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factors associated with possible bias.

Results: Of the 54 trials analyzed, 34 (63%) reported commercial sponsorship. Com-
mercial sponsorship was not associated with the reporting of favorable outcomes,
presence of spin, retrospective registration, or protocol-manuscript discrepancy. Spin
was most prevalent in the abstract conclusions (9 out of 17 [53.3%]) and manuscript
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Conclusion: There were few significant differences between trial characteristics, sug-
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phylaxis in patients with cancer is unlikely to be subject to bias attributable to
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No significant difference in trial characteristics
between commercially and non-commercially
sponsored trials

Commercial sponsorship is not associated
with favourable outcomes, spin, retrospective
registration, or protocol-manuscript discrepancy

Commercially sponsored trials are more likely to
employ intention-to-treat analysis

Non-commercially sponsored trials are more
likely to retrospectively register trials and report
primary composite outcomes

bias*, cancer, funding source, neoplasms*, primary prevention*, randomized controlled trials*,
sponsorship, trial characteristics, venous thromboembolism*, VTE prophylaxis

« Many venous thromboembolism randomized controlled trials (RCTs) are commercially sponsored.

* The funding source can affect the characteristics of RCTs of venous thromboembolism prophylaxis in patients with cancer.

« Commercial and noncommercially sponsored RCTs are comparable in trial characteristics and outcome.

+ Commercially sponsored RCTs in this field are unlikely to be subject to bias.

1 | INTRODUCTION

Randomized control trials (RCTs) play an important role in informing
evidence-based practice in thromboprophylaxis. A high-quality RCT
requires significant resources to ensure methodological rigor and to
address challenges with loss to follow-up and limited sample size [1].
However, the source of trial funding may influence the reporting and
interpretation of study findings through the participation of the
sponsor in the study design, data collection and analysis, and manu-
script writing [2]. Recent evidence has found that commercially
sponsored trials may be at greater likelihood of reporting favorable
outcomes, employing a noninferiority design, and being published in a
higher-impact journal [3-8]. Commercially sponsored groups were
also found to be more likely to influence the design, methods, and
reporting of RCTs through paid consultancy fees and honorariums
[5,9]. On the other hand, some studies have found that selective
reporting of outcome also occurs frequently in government-funded
trials [10]. Others have found no significant differences in study

outcomes between commercially sponsored and noncommercially
sponsored trials [11,12].

Early RCTs investigated the efficacy of anticoagulants, such as
unfractionated heparin, vitamin K antagonists, and warfarin, as
methods of primary prophylaxis [13-16]. Later trials established
low-molecular-weight heparins (LMWHs) as the gold standard for
venous thromboembolism (VTE) prophylaxis [13-18]. Currently,
clinical guidelines still recommend LMWHSs for primary VTE pro-
phylaxis for patients with ambulatory cancer with a low risk of
bleeding, although there is a lack of strong evidence to support
[19,20]. RCTs
thromboprophylaxis are needed to improve the quality of evidence

these recommendations investigating primary
and better define clinical practice guidelines. More recently, direct
oral anticoagulants have become a subject of interest in cancer-
associated thromboprophylaxis research [21-24]. It has been sug-
gested that certain direct oral anticoagulants (apixaban and rivar-
oxaban) may be appropriate primary prophylactic agents in patients

with cancer.
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Spin, defined as “the manipulation of scientific language that
skews the interpretation of results,” threatens the accurate interpre-
tation of trial results and application by clinicians [25,26]. Authors may
consciously or subconsciously use spin in their interpretation of the
results to suggest favorable outcomes despite statistical non-
significance. The relationship between spin and trial funding sources
has been previously investigated in different medical fields.
Commercially sponsored trials in cardiovascular research were more
likely to employ spin to convey negative results as treatment equiv-
alence and to emphasize the significance of secondary outcomes
despite nonsignificant findings for the primary outcome [7,27,28].
Similarly, positive associations between commercial sponsorship and
spin have been observed in plastic surgery and emergency medicine
research [29,30]. However, spin was not associated with commercial
sponsorship in fields such as bariatric surgery, obstetrics, and psy-
chology [31-33]. Studies in oncology also found that commercially
sponsored trials were more likely to use robust research methods and
that the absence of commercial sponsorship was associated with
higher spin prevalence [12,34].

Considering the risk of VTE in patients with cancer and the
number of RCTs conducted on thromboprophylaxis, a systematic
review is required to assess the role of trial funding sources on
the current evidence base for VTE prophylaxis. This study inves-
tigated publication characteristics, sample size and follow-up, pri-
mary outcomes, trial results, and spin in commercially and
noncommercially funded VTE prophylaxis trials for patients with

cancer.

2 | METHODS

2.1 | Study design and registration

The study protocol was registered in the International Prospective
Register of Systematic Reviews (CRD42022319290). The study was
reported based on the Preferred Reporting Items for Systematic Re-
views and Meta-Analyses guideline; the checklist is found in
Supplementary Table S1. This study did not require ethics approval as

all data was publicly available.

2.2 | Search strategy

MEDLINE, Embase, and Cochrane Central Register of Controlled
Trials were searched with the aid of a medical librarian at McMaster
University from inception to December 2021. Forward and backward
citation searching was also conducted using Google Scholar and the
reference lists of the included articles to identify additional citations
that were not captured in the initial search. All citations were im-
ported into EndNote X9 (Clarviate Analytics) to remove duplicates.

The detailed search strategy is found in Supplementary Table S2.
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2.3 | Study selection, data extraction, and outcomes
Two reviewers (J.K. and L.Z) independently conducted title, ab-
stract, and full-text screening using the Rayyan software for sys-
tematic reviews (Qatar Computing Research Institute). Eligible
studies were full-text articles in English that assessed pharmacologic
or nonpharmacologic primary prophylaxis of VTE in patients with
cancer (defined as the composite of pulmonary embolism and deep
vein thrombosis). The only included study types were RCTs, ran-
domized cross-over trials, and post hoc analyses of RCTs. Exclusion
criteria included articles investigating secondary VTE prophylaxis,
prophylaxis for non-VTE indications, or studies with pediatric
populations.

Four reviewers conducted data extraction independently (A.H.,
CL, JK, and LZ). A fifth reviewer (P.Y.L) resolved any conflicts.
Characteristics extracted included trial sponsorship, the name of trial
sponsors, cancer type of the study sample, primary prophylactic agent,
control type, single-center or multicenter study, geographic locations
of participating centers, primary outcome, bleeding definition if
applicable, primary analysis sample (intention-to-treat [ITT], as-
treated, or per-protocol), primary analysis comparison type (superi-
ority, equivalence, or noninferiority), number of screened patients,
sample size, statistical power, treatment effect size estimation, num-
ber of events for the intervention and control groups, number of loss
to follow-up, the P value of the primary outcome, and spin. Corre-
sponding authors were contacted via email for missing information.

Our primary outcome was funding source. Our secondary out-
comes included reporting of a favorable outcome, spin (as previously
defined by Boutron et al. [25]), sample size, number of events, multi-
center vs single-center, retrospective registration, trial design (supe-
riority, noninferiority, equivalence), usage of ITT analysis, employment
of composite primary outcome, estimated treatment effect, power,
loss to follow-up, and discrepancy of primary outcome between

publication and registered protocol.

2.4 | Outcome definitions

241 | Commercial vs noncommercial

RCTs were considered commercially sponsored if they were initi-
ated by commercial sources or by an investigator and reported
being sponsored by a commercial source in the study methods. The
provision of drugs alone was not considered as commercial
sponsorship. Studies that were government, hospital, or
investigator-initiated and either unfunded or received sponsorship
from a government or hospital source were considered non-
commercially funded. Authors were contacted if the paper did not
mention funding sources. Studies in which the author(s) reported
personal conflicts of interest but did not report direct funding of the

study were considered noncommercial.
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TABLE 1 Spin criteria by Nguyen et al. [27].
Assessment Criteria

Spin strategies

Strategy 1
Strategy 2
adverse event.
Strategy 3
outcome.
Strategy 4 Other/undefined/multiple strategies.

Overall grade

Grade A Spin in the title or abstract conclusions.
Grade B Spin elsewhere in the abstract or in the conclusion.
Grade C Spin not in the abstract or conclusion.

2.4.2 | Classification of favorability

Studies were considered favorable if at least 1 primary outcome
reached statistical significance that favored the experimental inter-
vention. Superiority trials are designed to test whether the experi-
mental intervention is better than the control. Noninferiority trials
test whether the experimental intervention is not worse than the
control. Equivalence trials test whether the efficacy of the experi-

mental intervention is equal to the control.

2.4.3 | The discrepancy between trial registration
and the published article

The final reporting of the primary outcome in the RCTs was
compared with their registered protocols. A discrepancy was
defined as a deviation in the primary outcome in the manuscript
and protocol. A discrepancy was identified when 1) a primary
outcome in the protocol was reported as a secondary outcome in
the manuscript, 2) a new primary outcome was reported in the
manuscript that was not defined a priori in the protocol, 3) a pre-
specified primary outcome in the trial registration was not reported
in the final manuscript, and 4) discrepancies were found in the

length of follow-up.

2.4.4 | Primary outcome identification

To identify the primary outcomes, we looked for explicit mention of
primary outcomes in the abstract of included manuscripts. If not
present, we referred to the methodology first, then to statistical tables
or calculations. If the primary outcome was not stated or was uncer-
tain, the paper was excluded.

Authors pivoted on statistically significant secondary results in the form of focus on within-group comparison.

Authors interpreted statistically nonsignificant results of the primary outcomes to show treatment equivalence or to rule out an

Authors emphasized the beneficial effect of the treatment with or without acknowledging the statistically nonsignificant primary

2.4.5 | Appraisal of spin

Spin is defined as the “manipulation of language that distorts the
interpretation of objective findings” [27]. As studies that find statis-
tical significance would not demonstrate spin, studies that identified a
primary outcome with P < .05 were not assessed for spin.

Nguyen et al’s [27] adaptation of Boutron et al’s [25] spin
framework (Table 1) was used to evaluate spin in studies that did not
report a statistically significant primary outcome. To summarize the
strategy of the spin framework, if the authors modified their analysis
to focus on statistically significant secondary results in the form of
within-group comparisons, the paper was assigned spin strategy 1. If
the authors interpreted the nonsignificant results to rule out an
adverse event or show treatment equivalence, the paper was assigned
spin strategy 2. If the authors emphasized the benefits of treatment
with or without acknowledging the statistically nonsignificant out-
comes, the paper was assigned spin strategy 3. If the paper did not fit
into strategy 1, 2, or 3, it was categorized as spin strategy 4.

In terms of the level of spin, low spin suggests an acknowledgment
of nonsignificant outcomes. However, uncertainty in the framing often
portrays equivalence or similar efficacy, and there is a recommendation
for further research. Moderate spin was present if the conclusions
claimed equivalence and used uncertain language. High spin was pre-
sent if the papers did not acknowledge statistical nonsignificance,
focused on subgroups, and gave no recommendations for further
research. For the location of spin, grade A was given if the spin was
present in the title or abstract conclusions, grade B if the spin was
present elsewhere in the abstract or conclusion, and grade C if the spin
was present elsewhere other than the abstract and conclusion. Articles
were reviewed by C.L. and A.H. independently and in duplicate. Given
that the interpretation of spin results can be subjective, interrater
reliability for spin was ensured through a pilot analysis. J.K. and L.Z.
conducted a secondary analysis, resolving discrepancies by referring to

the example spin statements in the Supplementary Material
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by Boutron et al.[25]. Any remaining disagreements were addressed by
P.Y.L.

2.5 | Quality assessment

Quality assessment was completed by the reviewers (C.L, AH., LZ,
and J.K.) using the Joanna Briggs Institute’s (JBI) Critical appraisal
tools. The JBI checklist includes the assessment of the appropriate-
ness of study design, study population, outcomes, and statistical
analysis. Questions were evaluated using 4 options: yes, no, unclear,
or not applicable. The reviewers met to discuss the results of their
appraisal, and any outstanding disagreements were resolved by a fifth
reviewer (P.Y.L.). The JBI Critical Appraisal checklist for RCTs is in
Supplementary Table S3.

2.6 | Statistical analysis

Categorical variables were extrapolated as counts and continuous
variables as numbers, decimals, or percentages. Continuous variables
were compared using the independent t-test should the sample be
normally distributed or the total sample size was no less than 30;
otherwise, the Mann-Whitney U-test was performed. The Shapiro-
Wilk normality test determined the normality of the distribution of
the sample. Categorical variables were compared using the Pearson
chi-squared test and Fisher's exact test. Fisher's exact test was
prioritized over the Pearson chi-squared test for any categories with
frequencies < 5.

Logistic regression was used to identify factors associated with 1)
favorable outcomes, 2) presence of spin, 3) discrepancy between
registered protocol and reported outcome, and 4) retrospective trial
registration. The covariates included trial sponsorship, presence of
composite outcome, sample size, number of participants lost to follow-
up, year of publication, type of trial (multicenter or single-center),
duration in days, primary pharmacologic agent, and usage of ITT
analysis. These covariates were selected a priori based on clinical
judgment and previous literature. Other than primary pharmacologic
agent, all of these covariates were also critical confounders analyzed
in a similar analysis by Gaudino et al. [7] in the field of cardiovascular
interventions.

Independent variable selection for the logistic regression model
was achieved using the univariate analysis screening approach, given
that there were 9 covariates of interest and inclusion of too many
independent variables in the multivariate analysis may result in
decreased generalizability [35]. A univariate analysis was first con-
ducted for each covariate-dependent variable pair, and multivariate
logistic regression included covariates significantly associated with the
dependent variable in univariate analysis. The findings are presented
in terms of the exponential value of the regression coefficient (Exp [B])
with its corresponding 95% Cl. A P < .05 was selected to indicate
statistical significance. All analyses were performed with R 4.1.2

(R Foundation for Statistical Computing).
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3 | RESULTS

The literature search retrieved 9886 articles after the removal of
duplicates (Figure). Of 127 full-text articles screened for inclusion, a
total of 54 articles were included for qualitative and quantitative
analysis. Of the 54 studies, 34 (63%) were commercially sponsored,
and 20 (37%) were noncommercially supported (Table 2). Most trials
used a superiority design (n = 48, 88.9%).

In comparison to commercially sponsored trials, noncommercially
sponsored studies were more likely to report retrospective registra-
tion of the trial protocol (13 of 20 [65%] vs 7 of 34 [20.6%]; P = .007)
and to define their primary outcome as a composite measure (18 of 20
[90%)] vs 20 of 34 [58.8%]; P = .048). Commercially sponsored trials
were more likely to use ITT analysis than noncommercially funded
trials (25 of 34 [73.5%] vs 6 of 20 [30%]; P = .0006).

Most studies reported 80% power, and no significant difference
was found in the estimated treatment effect size between commer-
cially and noncommercially sponsored groups. There were no signifi-
cant differences in the number of screened patients, sample size,
sample size lost to follow-up, or duration of follow-up. The proportion
of the total number of events and multicentered trials was similar

between both groups.

3.1 | Spin analysis of commercially sponsored trials
Of the 21 commercially sponsored trials assessed for spin, 15 trials
(71.4%) were identified to have spin present. Spin was identified 30
times in total, with 16 occurrences in the abstract (53.3%) and 14

occurrences in the manuscript (46.7%).

3.2 |
trials

Spin analysis of noncommercially sponsored

Of the 14 noncommercially sponsored trials assessed for spin, 9 trials
(64.3%) were found to have used at least 1 spin strategy. Spin was
identified 17 times in total, with 9 occurrences in the abstract (52.9%)
and 8 in the manuscript (47.1%).

3.3 | Overall spin analysis

Spin was most prevalent in the conclusion section of the abstract and
manuscript. Spin was least likely to be found in the results section of
the abstract and manuscript, with no spin identified in the results of
either group. Strategy 3 was the most used method of spin in both
groups, “emphasizing the beneficial effect of treatment with or
without acknowledging the statistically nonsignificant primary
outcome” (Table 3). Strategy 3 comprised 12 out of 30 (40%) spin
strategies identified in commercially sponsored trials and 9 out of 17

(52.9%) spin strategies identified in noncommercially sponsored trials.
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3.4 | Regression analysis

Commercial sponsorship was not associated with the reporting of
favorable outcomes, the presence of spin, retrospective registration,
or discrepancy between the protocol and reported outcomes (Table 4).
Other independent variables in the regression (composite outcomes,
sample size, loss to follow-up, year of publication, duration of follow-
up, primary agent being LMWH, and ITT) also resulted in P values >
.05. This result suggests no significant association of the aforemen-
tioned independent variables with the reporting of favorable out-
comes, presence of spin, discrepancy between protocol and outcome,

and retrospective registration.

4 | DISCUSSION

VTE prophylaxis outcomes of patients with cancer in commercially

sponsored RCTs were found to not differ significantly from

noncommercially sponsored trials in sample size, trial design, power,
estimated treatment effect size, number of patients screened, and
number of patients lost to follow-up. Commercially sponsored trials
were more likely to employ an ITT analysis. Noncommercially spon-
sored trials were associated with a higher likelihood of reporting
composite primary outcomes and retrospective trial registration.
Regression analysis revealed that favorable outcomes, the presence of
spin, retrospective registration, or discrepancy between the protocol
and reported outcomes were not associated with commercial
sponsorship.

This analysis found that commercially and noncommercially
sponsored papers did not differ significantly in their likelihood of
reporting favorable outcomes. However, the current narrative is that
the clinical merit of commercially sponsored trials warrants skepti-
cism, as these trials have the financial capacity to employ techniques
and methodologies that may help them achieve clinical significance
[4,5,7]. A cross-sectional survey and meta-analysis found that

commercially sponsored trials had higher odds of reporting
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TABLE 2 Summary of the characteristics of trials analyzed.
Trial characteristic

Number of trials, n (%)

Sample size, median (IQR)

Total number of events, median (IQR)

Proportion of multicenter trials, n (%)

Retrospective registration of trial, n (%)

Superiority design, n (%)

Equivalence design, n (%)

Noninferiority design, n (%)

Intention-to-treat analysis, n (%)

Use of composite primary outcome, n (%)

Estimated treatment effect, median (IQR)

Power, median (IQR)

Number of screened patients, median (IQR)

Percentage of screened patients included in sample size, median (IQR)
Sample size lost to follow-up, median (IQR)

Duration of follow-up, median (IQR) (days)

Favorable outcomes

Discrepancy in the primary outcome between the published
manuscript and the registered protocol

Number of trials evaluated for spin

Spin present
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Commercially sponsored Noncommercially sponsored P value
34 (63) 20 (37)

342 (413) 235 (337) 17
20 (34.25) 14 (23) .36
25 (73.5) 12 (60) 21

7 (20.6) 13 (65) .007°
30 (88.2) 18 (90) 79

0(0) 2 (10) 07

4(11.8) 1(5) .38
25 (73.5) 6 (30) .0006°
20 (58.8) 18 (90) .048°

0.34 (0.44) 0.18 (0.425) 72
0.8 (0.08) 0.8 (0.003) 72

372 (523) 301 (334) .20

97.6 (17.1) 93.6 (20.9) 26
6.5 (9) 2.5 (7.5) A1
60 (168) 16 (23) .07

10/32 (31.2%) 7/21 (33%) 87
6/12 (50%) 13/16 (81.2%) .08

22/33 (66.7%) 14/21 (66.7%) 1

15/21 (71.4%) 9/14 (64.3%) .66

Characteristics of commercially and noncommercially sponsored trials were compared using the Mann-Whitney U-test for continuous variables and the
Pearson chi-squared test for categorical variables or the Fisher’s exact test where appropriate.

Significant P < .05.

favorable outcomes (odds ratio = 1.92) than their noncommercial
counterparts (odds ratio = 1.32) [5]. The present study, however,
suggests that commercially sponsored trials impart less bias than
previously thought and demonstrates that commercial sponsorship
in VTE prophylaxis trials is equally well-powered and methodologi-
cally robust as their noncommercial counterparts. Both commercially
and noncommercially sponsored RCTs were found to not differ
significantly in the presence of spin. A potential explanation for this
could be the role of journals in reducing reporting bias by outlining
presubmission standards and requirements [37]. Once submitted,
the journal’s peer review process may also identify spin as reviewers
check for overgeneralizations, inappropriate causal language, and
inconsistency in the reporting of study results across the paper [38].
This points to the importance of mitigating spin and reporting bias
among all publication stakeholders, including authors, peer re-
viewers, and editors [38].

One of the few significant differences found in this paper was the
greater likelihood of composite endpoints in noncommercially spon-
sored studies than in studies.

commercially  sponsored

Noncommercially sponsored trials may be motivated to employ
composite endpoints as they “increase statistical efficiency, decrease
in sample-size requirements, shorter trial duration, and decreased
cost,” which may help the study overcome the inherent financial lim-
itations [39]. Additionally, it is possible that the lower rate of com-
posite endpoints observed in commercially funded trials in this study
could reflect drug licensing requirements, as regulatory agencies such
as the Food and Drug Administration discourage composite endpoint
usage and require each component of a composite score to be indi-
vidually reported [40]. The reporting of composite endpoints, such as
adverse events, has been criticized for skewing in favor of statistically
significant results as they act as a catch-all endpoint, leading to sta-
tistically significant results [41]. This can potentially cause an over-
estimation of treatment effects, particularly with respect to low-
frequency but high-clinical-importance events, such as death [41].
Noninferiority design, though warranted in specific circumstances,
requires less of a treatment effect to claim significance and thus can
convey favorable results even when findings are inconclusive [42].

Literature shows that the coexistence of industry funding with
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TABLE 3 Spin strategy and location.
Commercially sponsored with spin (n = 15)
Abstract Manuscript
Strategy Title Results Conclusion Results Discussion Conclusion Total
Strategy 1
Strategy 2 5 5 10
Strategy 3 1 6 1 4 12
Strategy 4 4 1 3 8
Total 30
Noncommercially sponsored with spin (n = 9)
Abstract Manuscript
Strategy Title Results Conclusion Results Discussion Conclusion
Strategy 1 2 1 3
Strategy 2 2 1 1 4
Strategy 3 5 1 3 9
Strategy 4 1 1
Total 17

Strategy 1: authors pivoted on statistically significant secondary results in the form of focus on within-group comparisons; Strategy 2: authors interpreted
statistically nonsignificant results of the primary outcomes to show treatment equivalence or to rule out an adverse event; Strategy 3: authors
emphasized the beneficial effect of the treatment with or without acknowledging the statistically nonsignificant primary outcome; Strategy 4: other/
undefined/multiple strategies.

TABLE 4 Results of univariate regression analysis.

Independent variable

Commercial sponsorship (SE)

Favorable outcomes

-0.095 (0.60)°

Spin present

0.33 (0.7379)°

Discrepancy between protocol
and reported outcomes

-1.47 (0.86)°

OR (95% Cl)
Composite outcome (SE)
OR (95% Cl)
Sample size (SE)
OR (95% Cl)
LTFU (SE)
OR (95% Cl)
Year of publication (SE)
OR (95% Cl)
Multicenter trial (SE)
OR (95% Cl)
Duration of follow-up (SE)
OR (95% Cl)
Primary LMWH (SE)
OR (95% Cl)
Use of ITT (SE)
OR (95% Cl)

0.91 (0.28, 3.02)
0.49 (0.67)°
2.02 (0.45, 9.12)
0.00062 (0.00060)*
1.00 (1.00, 1.00)
-0.030 (0.040)*
0.97 (0.88, 1.04)
0.078 (0.048)*
1.08 (0.99, 1.20)
-0.98 (0.62)°
0.38 (0.11, 1.16)
0.00016 (0.00044)"
1.00 (1.00, 1.00)
0.37 (1.2)°
1.44 (0.16, 30.81)
-0.33 (0.59)°
0.72 (0.22, 2.32)

1.39 (0.32, 6.00)
0.71 (0.75)°
2.02 (0.45, 9.12)
-0.0018 (0.0013)*
1.00 (1.00, 1.00)
0.085 (0.090)°
1.09 (0.98, 1.41)
-0.050 (0.052)*
0.95 (0.85, 1.05)
-0.81 (0.89)°
0.44 (0.06, 2.27)
-0.00035(0.0019)*
1.00 (1.00, 1.00)
1.15 (1.49)°
3.17 (0.11, 88.86)
1.07 (0.75)*
2.91 (0.67, 13.49)

0.23 (0.04, 1.18)
1.45 (0.92)°
4.27 (0.72, 28.91)
-0.00022 (0.00061)*
1.00 (1.00, 1.00)
-20.93 (15091.4)°
0 (0, )
0.032 (0.082)"
1.03 (0.87, 1.22)
-0.22 (0.96)°
0.80 (0.10, 4.85)
0.0014 (0.0020)*
1.00 (1.00, 1.01)
0.22 (1.31)°
1.25 (0.05, 15.66)
-1.57 (0.93)°
0.21 (0.03, 1.13)

ITT, intention-to-treat; LMWH, low-molecular-weight heparin; LTFU, loss to follow-up; OR, odds ratio.

2Nonsignificant P > .05.

Retrospective registration
-0.49 (1.03)°
0.62 (0.08, 5.63)
1.50 (0.97)*
4.50 (0.73, 37.66)
-0.00045 (0.00074)*
1.00 (1.00, 1.00)
0.0028 (0.035)"
1.00 (0.92, 1.08)
-0.079 (0.099)
0.92 (0.76, 1.12)
-0.69 (0.83)°
0.50 (0.09, 2.61)
0.00065 (0.00068)"
1.00 (1.00, 1.00)
0.24 (1.32)°
1.27 (0.10, 30.47)
0.14 (0.74)°
1.15 (0.27, 5.07)
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noninferiority designs almost always obtains desirable or favorable
outcomes [43]. A study found that 96.5% (55 out of 57) of commer-
cially sponsored trials with a noninferiority design concluded favor-
able results compared to a superiority design, where only half of the
commercially sponsored trials reached significance [43]. Our results
suggest that commercially sponsored trials in VTE prophylaxis are less
likely to employ noninferiority than noncommercially sponsored trials
despite the appeal to reach a beneficial treatment effect. This analysis
shifts the narrative to suggest that commercially sponsored trials are
comparable in clinical merit and trustworthiness to noncommercially
sponsored trials.

To our knowledge, the present study is one of the first in he-
matology to demonstrate a significant association between likeli-
hood of retrospective trial registration and noncommercial
sponsorship. Papers that register trials retrospectively may be at a
greater risk of selective reporting bias as they may fail to report all
outcomes or report only significant outcomes. This present study is
consistent with the literature in finding that noncommercially
sponsored studies were significantly more likely to retrospectively
register protocol than commercially sponsored studies [44,45]. The
present study also found that commercially sponsored trials were
more likely to employ an ITT analysis than noncommercially spon-
sored trials. Inclusion of an ITT analysis is a hallmark of a high-
quality study, as it preserves the balance of prognostic factors
afforded by the original randomization [40]. We can speculate that
commercially sponsored studies may be more inclined to prospec-
tively register their protocols and employ an ITT analysis to
demonstrate integrity in methodology, knowing the scrutiny they are
under for risk of bias.

The primary strengths of the present study include the usage of
validated tools for spin that enable comparisons to prior literature.
Another strength of the study is the large pool of evidence, including
54 articles (encompassing data for over 20,000 patients) from 9886
screened articles. However, we are unable to comment on whether
this review reached statistical power as this was not a meta-analysis.
Our study findings have limitations. First, the assessment of spin is a
process that may be prone to subjectivity as the interpretation of spin
strategies is highly dependent on context and perspective. While
there is no purely objective procedure that exists for the assessment
of spin, our study attempted to reduce interrater variability by limiting
the number of reviewers for data extraction. Additionally, reviewers
were not able to be blinded to the funding source. This may have
introduced bias in data collection. Second, we cannot infer causality
from the associations found in this study, as conclusions that were
influenced by the presence of confounding factors may exist. For
instance, it is possible that funding sources were misclassified, as not-
for-profit sponsors may be supported by private for-profit entities
that indirectly bias study findings [2]. It is also possible that factors
that were not investigated in this study could have influenced our
results, such as researcher ties to industry sponsorship [?]. Third, the
RCTs included in this study may not be fully representative of all trials
in thrombosis research, as studies that do not reach completion or are

terminated early may not be published due to lag bias. Of the
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published RCTs included in this study, several RCTs included in this
study were also at high risk of bias. Fourth, the results of this study
are focused on primary prophylaxis for VTE in patients with cancer
and may not be generalizable to other populations. Lastly, this paper
was not able to collect information on patient ethnicity and race,
though data from various continents were represented in the included

studies.

5 | CONCLUSIONS

Most RCTs investigating VTE prophylaxis in patients with cancer
involve commercial sponsorship. Few significant differences between
commercially and noncommercially sponsored trials were found in the
study characteristics, including sample size, duration of follow-up,
reporting of favorable outcomes, presence of spin, and protocol-
manuscript discrepancy, among others. Our study suggests that
commercially sponsored VTE prophylaxis research in patients with
cancer is unlikely to be subject to bias attributable to commercial

sponsorship.
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