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Objectives: To determine whether discrepancies between registered and reported primary trial
outcomes explain the high rates of positive results observed among trials with investigators having

manufacturer-related financial ties.

Design: Cross-sectional study.

Setting: Human-subjects drug trials published in “core clinical” Medline journals in 2013.

Primary and secondary outcome measures: The primary study endpoint was the presence of a
prospectively registered, clearly defined primary outcome which matched the published primary
outcome for each included trial. Secondary outcomes included assessments of registration timing and
quality, and the impact of outcome discrepancies between registration and publication on the statistical

significance of the included trials.

Results: Of 192 included trials, 134 (70%) were positive and 58 (30%) were negative. Financial ties were
present between first or last authors and drug manufacturers for 130 trials (68%), of which 78% were
positive, versus 53% of trials with no financial ties that were positive. Clearly defined, prospectively
registered outcomes which matched the published outcomes were present in just 76 of the 192 trials
(40%). In unadjusted analyses, trials with investigator financial ties were more likely than those without
financial ties to be prospectively registered with clear primary outcomes and were more likely to report
published primary outcomes matching outcomes found in trial registries. After adjusting for study
initiation date and sample size, the observed relationship between investigator financial ties and the
presence of a match between prospectively registered and published primary outcomes was no longer

statistically significant (OR 2.12, 95% Cl 0.998-4.50).

Conclusions: Less than half of the trials in this cohort were prospectively registered with a clear primary

outcome which was consistent with the primary outcome reported in the published manuscript. The
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Article Summary

Strengths and limitations of this study:

-The relationship between investigator-manufacturer financial ties and registration quality has not been

previously assessed.

-Multiple investigators independently assessed study endpoints.

-Trial registration patterns have evolved over time, and these results may not reflect current registration

and publication practices.
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INTRODUCTION

Randomized controlled trials (RCTs) are a critical means of assessing the efficacy of medical
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9 interventions. A core principal in the ethical conduct of RCTs is the presence of clinical equipoise, which
1 mandates the existence of genuine uncertainty within the medical community with respect to the best
13 choice between the various treatment options that a trial is investigating.[1] A recent cross sectional
study investigating the relationship between the financial ties of principal investigators and RCT
outcomes found that trials with financial ties between principal investigators and drug manufacturers

20 were substantially more likely to report positive results than trials without financial ties.[2]

23 There are several plausible explanations for the higher proportion of positive results among trials in
25 which the investigators have financial ties to drug manufacturers. First, these investigators may make
design decisions such as selection of a comparator or enrollment of a specific population that favor the

intervention. Second, investigators with financial ties may be less likely to publish the results of
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32 unfavorable trials, leading to publication bias. Third, investigators with financial ties may be more likely
34 than others to change primary study outcomes after trial completion in order to highlight those

36 outcomes that are statistically significant or otherwise favorable. In evaluating these possibilities, clinical
trial registries may allow for the assessment of outcome switching by facilitating comparisons between

41 prospectively registered primary outcomes and published primary outcomes.[3 4]

44 We used clinical trial registry data in an attempt to better understand the cause of the difference in the

46 proportion of positive results in trials with and without commercial financial ties among principal
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investigators. The goal of this investigation was to investigate post-hoc primary outcome changes as a
potential explanation for the high rates of positive trials observed among investigators with

53 manufacturer-related financial ties.

56 METHODS
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Sample identification

We analyzed a group of clinical trials that had been identified for a recent cross-sectional study assessing
the association between the financial ties of principal study investigators and study outcomes. Trials
were randomly selected for inclusion in the original study from among English-language, human-
subjects drug trials which had been published between 1 January 2013 and 31 December 2013 in “core
clinical” Medline journals.[2] The original study included manuscripts describing 195 trials. We excluded
three of these manuscripts because they reported the results of secondary or follow-up analyses,

leaving 192 included trials.

Investigator financial ties

We defined principal investigators as the first and last author, along with any other authors specified as
sharing first or last author responsibilities for each included manuscript. A comprehensive search was
performed to identify financial ties between these investigators and manufacturers of the study drug. A
financial tie was defined as direct compensation to the investigator in the form of advisor/consultancy
payments, honorariums, speaker’s fees, stock ownership, travel/meal reimbursement, a patent for
which the investigator was the inventor, or an employer-employee relationship. The search for financial
ties has been previously described in detail, and included a search of the trial publication, Medline (to
allow review of other publications by the investigator), Google, ProPublica’s Dollars for Doctors
database, and the US Patent Office.[2] Financial ties were only included if they occurred within two
years before article publication. All financial ties were independently verified by at least two
investigators, and discrepancies were resolved by consensus. If any of the principal investigators of a
manuscript was found to have a financial tie to a manufacturer of the study drug, the manuscript was

considered to have a financial tie.

Registry search
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whether each registered outcome was clearly defined. In order to be considered a clearly defined
primary outcome, the registered outcome needed to provide sufficient detail to allow a reader to
reasonably design a study measuring the same outcome measure. In most cases, in order to meet this
standard the registered outcome needed to describe a specifically defined variable of interest and a

specific time-point for assessment. Discrepancies were resolved by consensus.

We considered trials which had a clearly defined primary outcome registered within 90 days of the start
of enrollment to be prospectively registered; trials registered more than 90 days after enrollment began

were classified as being retrospectively registered.

Primary outcome

For those trials with prospectively registered, clearly defined primary outcomes, we compared the

registered and published primary outcomes. Two investigators (CJ, BM) who were blinded to the

presence or absence of principal investigator financial ties independently assessed outcome consistency.

Discrepancies were resolved by consensus following a review of the full manuscript and the full registry
entry. Registered and published outcomes were considered consistent with one another if every
registered primary outcome for a specific study was reported as a primary outcome in the published
manuscript, and if every primary outcome described in the manuscript was registered clearly and
prospectively. We then categorized primary outcome discrepancies according to the classification used

by Mathieu et al.

The primary outcome for our study was the presence of a prospectively registered, clearly defined

primary outcome that was consistent with the published outcome.

Secondary outcomes
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Table 1. Baseline characteristics of included trials.

N (%)

Trial Characteristic All trials Financial ties Financial ties
n=192 present’ absent
n=130 n=62
Study phase
Phase I 50 (26) 38 (29) 12 (19)
Phase llI 102 (53) 81 (62) 21 (34)
Phase IV 16 (8) 7 (5) 9 (15)
Other 24 (13) 4 (3) 20(32)
Blinding
Double blind 146 (76) 101 (78) 45 (73)
Single blind 7 (4) 5 (4) 2 (3)
Open label 37 (19) 22 (17) 15 (24)
Unknown 2 (1) 2(2) 0 (0)
Sample size
<100 participants 40 (21) 17 (13) 23 (37)
100-299 participants 55 (29) 36 (28) 19 (31)
300-499 participants 45 (23) 31 (24) 14 (23)
>=500 participants 52 (27) 46 (35) 6 (10)
Funding source
Any industry funding 134 (70) 113 (87) 21 (34)
Any government funding 56 (29) 23 (18) 33(53)
Nonprofit 32 (17) 14 (11) 18 (29)
No funding reported 6 (3) 1(1) 5(8)
First author continent
North America 87 (45) 69 (53) 18 (29)
Europe 68 (35) 46 (35) 22 (35)
Asia 28 (15) 8 (6) 20 (32)
Beginning of enrollment’
Prior to 2006 37 (19) 17 (13) 20 (32)
2006-2007 45 (23) 31 (24) 14 (23)
2008-2009 63 (33) 49 (38) 14 (23)
2010 or later 46 (24) 33 (25) 13 (21)

IStart date not reported for one trial

“Direct financial relationship present between first or last study author and drug manufacturer

Almost all trials were registered (97%), and the majority of trials were registered with ClinicalTrials.gov

(84%). Sixty-eight percent (131/192) of the included trials were prospectively registered, 55 (29%) were
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outcome in published
manuscript
Registered primary outcome
not reported in published
manuscript
Published manuscript
includes new primary
outcome
Published primary outcome
described as secondary in
registry
Timing of assessment of
primary outcome variable
differs between registry and
manuscript
Does registration discrepancy
favor statistically significant
published results?
Yes
No
Unknown

5(3)

12 (6)

4(2)

n=27

14 (52)
8 (30)
5 (19)

5(4)

10 (8)

3(2)

6 (5)

n=19

12 (63)
3 (16)
4(21)

0(0)

2 (3)

1(2)

1(2)

2 (25)
5 (63)
1(13)

'p <0.001

More recent trials were more likely than earlier trials to follow high-quality registration practices (i.e.

prospectively registered with a matching published outcome) and the proportion of trials with financial

ties was also greater among more recently initiated trials. When controlling for study initiation date and

sample size, the presence of investigator financial ties just failed to show a significant association with

registration quality (OR 2.12, 95% Cl 0.998-4.51). Within this model, study initiation prior to 2006 (OR

0.05, 95% Cl 0.01-0.24 relative to initiation after 2009) and study initiation in 2006/2007 (OR 0.42, 95%

Cl 0.18-.996) were both associated with lower rates of high-quality trial registration.

Discrepancies between registered and published primary outcomes were present in 27 trials. The most

commonly observed discrepancies were the addition of a new primary outcome in the published
manuscript (n = 12) and reporting a registered primary outcome as a secondary outcome in the

manuscript (n = 11). Among trials with financial ties present, 12 of 19 (63%) discrepancies favored the
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publication of a statistically significant result, 3 (16%) did not, and 4 (21%) could not be classified.

Among trials without financial ties, 2 of 8 (25%) discrepancies favored statistical significance, 5 (63%) did

oNOYTULT D WN =

not, and 1 (13%) could not be classified.

11 Rates of retrospective registration, unclear outcome registration, and inconsistencies between
13 registered and published primary outcomes were all similar between positive and negative trials (Table

15 3).

Table 3. Registration quality among positive and negative trials.

23 N (%)

Study characteristic Positive trials Negative trials
n=134 n =58

57 Financial ties present 101 (75) 29 (50)*

28 Financial ties absent 33 (25) 29 (50)*

29 Registered at any time 130 (97) 56 (97)

30 Registered prospectively 94 (70) 37 (64)

31 Prospectively registered with clearly 73 (54) 30 (52)

32 defined primary outcome

Prospectively registered and published 51 (38) 25 (43)

primary outcomes are consistent

36 Impact of outcome discrepancy on n=22 n=>5

37 statistical significance

38 Newly significant published 12 (55) 2 (40)

39 primary outcome

40 No newly significant published 6 (27) 2 (40)

41 primary outcome

Unable to determine significance 4 (18) 1(20)

of outcome change

45 'p=0.001
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49 DISCUSSION

52 We assessed the quality and consistency of study registration among 192 trials that were characterized

>4 according to the presence or absence of financial ties among the principal study investigators.
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Retrospective registration, registration with unclear primary outcomes, and inconsistencies between
registered and published outcomes were common within this cohort of clinical trials. We found that
approximately half of the trials with financial ties were registered appropriately, with a clear,
prospectively defined primary outcome which matched the published outcome, and fewer than one
quarter of trials without financial ties met this standard. However, after controlling for other relevant

trial characteristics these differences were not significant.

This study represents an attempt to understand why trials in which principal investigators have financial
interests at issue are more likely to produce positive outcomes as compared to trials without direct
investigator financial interests at stake. This pattern is troublesome as it suggests that clinical equipoise,
and therefore the ethical justification to randomize participants to different treatment groups, may be

violated.[7]

Several primary mechanisms exist which might result in higher rates of positive trial results among those
with investigator financial ties. First, it is possible that investigators with financial ties make study design
decisions which increase the chances of producing a trial with positive results. These decisions
potentially include choosing comparators or selecting dosages which favor the intervention, selecting
outcomes which favor the intervention, or choosing data analysis techniques which are more likely to
produce favorable results.[8] Our study design was unable to address this possibility. Second, it is
possible that investigators with financial interests are more likely than others to change primary
published outcomes in order to favor statistically significant results. We observed some evidence of
outcome switching favoring positive results among trials in which financial ties are present, but this does

not appear to be more common than among trials in which investigators do not have financial ties.

Another possibility is that trials with financial ties may be at higher risk of nonpublication due to

publication bias. In other words, investigators with financial ties may be less likely to publish trials with

14

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

@
Page 140f 21

‘salbojouyoa) Jejiwis pue ‘Buiurey |y ‘Buluiw elep pue 1xal 01 palejal sasn 1oy Buipnjoul ‘1ybliAdoo Aq paloslold

" (s3gv) Jnsuadng

juawaublasug | ap anbiydeiboljqig asuaby 1e Gzoz ‘vT aunr uo ywod [wq uadolwg/:diy wolj papeojumoq ‘8T0Z Arenigad 8 Uuo TE86TO-/T0Z-uadolwag/9eTT 0T Se paysiignd 1si


http://bmjopen.bmj.com/

QO
)
Page 15 of 21 BMJ Open =
2.
©
1 S
2 <
2 results that they perceive as being unfavorable. Previous studies have shown that registered trials g
QD
7]
5 . . . . . .
6 sponsored by industry are less likely to be published than those without industry sponsorship.[9-11] S
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10 assessed. While our data do not directly address the relationship between investigator financial ties and % 2
11 e 3
N
o
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14 . S . . C s . . s . § %
15 among trials with investigator financial ties, which would be markers of possible publication bias. -
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43 g 3
N
j;’ analysis would have potentially diluted any observed relationship between financial ties and study g g
46 o - . o o S Z
47 outcomes or registration practices. Finally, we defined retrospective registration as registration which 2 @
48 T3
49 occurred more than 90 days after the start of trial enroliment. While the ICMIE requires that registration g
50 =
51 occur prior to beginning enrollment, previous studies have used this 90 day definition.[18] In this case, %
52 =
gi we considered it unlikely that registration within 90 days after the start of enrollment would have been =
(¢)
55 . . . e . &
56 performed in response to an analysis of the trial data, and that registration within this timeframe is =
57 §
58 15 Q
59 3
60 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml §


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

likely more reflective of poor familiarity with registration requirements rather than an attempt to impact

the trial outcome by changing outcome definitions.

CONCLUSIONS

Trials which have principal investigators with individual industry financial ties are more likely to report
positive results than trials without investigator financial ties. We observe that regardless of the presence
of financial ties, less than half of the trials in this cohort were prospectively registered with a clear
primary outcome which was consistent with the primary outcome reported in the published manuscript.
After adjusting for factors which impact registration quality, registration practices appeared similar

between trials with and without investigator financial ties.
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Objectives: To determine the relationship between rates of discrepant registered and published
primary trial outcomes and the presence of manufacturer-related financial ties among
investigators of published drug trials.

Design: Cross-sectional study.

Setting: Human-subjects drug trials published in “core clinical” Medline journals in 2013.
Primary and secondary outcome measures: The primary study endpoint was the presence of a
prospectively registered, clearly defined primary outcome which matched the published primary
outcome for each included trial. Secondary outcomes included assessments of registration timing
and quality, and the impact of outcome discrepancies between registration and publication on the
statistical significance of the included trials.

Results: Of 192 included trials, 134 (70%) were positive and 58 (30%) were negative. Financial
ties were present between first or last authors and drug manufacturers for 130 trials (68%), of
which 78% were positive, versus 53% of trials with no financial ties that were positive. Clearly
defined, prospectively registered outcomes which matched the published outcomes were present
in just 76 of the 192 trials (40%). In unadjusted analyses, trials with investigator financial ties
were more likely than those without financial ties to be prospectively registered with clear
primary outcomes and were more likely to report published primary outcomes matching
outcomes found in trial registries. After adjusting for study start date and sample size, the
observed relationship between investigator financial ties and the presence of a match between
prospectively registered and published primary outcomes was of borderline statistical
significance (OR 2.12, 95% CI 0.998-4.50).

Conclusions: Less than half of the trials in this cohort were prospectively registered with a clear

primary outcome which was consistent with the primary outcome reported in the published
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Article Summary

Strengths and limitations of this study:

-The relationship between investigator-manufacturer financial ties and registration quality has
not been previously assessed.

-Multiple reviewers independently assessed study endpoints.

-Trial registration patterns have evolved over time, and these results may not reflect current

registration and publication practices.
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6 Randomized controlled trials (RCTs) are a critical means of assessing the efficacy of medical E’
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33 likely to publish the results of unfavorable trials, leading to publication bias.[6 7] Third, 2 S
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38 outcomes after trial completion in order to highlight those outcomes that are statistically @ 3
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Sample identification

We analyzed a group of clinical trials that had been identified for a recent cross-sectional study
assessing the association between the financial ties of principal study investigators and study
outcomes. Trials were randomly selected for inclusion in the original study from among English-
language, human-subjects drug trials which had been published between 1 January 2013 and 31
December 2013 in “core clinical” Medline journals.[2] The original study included manuscripts
describing 195 trials. We excluded three of these manuscripts because they reported the results
of secondary or follow-up analyses, leaving 192 included trials.

Investigator financial ties

We defined principal investigators as the first and last author, along with any other authors
specified as sharing first or last author responsibilities for each included manuscript. A
comprehensive search was performed to identify financial ties between these investigators and
manufacturers of the study drug. A financial tie was defined as direct compensation to the
investigator in the form of advisor/consultancy payments, honorariums, speaker’s fees, stock
ownership, travel/meal reimbursement, a patent for which the investigator was the inventor, or an
employer-employee relationship. The search for financial ties has been previously described in
detail, and included a search of the trial publication, Medline (to allow review of other
publications by the investigator), Google, ProPublica’s Dollars for Doctors database, and the US
Patent Office.[2] Financial ties were only included if they occurred within two years before
article publication. All financial ties were independently verified by at least two reviewers, and
discrepancies were resolved by consensus. If any of the principal investigators of a manuscript
was found to have a financial tie to a manufacturer of the study drug, the manuscript was

considered to have a financial tie.
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drug in the intervention arm was statistically superior to the control (p < 0.05) and non-inferiority
trials were considered positive if the intervention arm was not significantly worse than the
control. Trials with multiple published primary outcomes were positive if at least one efficacy
outcome was either positive (superiority studies) or not significantly different from the control
(non-inferiority studies).

For each registered trial we recorded the date of initial trial registration, the date on which a
primary outcome was first registered, the registered primary outcome(s), and registered
secondary outcomes. If changes to the registered primary outcome were made, we recorded the
primary outcome which was listed at the time trial enrollment began. Two reviewers (CJ, BM)
then independently determined whether each registered outcome was clearly defined. In order to
be considered a clearly defined primary outcome, the registered outcome needed to provide
sufficient detail to allow a reader to reasonably design a study measuring the same outcome
measure. In most cases, in order to meet this standard the registered outcome needed to describe
a specifically defined variable of interest and a specific time-point for assessment. Discrepancies
were resolved by consensus.

We considered trials which had a clearly defined primary outcome registered within 90 days of
the start of enrollment to be prospectively registered; trials registered more than 90 days after
enrollment began were classified as being retrospectively registered.

Primary outcome

For those trials with prospectively registered, clearly defined primary outcomes, we compared
the registered and published primary outcomes to assess for primary outcome switching. Two
reviewers (CJ, BM) who were blinded to the presence or absence of principal investigator

financial ties independently assessed outcome consistency. Discrepancies were resolved by
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outcome while controlling for the study start date and sample size, as these factors are both
associated with registration rate and quality.[9 12 13] Analyses were performed using PASW
Statistics v 18.0 (IBM Corp, Armonk, New York, USA). Missing data were excluded in pair-
wise fashion.

RESULTS

A total of 192 trials met inclusion criteria and were included in the analysis. Most were phase I1I
trials (53%), and 70% were funded by industry (Table 1). The study cohort included trials across
a broad range of sample sizes, including 21% with fewer than 100 participants, and 27% with at
least 500 participants. Principal investigators had financial ties for 130 of the 192 included trials
(68%). These ties were most common among trials that were large (88% of trials with > 500
participants) and among trials sponsored by industry (84%). In total, 134 of the 192 included
trials (70%) were positive, and 58 (30%) were negative. Trials with financial ties were more
likely to be positive than trials with no financial ties (78% vs 53%, p = 0.001).

Table 1. Baseline characteristics of included trials.

N (%) |
Trial Characteristic All trials Financial ties Financial ties
n=192 present” absent
n= 130 n=062
Study phase
Phase II 50 (26) 38 (29) 12 (19)
Phase 111 102 (53) 81 (62) 21 (34)
Phase IV 16 (8) 7(5) 9 (15)
Other 24 (13) 4 (3) 20 (32)
Blinding
Double blind 146 (76) 101 (78) 45 (73)
Single blind 7 (4) 54) 2(3)
Open label 37 (19) 22 (17) 15 (24)
Unknown 2(1) 2(2) 0 (0)
Sample size
<100 participants 40 (21) 17 (13) 23 (37)
100-299 participants 55(29) 36 (28) 19 (31)
300-499 participants 45 (23) 31 (24) 14 (23)
>=500 participants 52 (27) 46 (35) 6 (10)

10
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Funding source
Any industry funding 134 (70) 113 (87) 21 (34)
Any government funding 56 (29) 23 (18) 33 (53)
Nonprofit 32 (17) 14 (11) 18 (29)
No funding reported 6(3) 1(1) 5(8)
First author continent
North America 87 (45) 69 (53) 18 (29)
Europe 68 (35) 46 (35) 22 (35)
Asia 28 (15) 8 (6) 20 (32)
Beginning of enrollment’
Prior to 2006 37 (19) 17 (13) 20 (32)
2006-2007 45 (23) 31 (24) 14 (23)
2008-2009 63 (33) 49 (38) 14 (23)
2010 or later 46 (24) 33 (25) 13 (21)

'Start date not reported for one trial
*Direct financial relationship present between first or last study author and drug manufacturer

Almost all trials were registered (97%), and the majority of trials were registered with

ClinicalTrials.gov (84%). Sixty-eight percent (131/192) of the included trials were prospectively

registered, with a median time from study start to registration of 15 days (IQR for registration

timing was from 26 days before enrollment to 116 days after enrollment; range 906 days before

enrollment to 5225 days after enrollment). Fifty-five trials (29%) were retrospectively registered,

and 6 trials (3%) were unregistered (Table 2). Among the prospectively registered trials, 103

(79%) had clearly defined primary outcomes, and 28 (21%) had unclear outcomes. Clearly

defined, prospectively registered outcomes that matched the published outcomes were present in

just 76 of the 192 included trials (40%). Among the 28 trials with an unclear registered primary

outcome, positive results in the published manuscript were reported for 21 (75%), and 73 of the

103 (71%) trials with clearly registered primary outcomes reported positive results. Among the

27 trials with unmatched registered and published primary outcomes, 22 (81%) reported positive

results, as compared with 51/76 (67%) of those with matching outcomes. As compared to trials

with no financial ties, those with the presence of financial ties were more likely to be
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prospectively registered, more likely to have clearly registered primary outcomes, and more

likely to report published primary outcomes matching the prospectively registered outcomes.

Similarly, trials with industry funding were more likely than those without to be registered with

a clear primary outcome that was consistent with the published outcome (46% vs 24%, p <.01),

and trials with either investigator financial ties or industry funding were also more likely than

those without any industry ties to be registered with a clear, consistent primary outcome (44%

Vs 22%, p <.01).

Table 2. Registration characteristics of included trials.

N (%) |
Study characteristic All trials Financial ties  Financial ties
n=192 present absent
n= 130 n=62
Registered at any time 186 (97) 130 (100) 56 (90)'
Registered prospectively 131 (68) 101 (78) 30 (48)
Prospectively registered with 103 (54) 81 (62) 22 (35)
clearly defined primary
outcome
Prospectively registered and 76 (40) 62 (48) 14 (23)"
published primary outcomes
are consistent
Prospectively registered 27 (14)* 19 (15) 8 (13)
primary outcome inconsistent
with published primary
outcome
Registered primary 11 (6) 7(5) 4 (6)
outcome reported as
secondary outcome in
published manuscript
Registered primary 503) 54) 0(0)
outcome not reported in
published manuscript
Published manuscript 12 (6) 10 (8) 2(3)
includes new primary
outcome
Published primary outcome 4(2) 3(2) 1(2)
described as secondary in
registry
Timing of assessment of 7(4) 6 (5) 1(2)

12
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Discrepancies between registered and published primary outcomes were present in 27 trials. The

most commonly observed discrepancies were the addition of a new primary outcome in the

published manuscript (n = 12) and reporting a registered primary outcome as a secondary

outcome in the manuscript (n = 11). Among trials with financial ties present, 12 of 19 (63%)
discrepancies favored the publication of a statistically significant result, 3 (16%) did not, and 4
(21%) could not be classified. Among trials without financial ties, 2 of 8 (25%) discrepancies
favored statistical significance, 5 (63%) did not, and 1 (13%) could not be classified.

Rates of retrospective registration, unclear outcome registration, and inconsistencies between

registered and published primary outcomes were all similar between positive and negative trials

(Table 4).

Table 4. Registration quality among positive and negative trials.

T N (%) 1
Study characteristic Positive trials Negative trials P value
n= 134 n=58
Financial ties present 101 (75) 29 (50)' 0.001
Financial ties absent 33 (25) 29 (50) '
Registered at any time 130 (97) 56 (97) 1.0
Registered prospectively 94 (70) 37 (64) 0.39
Prospectively registered with clearly 73 (54) 30 (52) 0.67
defined primary outcome
Prospectively registered and 51 (38) 25 (43) 0.51
published primary outcomes are
consistent
Impact of outcome discrepancy on n=22 n=>5
statistical significance
Newly significant published 12 (55) 2 (40)
primary outcome
No newly significant published 6 (27) 2 (40)
primary outcome 0.82
Unable to determine 4 (18) 1 (20)
significance
of outcome change
'p=0.001
DISCUSSION
14
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problems may affect trials with investigator financial ties. Second, it is possible that investigators
with financial interests are more likely than others to change primary published outcomes in
order to favor statistically significant results. We observed some evidence of outcome switching
favoring positive results among trials in which financial ties are present, but this does not appear
to be more common than among trials in which investigators do not have financial ties.

Another possibility is that trials with financial ties may be at higher risk of nonpublication due to
publication bias.[6 7] In other words, investigators with financial ties may be less likely to
publish trials with results that they perceive as being unfavorable. Previous studies have shown
that registered trials sponsored by industry are less likely to be published than those without
industry sponsorship.[17-19] However, the relationship between investigator financial ties and
publication has not been thoroughly assessed. While our data do not directly address the
relationship between investigator financial ties and non-publication, we did not observe
increased rates of retrospective registration or failure to register among trials with investigator
financial ties, which would be markers of possible publication bias. Importantly, the absence of
this pattern does not rule out publication bias as an explanation for the high observed rate of
positive published trials. Additionally, almost 90% of the trials in this sample with investigator
financial ties received industry funding, which is associated with high rates of favorable reported
study outcomes.[16] Industry-funded trials are often performed for regulatory purposes; as such
they often differ from non-funded trials with respect to the population studied, study design, and
trial implementation. Therefore the presence of an investigator financial tie may serve as a
marker for these other fundamental trial differences.

This study has several limitations which are important to consider when interpreting these

results. The majority of the included trials were started between 2006 and 2010. Trial registration
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primary outcome reported in the published manuscript. Registration practices within this cohort
were consistently poor, and after adjusting for relevant factors registration quality did not differ
substantially between trials with and without investigator financial ties. If the findings of RCTS
are to appropriately inform patient care, the primary findings reported must reflect the study’s
prespecified outcome measures. Trial investigators, sponsors, peer reviewers, and editors all
have a responsibility to ensure that published manuscripts consistently report the prespecified

primary outcomes.
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Objectives: To determine the relationship between manufacturer-related financial ties among
investigators of published drug trials and rates of discrepant registered and published primary
trial outcomes.

Design: Cross-sectional study.

Setting: Human-subjects drug trials published in “core clinical” Medline journals in 2013.
Primary and secondary outcome measures: The primary study endpoint was the presence of a
prospectively registered, clearly defined primary outcome which matched the published primary
outcome for each included trial. Secondary outcomes included assessments of registration timing
and quality, and the impact of outcome discrepancies between registration and publication on the
statistical significance of the included trials.

Results: Of 192 included trials, 134 (70%) were positive and 58 (30%) were negative. Financial
ties were present between first or last authors and drug manufacturers for 130 trials (68%), of
which 78% were positive, versus 53% of trials with no financial ties that were positive. Clearly
defined, prospectively registered outcomes which matched the published outcomes were present
in just 76 of the 192 trials (40%). After adjusting for study start date and sample size, the
observed relationship between investigator financial ties and the presence of a match between
prospectively registered and published primary outcomes was of borderline statistical
significance (OR 2.12, 95% CI 0.998-4.50). Studies with financial ties present were more likely
than studies without ties to have been prospectively registered (78% vs 48%, p < 0.001) and were
more likely to have prospectively registered a clearly defined primary outcome(62% vs 35%, p <
0.001)

Conclusions: Less than half of the trials in this cohort were prospectively registered with a clear

primary outcome which was consistent with the primary outcome reported in the published
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Article Summary

Strengths and limitations of this study:

-The relationship between investigator-manufacturer financial ties and registration quality has
not been previously assessed.

-Multiple reviewers independently assessed study endpoints.

-Trial registration patterns have evolved over time, and these results may not reflect current

registration and publication practices.
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E with respect to the best choice between the various treatment options that a trial is s =
o &
14 o . o — Sk
15 investigating.[1] A recent cross sectional study investigating the relationship between the @ §
>
16 =~ o
- 3
17 financial ties of principal investigators and RCT outcomes found that trials with financial ties a2 ®
18 S @
—_ O
;g between principal investigators and drug manufacturers were substantially more likely to report a S
g <2
21 "y ) ) o e n
22 positive results than trials without financial ties.[2] § =
(o]
23 & U
24 There are several plausible explanations for the higher proportion of positive results among trials %mg
25 g3
o
;? in which the investigators have financial ties to drug manufacturers. First, these investigators ° %%’
g2
28 . .. . . o=
29 may make design decisions such as selection of a comparator or enrollment of a specific %55
50 282
31 population that favor the intervention.[3-5] Second, investigators with financial ties may be less 8- 2
32 3 5
5 32
33 likely to publish the results of unfavorable trials, leading to publication bias.[6 7] Third, 2 S
34 - o
> >
22 investigators with financial ties may be more likely than others to change primary study 2 g
37 . - o . > 8
38 outcomes after trial completion in order to highlight those outcomes that are statistically @ 3
39 5 3
40 significant or otherwise favorable.[8] In evaluating this third possibility, clinical trial registries . §
41 3 o
. . g . . ) =
fé may allow for the assessment of outcome switching by facilitating comparisons between 2 3:)
[
44 . . . . . z B
45 prospectively registered primary outcomes and published primary outcomes.[9 10] 3
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47 The goal of this investigation was to determine the relationship between the presence of & g
48 ®
42 manufacturer-related financial ties among principal investigators of published drug trials and =5
50 ‘g'
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Sample identification

We analyzed a group of clinical trials that had been identified for a recent cross-sectional study
assessing the association between the financial ties of principal study investigators and study
outcomes. Trials were randomly selected for inclusion in the original study from among English-
language, human-subjects drug trials which had been published between 1 January 2013 and 31
December 2013 in “core clinical” Medline journals.[2] The original study included manuscripts
describing 195 trials. We excluded three of these manuscripts because they reported the results
of secondary or follow-up analyses, leaving 192 included trials.

Investigator financial ties

We defined principal investigators as the first and last author, along with any other authors
specified as sharing first or last author responsibilities for each included manuscript. A
comprehensive search was performed to identify financial ties between these investigators and
manufacturers of the study drug. A financial tie was defined as direct compensation to the
investigator in the form of advisor/consultancy payments, honorariums, speaker’s fees, stock
ownership, travel/meal reimbursement, a patent for which the investigator was the inventor, or an
employer-employee relationship. The search for financial ties has been previously described in
detail, and included a search of the trial publication, Medline (to allow review of other
publications by the investigator), Google, ProPublica’s Dollars for Doctors database, and the US
Patent Office.[2] Financial ties were only included if they occurred within two years before
article publication. All financial ties were independently verified by at least two reviewers, and
discrepancies were resolved by consensus. If any of the principal investigators of a manuscript
was found to have a financial tie to a manufacturer of the study drug, the manuscript was

considered to have a financial tie.
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3 Registry search g
4 7]
6 For each trial, one of two reviewers initially inspected the published manuscript for evidence of :C:’
7 2
8 trial registration. If no registration information was provided, the reviewers searched T g
9 S 5
[¢°]
10 ClinicalTrials.gov by keyword to identify registry entries corresponding to the included trials. = §
> g B
<
13 When this initial search failed to identify a trial registration entry matching the published trial o X
© o
14 2 3
15 report, a third reviewer (CJ) with expertise in trial registration searched ClinicalTrials.gov, the e
16 =~ o
= =}
17 . : - , a
18 International Standard Registered Clinical/soCial sTudy Number (ISRCTN) database, the WHO 2 %
o
19 -
20 International Clinical Trials Registry Platform (ICTRP) search portal, and any national registries > &
21 RN
22 . . \ . , . .. . @ c
2 corresponding to the principal investigators’ countries of origin (eg. Australian New Zealand b @
s O
2 58
25 Clinical Trials Registry, European Union Clinical Trials Register). The final registry search gS2
26 2
~ D
;é occurred in February 2017. Searches were performed by keyword, title, principal investigator, 2s2e
2>
29 | N » | | 223
30 and funding source. In addition to these characteristics, potential matches between published 3\@3
31 5.2
32 trials and registry entries were assessed based on study interventions, planned sample sizes, § s
33 2 3
34 : : : : . o 23
35 enrollment dates, and trial locations. We considered trials unregistered if neither independent > 2
36 s 3
37 search identified a corresponding registry entry. = g
38 @ =2
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40 Assessment of outcomes from the clinical trials a o
41 . . : : . _ 3 3
42 Standardized data collection forms were used to record information from published manuscripts 5 B
43 RN
44 and registry entries corresponding to each included trial. We recorded the primary and secondary 3 &
45 o
o
p . . . .. >
j? outcome(s) reported within each published manuscript. If no primary outcome was explicitly L‘i” Q
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48 . . : o
49 defined within the manuscript or abstract, we considered the outcome used for the power w
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51 calculation to be the primary published outcome. If no primary outcome was defined and there 5
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gi was no power calculation, we considered the published primary outcome to be undefined. <
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Trial outcomes were classified as positive if the study hypothesis was supported for the primary
efficacy outcome and negative if it was not. Superiority trials were considered positive if the
drug in the intervention arm was statistically superior to the control (p < 0.05) and non-inferiority
trials were considered positive if the intervention arm was not significantly worse than the
control. Trials with multiple published primary outcomes were positive if at least one efficacy
outcome was either positive (superiority studies) or not significantly different from the control
(non-inferiority studies).

For each registered trial we recorded the date of initial trial registration, the date on which a
primary outcome was first registered, the registered primary outcome(s), and registered
secondary outcomes. If changes to the registered primary outcome were made, we recorded the
primary outcome which was listed at the time trial enrollment began. Two reviewers (CJ, BM)
then independently determined whether each registered outcome was clearly defined. In order to
be considered a clearly defined primary outcome, the registered outcome needed to provide
sufficient detail to allow a reader to reasonably design a study measuring the same outcome
measure. In most cases, in order to meet this standard the registered outcome needed to describe
a specifically defined variable of interest and a specific time-point for assessment. Discrepancies
were resolved by consensus.

We considered trials which had a clearly defined primary outcome registered within 90 days of
the start of enrollment to be prospectively registered; trials registered more than 90 days after
enrollment began were classified as being retrospectively registered.

Primary outcome

For those trials with prospectively registered, clearly defined primary outcomes, we compared

the registered and published primary outcomes to assess for primary outcome switching. Two
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Q
7]
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6 financial ties independently assessed outcome consistency. Discrepancies were resolved by :C:’
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8 consensus following a review of the full manuscript and the full registry entry. Registered and T g
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N
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13 outcome for a specific study was reported as a primary outcome in the published manuscript, and E S
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>
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g <2
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22 The primary outcome for our study was the presence of a prospectively registered, clearly § =
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24 defined primary outcome that was consistent with the published outcome. We report the %mg
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33 Secondary outcomes 5 5
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40 assessed the impact of any outcome discrepancies on each trial’s statistical significance. An . §
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We compared registration outcomes between trials having principal investigators with financial
ties and those without financial ties using chi-square testing and Fisher’s exact test. Registration
outcomes were also compared between trials with and without industry funding using chi-square
testing. Logistic regression was used to assess the relationship between the presence of financial
ties and a clearly defined registered primary outcome which matched the published primary
outcome while controlling for the study start date and sample size, as these factors are both
associated with registration rate and quality.[9 12 13] Analyses were performed using PASW
Statistics v 18.0 (IBM Corp, Armonk, New York, USA). Missing data were excluded in pair-
wise fashion.

RESULTS

A total of 192 trials met inclusion criteria and were included in the analysis. Most were phase 111
trials (53%), and 70% were funded by industry (Table 1). The study cohort included trials across
a broad range of sample sizes, including 21% with fewer than 100 participants, and 27% with at
least 500 participants. Principal investigators had financial ties for 130 of the 192 included trials
(68%). These ties were most common among trials that were large (88% of trials with > 500
participants) and among trials sponsored by industry (84%). In total, 134 of the 192 included
trials (70%) were positive, and 58 (30%) were negative. Trials with financial ties were more
likely to be positive than trials with no financial ties (78% vs 53%, p = 0.001).

Table 1. Baseline characteristics of included trials.

N (%) |
Trial Characteristic All trials Financial ties Financial ties
n=192 present” absent
n=130 n=62
Study phase
Phase 11 50 (26) 38 (29) 12 (19)
Phase III 102 (53) 81 (62) 21 (34)
Phase IV 16 (8) 7(5) 9 (15)
Other 24 (13) 4 (3) 20 (32)

10
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Blinding
Double blind 146 (76) 101 (78) 45 (73)
Single blind 7(4) 54) 2(3)
Open label 37 (19) 22 (17) 15 (24)
Unknown 2(1) 2(2) 0 (0)
Sample size
<100 participants 40 (21) 17 (13) 23 (37)
100-299 participants 55(29) 36 (28) 19 (31)
300-499 participants 45 (23) 31 (24) 14 (23)
>=500 participants 52 (27) 46 (35) 6 (10)
Funding source
Any industry funding 134 (70) 113 (87) 21 (34)
Any government funding 56 (29) 23 (18) 33 (53)
Nonprofit 32 (17) 14 (11) 18 (29)
No funding reported 6(3) 1(1) 5(8)
First author continent
North America 87 (45) 69 (53) 18 (29)
Europe 68 (35) 46 (35) 22 (35)
Asia 28 (15) 8 (6) 20 (32)
Beginning of enrollment’
Prior to 2006 37 (19) 17 (13) 20 (32)
2006-2007 45 (23) 31 (24) 14 (23)
2008-2009 63 (33) 49 (38) 14 (23)
2010 or later 46 (24) 33 (25) 13 (21)

'Start date not reported for one trial
*Direct financial relationship present between first or last study author and drug manufacturer

Almost all trials were registered (97%), and the majority of trials were registered with

ClinicalTrials.gov (84%). Sixty-eight percent (131/192) of the included trials were prospectively
registered, with a median time from study start to registration of 15 days (IQR for registration
timing was from 26 days before enrollment to 116 days after enrollment; range 906 days before

enrollment to 5225 days after enrollment). Fifty-five trials (29%) were retrospectively registered,

and 6 trials (3%) were unregistered (Table 2). Among the prospectively registered trials, 103

(79%) had clearly defined primary outcomes, and 28 (21%) had unclear outcomes.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

‘salbojouyoa) Jejiwis pue ‘Buiurey |y ‘Buluiw elep pue 1xal 01 palejal sasn 1oy Buipnjoul ‘1ybliAdoo Aq paloslold

" (s3gv) Jnsuadng
juawaublasug | ap anbiydeiboljqig aouaby 1e Gzoz ‘¥T aunr uo ywoo [wquadolwg//:diy woly papeojumoq '8T0Z Areniga4 8 Uuo TEQGTO-/T0Z-uadolwaq/9eTT 0T Se paysiignd 1s.1) :uad


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

In analyzing our primary outcome, clearly defined, prospectively registered outcomes that
matched the published outcomes were present in just 76 of the 192 included trials (40%). In the
unadjusted primary outcome analysis, trials with investigator financial ties were more likely than
those without financial ties to be prospectively registered with clear primary outcomes that
matched the published primary outcomes (48% vs 23%, p < 0.001). More recent trials were more
likely than earlier trials to follow high-quality registration practices (i.e. prospectively registered
with a matching published outcome) and the proportion of trials with financial ties was also
greater among more recently initiated trials. When controlling for study start date and sample
size, the presence of investigator financial ties showed a borderline statistically-significant
association with registration quality (OR 2.12, 95% CI 0.998-4.51) (Table 3). Within this model,
study start prior to 2006 (OR 0.05, 95% CI 0.01-0.24 relative to start after 2009) and study start
in 2006/2007 (OR 0.42, 95% CI 0.18-.996) were both associated with lower rates of high-quality
trial registration. As compared to trials with no financial ties, those with the presence of financial
ties were also more likely to be prospectively registered (p < 0.01), and more likely to have
clearly registered primary outcomes (p < 0.01).

Among the 28 trials with an unclear registered primary outcome, positive results in the published
manuscript were reported for 21 (75%), and 73 of the 103 (71%) trials with clearly registered
primary outcomes reported positive results. Among the 27 trials with unmatched registered and
published primary outcomes, 22 (81%) reported positive results, as compared with 51/76 (67%)
of those with matching outcomes.

Trials with industry funding were more likely than those without to be registered with a clear
primary outcome that was consistent with the published outcome (46% vs 24%, p <.01), and

trials with either investigator financial ties or industry funding were also more likely than those

12
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2 without any industry ties to be registered with a clear, consistent primary outcome (44% vs 22%, ;5;.
. p<.01). 5
9 Table 2. Registration characteristics of included trials. > %
: N .
12 Study characteristic All trials Financial ties  Financial ties g §
13 n=192 present absent g 3
14 n=130 n=62 S &
" Registered at any time 186 (97) 130 (100) 56 (90)" z B
17 Registered prospectively 131 (68) 101 (78) 30 (48)11 5 >
18 Prospectively registered with 103 (54) 81 (62) 22 (35) c I
19 clearly defined primary 3 =1
20 outcome > &
21 Prospectively registered and 76 (40) 62 (48) 14 (23)! é N
;g published primary outcomes 2 o
" are consistent s 3
25 Prospectively registered 27 (14)* 19 (15) 8 (13) g_‘é’ §
26 primary outcome inconsistent = g_§
27 with published primary g2
28 outcome o33
29 Registered primary 11 (6) 7(5) 4 (6) am3
2(1) outcome reported as §9§
32 secondary outcome in 3 =
33 published manuscript =l g
34 Registered primary 503) 5@4) 0(0) S
35 outcome not reported in % >
36 published manuscript g (—f
g; Published manuscript 12 (6) 10 (8) 2(3) g 3
39 includes new primary 5 9
40 outcome > o
41 Published primary outcome 4(2) 3(2) 1(2) 3 2
42 described as secondary in 5 R
43 registry T 0N
44 Timing of assessment of 7 (4) 6 (5) 1(2) 3 &
45 primary outcome variable g B
46 . . e »
47 differs between registry o %‘é
48 and manuscript 2
49 Does registration discrepancy n=27 n=19 n=2_8 ©
50 favor statistically significant %
51 published results? 5
52 Yes 14 (52) 12 (63) 2 (25) S
gj No 8 (30) 3(16) 5(63) 2
55 Unknown 5(19) 4 (21) 1(13) o
56 'p <0.001 -
57 2
58 13 r.g
59 ®
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unadjusted analysis and after adjusting for study characteristics.

Study characteristic N

Unadjusted OR
(95% CI)

Adjusted OR
(95% CI)

Date enrollment began:

Prior to 2006 37
2006-2007 45
2008-2009 63
After 2009 46

Study size (per 100 participants)

Investigator financial ties present:
Yes 130

0.04 (0.01-0.21)
0.42 (0.18 to 0.99)
0.79 (0.37 to 1.71)

1.03 (1.00 to 1.06)

3.13 (1.57 t0 6.22)

0.05 (0.01 to 0.24)
0.41 (0.18 to 1.00)
0.73 (0.33 to 1.60)

1.0 (0.99 to 1.05)

2.12 (1.00 to 4.51)

No 62 _

Discrepancies between registered and published primary outcomes were present in 27 trials. The
most commonly observed discrepancies were the addition of a new primary outcome in the
published manuscript (n = 12) and reporting a registered primary outcome as a secondary
outcome in the manuscript (n = 11). Among trials with financial ties present, 12 of 19 (63%)
discrepancies favored the publication of a statistically significant result, 3 (16%) did not, and 4
(21%) could not be classified. Among trials without financial ties, 2 of 8 (25%) discrepancies
favored statistical significance, 5 (63%) did not, and 1 (13%) could not be classified.

Rates of retrospective registration, unclear outcome registration, and inconsistencies between
registered and published primary outcomes were all similar between positive and negative trials
(Table 4). The impact of primary outcome inconsistencies on the statistical significance of the
published outcomes is described in Table 5.

Table 4. Presence of investigator financial ties and evaluation of registration quality among
positive and negative trials.

N (%)

14
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1
2
3 Study characteristic Positive trials Negative trials P value
. n=134 n=58
6 Financial ties present 101 (75) 29 (50)' 0.001
7 Financial ties absent 33 (25) 29 (50) '
8 Registered at any time 130 (97) 56 (97) 1.0
9 Registered prospectively 94 (70) 37 (64) 0.39
1(1) Prospectively registered with clearly 73 (54) 30 (52) 0.67
19 defined primary outcome
13 Prospectively registered and 51 (38) 25 (43) 0.51
14 published primary outcomes are
15 consistent
16 'p=0.001
17 P
18
19
20 . . . . . . .
21 Table 5. Statistical significance of primary outcome changes among prospectively registered
22 trials with inconsistent registered and published outcomes.
: NG
[ 1

25 Study characteristic Positive trials Negative trials P value
26 n=22 n=>5
27 Impact of outcome discrepancy on
;g statistical significance
30 Newly significant published 12 (55) 2 (40)
31 primary outcome
32 No newly significant published 6 (27) 2 (40) 0.82
33 primary outcome
34 Unable to determine significance 4 (18) 1 (20)
22 of outcome change

1 _
37 p = 0.001
38
39
40 DISCUSSION
41
fé We assessed the consistency between prospectively registered and published primary outcomes
44
45 among 192 trials that were characterized according to the presence or absence of financial ties
46
47 among the principal study investigators. We found that approximately half of the trials with
48
gg financial ties were registered appropriately, with a clear, prospectively defined primary outcome
g; which matched the published outcome, and fewer than one quarter of trials without financial ties
53
54 met this standard. However, after controlling for other relevant trial characteristics these
55
56 differences reached only borderline significance. Retrospective registration, registration with
57
58 15
59
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unclear primary outcomes, and inconsistencies between registered and published outcomes were
common within this cohort of clinical trials regardless of the presence of industry-related
financial ties among principal investigators.

This study represents an attempt to understand why trials in which principal investigators have
financial interests at issue are more likely to produce positive outcomes as compared to trials
without direct investigator financial interests at stake. This pattern is troublesome as it suggests
that clinical equipoise, and therefore the ethical justification to randomize participants to
different treatment groups, may be violated.[14]

Several primary mechanisms exist which might result in higher rates of positive trial results
among those with investigator financial ties. First, it is possible that investigators with financial
ties make study design decisions which increase the chances of producing a trial with positive
results. These decisions potentially include choosing comparators or selecting dosages which
favor the intervention, selecting outcomes which favor the intervention, or choosing data analysis
techniques which are more likely to produce favorable results.[3-5 15 16] Our study design was
unable to address this possibility. However, given the existing evidence showing that study
design decisions sometimes introduce bias into industry-sponsored trials, it is likely that similar
problems may affect trials with investigator financial ties. Second, it is possible that investigators
with financial interests are more likely than others to change primary published outcomes in
order to favor statistically significant results. We observed some evidence of outcome switching
favoring positive results among trials in which financial ties are present, but this does not appear
to be more common than among trials in which investigators do not have financial ties.

Another possibility is that trials with financial ties may be at higher risk of nonpublication due to

publication bias.[6 7] In other words, investigators with financial ties may be less likely to

16
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2 publish trials with results that they perceive as being unfavorable. Previous studies have shown g
Q
7]
5 . . . . . .
6 that registered trials sponsored by industry are less likely to be published than those without :C:’
[y
7 w
8 industry sponsorship.[17-19] However, the relationship between investigator financial ties and T %
9 S 5
9]
10 publication has not been thoroughly assessed. While our data do not directly address the = §
1 o 3
N
o o
g relationship between investigator financial ties and non-publication, we did not observe s =
o &
14 . o . . o 8
15 increased rates of retrospective registration or failure to register among trials with investigator @ §
>
16 =~ o
= =}
17 financial ties, which could create the opportunity for bias. Importantly, the absence of this a2 ®
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o
;? outcomes.[ 16] Industry-funded trials are often performed for regulatory purposes; as such they ° %%’
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32 3 5
5 32
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38 results. The majority of the included trials were started between 2006 and 2010. Trial registration & 3
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40 patterns have evolved over time, and observations based on this cohort may not reflect current 0 §
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. . . . . . ) =
g practice.[12] The process of assessing registered and published outcomes necessarily involves 2 f}
[
44 . o . . = 5
45 making somewhat subjective judgements regarding the consistency of these outcomes. We 3
4 € 2
47 addressed this issue by utilizing multiple independent raters, and in most cases the observed & g
48 ®
. . . . . . o
42 outcome inconsistencies were not subtle. Importantly, our results are consistent with findings =5
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which we defined as the first and last study authors. It is possible that for some trials other
members of the research team did have financial ties and exerted significant influence over the
conduct and reporting of these trials. However, in most cases the first and last study authors are
primarily responsible for study conduct and reporting, and inclusion of other authors in this
analysis would have potentially diluted any observed relationship between financial ties and
study outcomes or registration practices. Finally, we defined retrospective registration as
registration which occurred more than 90 days after the start of trial enrollment. While the

ICMIE requires that registration occur prior to beginning enrollment, previous studies have used
this 90 day definition.[25] In this case, we considered it unlikely that registration within 90 days
after the start of enrollment would have been performed in response to an analysis of the trial
data, and that registration within this timeframe is likely more reflective of poor familiarity with
registration requirements rather than an attempt to impact the trial outcome by changing outcome
definitions.

CONCLUSIONS

We observe that regardless of the presence of financial ties, less than half of the trials in this
cohort were prospectively registered with a clear primary outcome which was consistent with the
primary outcome reported in the published manuscript. Registration practices within this cohort
were consistently poor, and after adjusting for relevant factors registration quality did not differ
substantially between trials with and without investigator financial ties. These results do not
support our hypothesis that post-hoc outcome switching explains the high rate of positive results
among trials with investigators that have financial ties to industry. If the findings of RCTS are to
appropriately inform patient care, the primary findings reported must reflect the study’s

prespecified outcome measures. Trial investigators, sponsors, peer reviewers, and editors all

18

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

@
Page 18%f 24

‘salbojouyoa) Jejiwis pue ‘Buiurey |y ‘Buluiw elep pue 1xal 01 palejal sasn 1oy Buipnjoul ‘1ybliAdoo Aq paloslold

" (s3gv) Jnasdns

juawaublasug | ap anbiydeiboljqig asuaby 1e Gzoz ‘vT aunr uo ywod [wq uadolwg/:diy wolj papeojumoq ‘8T0Z Arenigad 8 Uuo TE86TO-/T0Z-uadolwag/9eTT 0T Se paysiignd 1si


http://bmjopen.bmj.com/

pen: first published as 10.1136/bmjopen-2017-019831 on 8 February 2018. Downloaded from http://bmjopen.bmj.com/ on June 14, 2025 at Agence Bibliographique de | Enseignement
Superieur (ABES) .
Protected by copyright, including for uses related to text and data mining, Al training, and similar technologies.

[e)]
—l
el
L
=
Q
[P}
o
»n
[}
=
o —
5 €
2 £
e <
5 o
o £
3 3
= k=
~—
= (®)]
o =
Lﬂlbu w
m |..w
3 3
o =
wv
1 ~
o €
. o
U O
g 2 3
o =
0
(@] = 2
=) a <
s = g
2 £
72} 0
S £
o <
Lm _VI
= 2
) o
= =
z @
[en) >
) g
g
2 Q
= 7 o
s g b
— m
n
= Q
) Q
+=
& =3
b ]
5 2
m <
° B
< —
= (o8
<
~
Y
o
(o)}
—
&
© O AN N ITINUOUMNOVIOATOD — AN MNMTNMUONODONO AN NMTINUONOVOINO —AMTWNMONOOANO—ANMSTWNOMNOOO O
(a8 — AN MNMTNONOOODNN e —c—c—c—AANANANANANANANANANMMO OO OO NN NN T T T TITTTTTITTNDNONDWNDWNDWOMWLLWLWLWLMWLO


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

Funding: This research received no specific grant from any funding agency in the public,
commercial or not-for-profit sectors. SK is funded by grants from the National Institutes of
Health (RO1 HL116522-01A1, RO1 HL114563-01A1) and Veterans Affairs Health Services
Research and Development Service (1IP1HX001994). DK is funded by a Cancer Center Support
Grant from the National Cancer Institute to Memorial Sloan Kettering Cancer Center (award

number P30 CA008748).

Acknowledgements: None

Authors’ contributions: CJ conceived the study. CJ, TPM, and SK all contributed to the study
design. CJ, BM, AA, RA, AW, and SS performed data collection. SK, DK, and CJ verified the data.
CJ, BM, TPM, EM, SK, RA, AW, AA, SS, and DK analyzed and interpreted the data. CJ drafted the
manuscript, and all authors critically revised the manuscript and read and approved the final

manuscript.

Competing interests: We have read and understood BMJ policy on declaration of interests and
declare the following interests: CJ is an investigator on unrelated studies sponsored by
AstraZeneca, Roche Diagnostics, Inc, Hologic, Inc, and Janssen, for which his department
received research grants. The remaining authors declare no additional competing interests.
Ethics approval: N/a

Data sharing: The full dataset is available from the corresponding author on reasonable request.

20

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

K
Page 26%f 24

‘salfojouyoa) Jejlwis pue ‘Bulurel) |V ‘Buluiw elep pue 1xa) 0] parejal sasn 1oy Buipnjoul ‘1ybuAdoo Agq paroslold

" (s3gv) Jnsuadng

1uawauBlasug | ap enbiydeiboilqig 8ousby e GZoz ‘v'T aunr uo jwod fwg uadolwag/:dny woly papeojumod ‘8T0Z Alenigad g Uuo TE8ETO-.T0Z-uadolwag/9eTT 0T Se paysiignd 1si


http://bmjopen.bmj.com/

QO
Page 21 of 24 BMJ Open %

=

=
1 S
2 o

=0
43; REFERENCES §

7]
Z 1. Freedman B. Equipoise and the ethics of clinical research. The New England journal of medicine E’
7 1987;317(3):141-5. 2
8 2. Ahn R, Woodbridge A, Abraham A, et al. Financial ties of principal investigators and randomized T ©
9 controlled trial outcomes: cross sectional study. Bmj 2017;356:i6770. % %-
10 3. Johansen HK, Gotzsche PC. Problems in the design and reporting of trials of antifungal agents % §
1 encountered during meta-analysis. Jama 1999;282(18):1752-9 2 5
12 4. Rochon PA, Gurwitz JH, Simms RW, et al. A study of manufacturer-supported trials of nonsteroidal “g %
12 anti-inflammatory drugs in the treatment of arthritis. Archives of internal medicine § )
15 1994;154(2):157-63 2 §
16 5. Safer DJ. Design and reporting modifications in industry-sponsored comparative psychopharmacology Z g
17 trials. The Journal of nervous and mental disease 2002;190(9):583-92. 3 .
18 6. McGauran N, Wieseler B, Kreis J, et al. Reporting bias in medical research - a narrative review. Trials g py
19 2010;11:37. -
20 7. Turner EH, Matthews AM, Linardatos E, et al. Selective publication of antidepressant trials and its S g
21 influence on apparent efficacy. The New England journal of medicine 2008;358(3):252-60. c N
22 8. Vedula SS, Bero L, Scherer RW, et al. Outcome reporting in industry-sponsored trials of gabapentin for § &
;i off-label use. The New England journal of medicine 2009;361(20):1963-71. % Y
25 9. Huic M, Marusic M, Marusic A. Completeness and changes in registered data and reporting bias of g_‘é’ §
26 randomized controlled trials in ICMJE journals after trial registration policy. PLoS One 5] %_§
27 2011;6(9):e25258. Q’g o
28 10. Jones CW, Keil LG, Holland WC, et al. Comparison of registered and published outcomes in 533
29 randomized controlled trials: a systematic review. BMC medicine 2015;13:282. al?l?l 3
30 11. Mathieu S, Boutron |, Moher D, et al. Comparison of registered and published primary outcomes in §Q§
31 randomized controlled trials. Jama 2009;302(9):977-84. ; ' ;r
;; 12. Viergever RF, Li K. Trends in global clinical trial registration: an analysis of numbers of registered 5 3
34 clinical trials in different parts of the world from 2004 to 2013. BMJ open 2015;5(9):e008932. é’ %
35 13. Chan AW, Pello A, Kitchen J, et al. Association of Trial Registration With Reporting of Primary > 2
36 Outcomes in Protocols and Publications. Jama 2017 doi: 10.1001/jama.2017.13001. 5 3
37 14. London AJ. Equipoise in Research: Integrating Ethics and Science in Human Research. Jama g g
38 2017;317(5):525-26. e 3
39 15. Heres S, Davis J, Maino K, et al. Why olanzapine beats risperidone, risperidone beats quetiapine, and %J_ S
40 quetiapine beats olanzapine: an exploratory analysis of head-to-head comparison studies of @, §'
j; second-generation antipsychotics. The American journal of psychiatry 2006;163(2):185-94. ?.)- NA
43 16. Lundh A, Lexchin J, Mintzes B, et al. Industry sponsorship and research outcome. The Cochrane % 3:)
44 database of systematic reviews 2017;2:MR000033 doi: 10.1002/14651858.MR000033.pub3. 2 g
45 17. Jones CW, Handler L, Crowell KE, et al. Non-publication of large randomized clinical trials: cross ?_> g
46 sectional analysis. Bmj 2013;347:f6104. Q Z
47 18. Ross JS, Mulvey GK, Hines EM, et al. Trial publication after registration in ClinicalTrials.Gov: a cross- 3 2
48 sectional analysis. PLoS Med 2009;6(9):e1000144. ®
49 19. Bourgeois FT, Murthy S, Mandl KD. Outcome reporting among drug trials registered in g
50 ClinicalTrials.gov. Ann Intern Med 2010;153(3):158-66. §
g; 20. Anand V, Scales DC, Parshuram CS, et al. Registration and design alterations of clinical trials in critical g
53 care: a cross-sectional observational study. Intensive Care Med 2014;40(5):700-22. _g
54 21. Hartung DM, Zarin DA, Guise JM, et al. Reporting discrepancies between the ClinicalTrials.gov results S
55 database and peer-reviewed publications. Ann Intern Med 2014;160(7):477-83. 2
56 m
57 »
58 21 ;;D.
59 )
60 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml §


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

22. Li XQ, Yang GL, Tao KM, et al. Comparison of registered and published primary outcomes in
randomized controlled trials of gastroenterology and hepatology. Scand J Gastroenterol
2013;48(12):1474-83.

23. Walker KF, Stevenson G, Thornton JG. Discrepancies between registration and publication of
randomised controlled trials: an observational study. JRSM Open 2014;5(5)

24.You B, Gan HK, Pond G, et al. Consistency in the analysis and reporting of primary end points in
oncology randomized controlled trials from registration to publication: a systematic review. J
Clin Oncol 2012;30(2):210-6.

25. Zarin DA, Tse T, Williams RJ, et al. Update on Trial Registration 11 Years after the ICMJE Policy Was
Established. The New England journal of medicine 2017;376(4):383-91.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

22

@
Page 220f 24

‘salbojouyoa) Jejiwis pue ‘Buiurey |y ‘Buluiw elep pue 1xal 01 palejal sasn 1oy Buipnjoul ‘1ybliAdoo Aq paloslold

" (s3gv) Jnsuadng

juawaublasug | ap anbiydeiboljqig asuaby 1e Gzoz ‘vT aunr uo ywod [wq uadolwg/:diy wolj papeojumoq ‘8T0Z Arenigad 8 Uuo TE86TO-/T0Z-uadolwag/9eTT 0T Se paysiignd 1si


http://bmjopen.bmj.com/

s 5
Page 23 of 24 BMJ Open 8 &
T B
< ©
S ®
o) w
> [l
1 ~ o
- 3
2 3 ®
3 S @
4 STROBE 2007 (v4) Statement—Checklist of items that should be included in reports of coéor%tudies
A
5 o <
° : . Item c B
7 Section/Topic o Recommendation § 5 Reported on page #
8 g
3 U
9 Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the abstract % g 1
=)
) >
1(1) (b) Provide in the abstract an informative and balanced summary of what was done and what was f?éc::mﬁ 2
o=
12 Introduction § C o
13 Background/rationale 2 Explain the scientific background and rationale for the investigation being reported S’J; g 5
14 o> ®3
15 Objectives 3 State specific objectives, including any prespecified hypotheses g M= 5
==
16 Methods 8- 2
1; Study design Present key elements of study design early in the paper g: S
19 Setting Describe the setting, locations, and relevant dates, including periods of recruitment, exposure, foII@v u% and data
o
20 collection > ;_
21 Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection of participants. Describe mﬁth@s of follow-up 6
22 S5 o
= o
23 (b) For matched studies, give matching criteria and number of exposed and unexposed e 3 n/a
24 Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect modifiers. leg_dlagnostlc criteria, if 7-9
(&
;2 applicable 0 <
3
57 Data sources/ 8* For each variable of interest, give sources of data and details of methods of assessment (measurergentﬁDescrlbe 6-8
2 >
28 measurement comparability of assessment methods if there is more than one group =
@)
29 Bias 9 Describe any efforts to address potential sources of bias % N 6,7,10
30 Study size 10 Explain how the study size was arrived at % 2 6
>
g; Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable, describe which grouﬁng%uere chosen and 9-10
33 why @ a
34 Statistical methods 12 | (a) Describe all statistical methods, including those used to control for confounding o] 10
o
22 (b) Describe any methods used to examine subgroups and interactions '§' 9
37 (c) Explain how missing data were addressed _:!E n/a
38 (d) If applicable, explain how loss to follow-up was addressed g n/a
39 (e) Describe any sensitivity analyses o n/a
[oX
40 Results e
41 il
=}
42 o
®
43 ug'
44 @
45 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml g
=}
46 -



http://bmjopen.bmj.com/

oNOYTULT D WN =

Page 24 of 24

s 5
BMJ Open 8 &
T B
< ©
S ®
«Q w
> [l
=~ o
- >
3 o
c J
articipants a) Report numbers of individuals at each stage of study—eg numbers potentially eligible, examine 'orUIigibiIity, confirmed | 10
Part t 13* R t b f individuals at each st f stud b tentially eligibl ng
eligible, included in the study, completing follow-up, and analysed o g
(b) Give reasons for non-participation at each stage < ] n/a
. . D o
(c) Consider use of a flow diagram v ®
3 U
Descriptive data 14* | (a) Give characteristics of study participants (eg demographic, clinical, social) and information on e%c()/s)tges and potential Table 1
confounders 23
— D
(b) Indicate number of participants with missing data for each variable of interest o= <3 Table 1
LanY"
¢) Summarise follow-up time (eg, average and total amoun x = n/a
(©)S ise foll time (eg ge and total t) 22 /
Outcome data 15* | Report numbers of outcome events or summary measures over time g :5% 11
=N
Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their precisio m3§5% confidence 11-12
interval). Make clear which confounders were adjusted for and why they were included D - E
3 T
(b) Report category boundaries when continuous variables were categorized 5 3
(c) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful timé)ergd
11%)
Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and sensitivity analyses 2> :_ 12-15
Discussion g. 5
Key results 18 | Summarise key results with reference to study objectives é' g 15
Limitations }_zg E
Interpretation 20 | Give a cautious overall interpretation of results considering objectives, limitations, multiplicity of arfglysg, results from 16-17
. . . 5 >
similar studies, and other relevant evidence =)
> P
Generalisability 21 Discuss the generalisability (external validity) of the study results g2 » 17
o)) N
Other information 2 g
3 T
Funding 22 Give the source of funding and the role of the funders for the present study and, if applicable, for tige orfginal study on 20
o
which the present article is based =3 3;
3 2
: o

Lo . . . . . . ® . .
*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and unexposed groups in cohorgand cross-sectional studies.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and published examples®f transparent reporting. The STROBE
checklist is best used in conjunction with this article (freely available on the Web sites of PLoS Medicine at http://www.plosmedicine.orgéAnnals of Internal Medicine at

ol|q

http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is available at www.strobé-statement.org.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

1uswaublasug |ap o


http://bmjopen.bmj.com/

