the in-
creased likelihood that trials with positive outcomes
will be published in journals with higher 1Fs.

Previous studies have indicated that failure to
publish results predominately from lack of submission
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FIGURE 3 (4) Distribution of publications by outcome (positive or
negative) and impact factor. (B) Distribution of trials with a posi-
tive outcome by tumour type and impact factor. (C) Distribution of
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TABLE I Univariate analysis for predictors of publication in journals with a higher impact factor

Predictor Journal category
All topics Oncology only
OR 95% ci p Value OR 95% ci p Value
Cancer type 0.030 0.84
Common Reference Reference
Hematologic 2.04 1.03 to 4.04 0.81 0.31t02.08
Other 149 1.02t02.18 1.08 0.65to 1.78
Type of therapy <0.001 0.56
Chemotherapy 049 0.34t00.71 1.16  0.71 to 1.87
Intent of therapy <0.001 0.15
Adjuvant 227 1.56t03.19 143  0.88t02.31
Sample size <0.001 0.040
Per 100 patients 1.08 1.05to 1.12 1.08 1.00to 1.15
Accrual rate <0.001 0.030
Per 100 patients 1.19  1.09 to 1.30 .22 1.02to 1.45
Primary endpoint 0.64 1.00
Overall survival 092 0.65to01.30 1.00 0.64 to 1.58
Independent review committee 0.56 0.059
Yes 0.89 0.61 to 1.31 0.63 0.38to0 1.02
Analysis <0.001 0.014
Intention-to-treat 2.59 1.71t03.91 1.85 1.14t0 3.01
Industry-funded 0.42 0.033
Yes 1.16 0.81to 1.65 1.69 1.04to02.74
Nationality of authors 0.021 <0.001
North American Reference Reference
European 0.55 0.371t00.83 0.17  0.08 to 0.35
International 0.85 0.48to 1.50 0.34 0.14t0 0.86
Non-English-speaking 048 0.21 to 1.09 0.16  0.05to0 0.49
Publication year 0.60 0.33
Later .02 0.96to 1.08 1.04 0.96to 1.12
Duration of study 0.030 0.38
Per year 1.09 1.0l to 1.17 096 0.87to 1.05
Outcome <0.001 0.033
Positive 4.52  3.01 to 6.80 1.89  1.05to0 3.37
Time to publication 0.003 0.37
Per year 0.90 0.83t00.96 0.96 0.88to 1.05

or loss of interest by investigators because of negative
results rather than from rejection of manu-
scripts?326-28  Two groups have systematically
evaluated the characteristics of submitted manu-
scripts associated with publication in J4MA?° and in
the British Medical Journal, The Lancet, and the
Annals of Internal Medicine®°. Positive results were

reported in 51.4% of studies submitted to JAMA and
in 87% of studies submitted to the other three major
journals. However, submitted manuscripts were not
more likely to be published if they reported positive
outcomes, demonstrating a lack of bias at the edito-
rial level for those journals. Investigators should
therefore be encouraged to submit trials with negative
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TABLE 11l Multivariate analysis for predictors of publication in journals with a higher impact factor

Predictor Journal category
All topics Oncology only
OR 95% ci p Value OR 95% c1 p Value
Outcome <0.001 0.025
Positive 413  2.67t06.37 2.03 1.10to3.77
Sample size 0.001
Per 100 patients 1.06 1.02to 1.10
Analysis <0.001 0.008
Intention-to-treat 2.53 1.56t04.10 222 1.23t04.02
Nationality of authors <0.001 <0.001
North American Reference Reference
European 0.36 0.23t00.58 0.13  0.06 to 0.29
International 0.41 0.20t0 0.82 0.17  0.06 to 0.48
Non-English-speaking 0.50 0.20to 1.24 0.13  0.04to 0.43
Intent of therapy <0.001 0.044
Adjuvant 2.58 1.61to4.15 176 1.02 to 3.03
Time to publication <0.001
Per year 0.84 0.77t00.92
Tumour type
Common Reference 0.012
Hematologic 315 1.41to07.03
Other 1.39 090t02.13
Industry-funded 0.027
Yes 1.89  1.07t03.34

outcomes, but conducted with high methodologic
standards, to high-ir journals.

The coNsORT statement was created to improve
the quality of reporting of rRcTs and was first pub-
lished in 1996!3-15. We found that data about the
essential elements of RcTs such as primary endpoint
or sample size calculation were missing in 7.6% and
14.7% of publications respectively. Although 4 of the
13 journals selected for the present study have not
formally endorsed the consoRrT statement (/nterna-
tional Journal of Radiation Oncology - Biology
Physics, Leukemia, Breast Cancer Research and
Treatment, and British Journal of Cancer), only 42 of
the publications in our study (8.8%) were published
in those journals. In our analysis, reporting of the
primary endpoint, the sample size calculation, and
the method of statistical analysis improved with time.
The quality of reporting is a reflection both of the
submission and of editorial practices.

Pharmaceutical company involvement in medi-
cal research is an area of growing concern. A source
of funding can influence research design and out-
come® %3132 In a multivariate analysis of RCTS in

breast, colorectal, and non-small-cell lung cancer, a
significant p value for the primary endpoint and in-
dustry sponsorship were each independently associ-
ated with endorsement of the experimental arm®. We
found that industry funding was not associated with
publication in high-ir journals, which is consistent
with an earlier study focusing on economic analyses
in oncology?3. When the analysis was limited to on-
cology journals, industry funding was associated in
logistic regression, but not in linear regression, with
publication in the Journal of Clinical Oncology or
the Journal of the National Cancer Institute. In our
study, sponsorship for rcTs with partial or full fund-
ing from a pharmaceutical company were categorized
as “industry.” The absence of a “mixed” category
might have influenced our results.

Trials assessing adjuvant therapy and involving
uncommon tumour types were more likely to be
published in high-1r journals. Whether that likelihood
reflects a preference of the submitting authors or of the
editorial boards is unknown. Such trials might pos-
sibly be perceived to be of higher clinical importance
and more likely to be published in high-iF journals.
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North American authors were more likely to
publish in higher-1r journals. One potential expla-
nation for that observation is that two of the three
high-1F journals in the present study are published
in North America, and several analyses have sug-
gested the presence of an editorial bias toward ac-
cepting manuscripts whose corresponding author
lives in the country where the publishing journal is
located3%-34:35 Alternatively, authors might be more
likely to submit manuscripts to journals that are
published in their country of residence.

Our review encompasses only the 1995-2005
period. Temporal changes in “impact factor bias”
since the conduct of the study—specifically in the era
of targeted therapy—are unknown and are a major
limitation of this project.

One potential limitation of the present study is
that we did not use a formal scale, such as the Jadad
scale®, to assess the quality of rRcTs included in the
present analysis. Currently, there is no commonly
accepted measure of quality for rRcTs in oncology,
and it is difficult to apply scales developed for other
medical specialties (such as the Jadad scale) because
many RCTs in oncology are not double-blinded.
Furthermore, assessment of methodologic quality
depends on the particular scale used®’. We applied
a component method instead. Two key components
that have been used by other groups were selected:
analysis according to the 1TT principle, and descrip-
tion of a sample size calculation38-3°,

Another limitation of our study is the inclusion
of only 13 English-language journals. It is likely
that some oncology rRcTs are published in journals
not included in the present study, although it is
also likely that the number of those publications
would be small. It is important to note that we
arbitrarily classified journals with an 1F of 3—10
as the low-1r group. In other scientific disciplines,
those 1rs would be considered high. The inclusion
of disease-specific oncology journals—namely,
Leukemia and Breast Cancer Research and Treat-
ment—in the low-1r group could potentially lead to
overrepresentation of those diseases. However, only
8 trials that met our inclusion criteria were pub-
lished in those two journals, and thus the effect was
minimal. In addition, we did not assess the clinical
implications of the study intervention. Trials that
have the potential to be practice-changing and that
address important questions are more likely to be
published in high-impact journals regardless of the
outcome of the trial.

5. CONCLUSIONS

Our study demonstrates that an “impact factor bias”
affects the publication of oncology rcTs. Trials with
positive outcomes are more likely to be published
in journals with higher 1rs, independent of other
measures of methodologic quality. Investigators

should be encouraged to submit trials of high meth-
odologic quality to high-1r journals regardless of
the study outcomes.
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