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T HALIDOMIDE* is the generic name for IK-phthalyl-glutamic acid imide, a 
compound which has been employed in Europe for several years as a 

sedative-hypnotic. It is chemically related to glutethimide (Doriden), another 
sedative-hypnotic, and to bemegride (Megimide), a convulsant analeptic. 

Unpublished data supplied by the Scientific Division of The William S. 
Merrell Company indicate that thalidomide is a central nervous system depressant 
in mice, reducing spontaneous motor activity slightly in doses of 30 mg. per 
kilogram and to a considerable degree in dosesof 100mg. perkilogram. Thalidomide 
at doses of 100 mg. per kilogram, orally or intraperitoneally, does not produce 
loss of righting reflexes in mice, rats, cats, dogs, or monkeys. Large quantities of 
drug (up to 4 Gm. per kilogram), by mouth or intraperitoneally, failed to produce 
death in mice over a 72-hour observation period. This lack of toxicity of large 
doses is most likely related to the insolubility of the compound and a consequent 
limitation in absorption. 

Uncontrolled German trials’-” have reported thalidomide to be an effective 
hypnotic drug when administered in doses of 50 to 200 mg. In a controlled English 
trial by Salter, Lodge-Patch, and Hare ,5 50 or 100 mg. of drug has been reported 
to produce sleep as quickly as 200 mg. of secobarbital, and the duration of sleep 
after 100 mg. of the thalidomide was found to be significantly greater than 
that after 200 mg. of secobarbital. The latter drug in turn produced significantly 
longer sleep on the average than did 50 mg. of thalidomide. No placebo treatment 
was included in the English trial. The authors reported that “moderately severe” 
hangover could occur after thalidomide, especially with the lOO-mg. dosage. 

Supported in part by a grant (B 865X4) from the National Institutes of Health and in part by a 
grant from The William 9. Merrell Company. 

*Kevadon is a trademark of The William S. Merrell Company. Cincinnati. Ohio. for its brand of 
thalidomide, supplies of which were generously made available to us by Dr. R. C. Pogge. 
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METHODS 

The present study compares two doses of thalidomide with placebo in a 
group of medical and surgical ward patients at the Johns Hopkins Hospital. 
Medical patients were chosen for study if they were considered by the nursing 
and house staff to present a sleep problem. Surgical patients were studied on their 
first night in the hospital; patients admitted for elective surgery, free of pain, 
and not requiring other medication were used exclusively. 

Patients were interviewed during the day to elicit information about their 
underlying disease, the nature of their sleep problems and past exposure to hypnotic 
drugs, the presence or absence of pain, and their usual subjective state on awaken- 
ing in the morning. (This last bit of data was utilized as a base line against which 
to assess any postdrug complaints by a patient on the morning after the actual 
experiment. Certain patients complain of headache, tiredness, sleepiness, dizziness, 

TABLE I. MEAN SLEEP INDUCTION TIME (MINUTES) 

PATIENT GROUP 

Those whose usual induction 
time was less than 30 minutes 

Those whose usual induction 
time was 30 minutes or more 

All patients 

! THALIDOMIDE 
PLACEBO 
(POOLED) 

100 MC. 200 MG. 
- 

26 (N = 17) 32 (N = 15) 

81 (N = 24) 100 (N = 10) 

58 + 10.3 (N = 41) 59 * 16.8 (N = 2.5 

11 (N = 10) 

30 (N = 15) 

) 23* * 4.9 (N = 25) 

*Significantly diflerent from placebo and 100 mg. of thalidomide at 0.05 level. 

etc., on awakening, whether or not a drug has been given, so that the true in- 
cidence of drug-related hangover may be overestimated if this precaution is not 
taken. The data on side effects to be reported therefore include only complaints 
clearly distinguishable from the normal subjective state without drug.) 

Patients suitable for study were given, at bedtime, in randomized fashion, 
either placebo (single capsule), placebo (two capsules), 100 mg. of thalidomide 
(one capsule), or 200 mg. of thalidomide (two capsules). The next morning, 
patients were interviewed again and asked how long they estimated it had taken 
them to fall asleep, how long they had slept, and how they felt on awakening. Any 
spontaneous reports regarding the occurrence of untoward effects at other times 
were also recorded. If a patient failed to sleep at all or had to be given another 
sleeping medication during the night to induce sleep, the induction time of such 
a patient was arbitrarily called 240 minutes and the duration of sleep zero hours, 
to allow computation of means. The high correlation between “subjective” 
patient reports and “objective” reports by nurses or technicians has been de- 
scribed in previous papers.G-8 
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Abstract
Background Evaluating academics is a challenge, and the use of indicators such as scien-
tific impact (i.e. number of published papers and their citation rate) is complex and poorly 
validated. We propose a new indicator for academic medical research: the “Free lunches” 
index (fl-index), computed from the sum of gifts from the industry. The fl-index provides a 
direct and straightforward measure of industry investment consisting in regaling a clinical 
researcher with rewards like a leisurely meal in a Michelin-starred restaurant or a relaxing 
stay in a high-end resort hotel.
Methods and findings 3,936 French academics were included in this observational and 
satirical retrospective study using the French database registering gifts received by medical 
doctors and Web of Science, over the years 2014–2019. Pearson’s correlation coefficients 
explored the associations between the fl-index and in the h-index (the maximum number 
of published papers h that have each been cited at least h times) increase over the period 
2014–2019. The diagnostic properties and optimal thresholds of the fl-index for detect-
ing high scientific productivity were explored. High scientific productivity was defined as 
ranking in the top 25% scientists in terms of increase in the h-index. To detect possible 
differences according to medical disciplines, subgroup analyses were performed. The cor-
relation coefficient between the fl-index and the increase in the h-index was 0.31 (95% CI 
0.29 to 0.34). The optimal threshold was 7,700 € for the fl-index, giving a sensitivity of 
65% (95% CI 61 to 67%), a specificity of 59% (95% CI 57 to 61%). However, there were 
considerable differences across medical disciplines, with correlations ranging from 0.12 
(Morphology and morphogenesis) to 0.51 (Internal medicine, geriatrics, general surgery 
and general medicine), and the median fl-index ranging from 37 € (Public health, environ-
ment and society) to 30 404 € (Cardiorespiratory and vascular pathologies). Importantly, 
the highest correlations and values for the fl-index were observed for clinical disciplines.
Conclusions Overall, the correlation between the fl-index and an increase in the h-index 
was modest so that the fl-index cannot be used as a surrogate for academic success as 
gauged by productivity-based metrics. However, future residents could use these results to 
complement the usual metrics in order to choose (or avoid) certain specialties, depending 
on whether they are more eager to produce scientific articles or to enjoy an affluent lifestyle 
that they consider well-deserved.
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Discussion

Statement of the main findings

Overall, the correlation between the fl-index and an increase in the h-index was modest. 
The fl-index clearly cannot be used as a surrogate for academic success as gauged by pro-
ductivity-based metrics. After all, medical doctors often receive lunches, not so much to 
encourage them to publish, as to encourage them to prescribe the medications/devices that 
the company is producing (Goupil et al., 2019). We nevertheless evidenced positive cor-
relations across all academic disciplines (except morphology and morphogenesis). Despite 
heterogeneity, the most robust results were observed in the clinical fields. This unexpected 
property of the fl-index is in line with recent findings showing that the industry favors 
spending on KOLs with an impact on patient care (Clinckemaillie et al., 2022). The hetero-
geneity in the fl-index across fields suggest that, with the exception of general practition-
ers, MD academics differ in the sensitivity of their taste buds and related opportunities to 
delight in fine French food for free.

Furthermore, in a dystopic future, the fl-index could even be used to choose between 
two competing academics with similar productivity metrics. Indeed, assessment com-
mittees are interested not only in scientific productivity and impact, but also in scientific 
influence, which the fl-index could measure more efficiently than the h-index by capturing 
particular interactions within networks of researchers with financial conflicts of interest. 
In addition, while h-is built on citations corresponding to somewhat dated publications, 
fl-rather captures contemporary behaviors, which could have better prognostic properties 
for future academic accomplishments. But of course, this intriguing conjecture requires 
future research (e.g. by considering a potential time lag between the two indicators instead 
of using the same period for both type of measures), which we are confident will be highly 
cited, thereby further boosting some h-indexes.

Furthermore, the large variation in the fl-index observed across fields underscores the 
fact that different disciplines do not have the same “value” (or, more accurately, market 
value). Therefore, our findings could provide some guidance for future residents as to what 

Fig. 2  Subgroup analyses per medical discipline: correlations, fl-index distribution (with the identified 
threshold and 95% IC) and h-index distribution
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Abstract
During the COVID-19 pandemic, the rush to 
scientific and political judgements on the merits 
of hydroxychloroquine was fuelled by dubious 
papers which may have been published because the 
authors were not independent from the practices of 
the journals in which they appeared. This example 
leads us to consider a new type of illegitimate 
publishing entity, ‘self- promotion journals’ which 
could be deployed to serve the instrumentalisation 
of productivity- based metrics, with a ripple effect 
on decisions about promotion, tenure and grant 
funding, but also on the quality of manuscripts that 
are disseminated to the medical community and form 
the foundation of evidence- based medicine.

The hydroxychloroquine saga was perhaps the scien-
tific controversy that received the biggest media 
coverage of the first 100 days of the COVID-19 
pandemic. This controversy originated from Didier 
Raoult, a microbiologist and director of the Institut 
Hospitalo- Universitaire Méditerranée Infection 
in France, who, with his team, published a highly 
questionable study in the International Journal 
of Antimicrobial Agents.1 Despite major concerns 
highlighted in 17 Pubpeer comments and later in a 
postpublication review,2 the study and its coverage 
in the media and by politicians3 (1) ignited a wave 
of research wastage with more than 150 clinical 
trials across the world exploring the efficacy of chlo-
roquine and/or hydroxychloroquine,4 (2) fostered 
shoddy science, including the highly mediatised 
withdrawal of the Surgisphere paper by The Lancet5 
and (3) produced science that is highly likely to be 
non- reproducible. One aspect of this germinal paper 
is remarkable. Jean- Marc Rolain, the editor- in- chief 
of the International Journal of Antimicrobial Agents, 
works in Raoult’s institute (and reports to him) and is 
also a signatory of the paper. This may or may not be 
a problem, but without explicit mitigation it certainly 
gives the impression of potential conflicts of interest. 
The peer review of this paper was unusually fast, 
as it was expedited in 1 day. Such speed, even in a 
pandemic, is reminiscent of what one might expect 
from a predatory journal.6 The International Society 
of Antimicrobial Chemotherapy (ISAC), which owns 
the journal, quickly expressed its concern, stating 

that ‘the article (did) not meet the Society’s expected 
standards, especially relating to the lack of better 
explanations of the inclusion criteria and the triage 
of patients to ensure patient safety’.7 However, ISAC 
also stated that the peer- review process did adhere to 
the peer review rules in the field, highlighting that 
full responsibility for the peer review process of the 
manuscript was delegated to an associate editor.8 The 
journal has not implemented an Open Peer Review; 
we asked the authors to share the peer reviews, but 
to no avail. The team published four other papers 
(see online supplemental table 1), which were 
below general research standards (eg, International 
Council for Harmonisation (ICH) guidelines, relevant 
reporting guidelines), in journals where members of 
the team were part of the editorial board or indeed 
editors- in- chief. Among these, a so- called meta- 
analysis on the therapeutic efficacy of hydroxycho-
loroquine9 was published in New Microbes and New 
Infections (NMNI), and was at odds with all best prac-
tices in the field of meta- analyses (eg, it included a 
withdrawn preprint and it pooled different outcomes 
extracted from the same studies). It also received 
seven critical comments on Pubpeer. As the reporting 
did not respect the PRISMA statement, the methods 
and results were not reproducible. NMNI’s editor- in- 
chief also works for Raoult. A further six associate 
editors of the journal also work for Raoult. The scope 
of the journal is to serve the field ‘as a peer- reviewed, 
open access journal for rapid dissemination of the 
latest research, with a particular focus on new 
genomes, new microbes and new technology applied 
to the diagnosis of infectious/tropical diseases’,10 an 
unusual definition for publishing a meta- analysis on 
a therapeutic issue.

A highway to publication
In its 2017 report on Didier Raoult’s unit, the 
French ‘Haut Conseil de l’évaluation de la 
recherche et de l’enseignement supérieur’ (High 
Council for the Evaluation of Research and 
Higher Education), an independent authority that 
inspects French research units, noted that the 
‘creation of this journal, which serves to publish 
papers rejected by other journals, is a somewhat 
desperate initiative’. A careful inspection of the 
NMNI publication output (see online supplemental 
table 2) showed that the journal, created in 2013, 
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had published 728 papers up to 25 June 2020. Of these, 231 (32%) 
were published by at least one author on the current editorial 
board, 226 (31%) by one editor from Marseille, and 235 (32%) by 
Didier Raoult, who is not part of the editorial board.

Computing the proportion of contributions published in a 
journal by any single author can provide a very rough index to 
spot problematic journals. We explored scientific journals special-
ised in infectious diseases selected from the National Library of 
Medicine Catalogue using NMNI MeSH terms (see online supple-
mental methods). Among these 789 journals, 239 published at 
least 50 papers between 2015 and 2019.

Figure 1A shows this indicator for the most prolific author for 
each journal in relation to the volume of the journal’s published 
output. NMNI is a strikingly clear outlier, with both a large proportion 
of published papers by the same author (37%) and a large publication 
volume over the last 5 years (N=598 articles). A sensitivity analysis 
was computed with ‘journal articles’ only (using the NCBI publication 
type) in order to exclude contributions such as editorials, news items 
or comments. The results of this sensitivity analysis were consistent 
with those for all articles. However, the case of Nature Review Micro-
biology raises the risk of misclassification bias as this author only 
contributes to ‘News & Comment’ or ‘In Brief’ section articles and 
should not have been flagged in the sensitivity analyses. We, there-
fore, think that a large proportion of papers published by one author 
could be used as a red flag—to identify journals that are suspected 
of dubious editorial practice—but deserves a subsequent qualitative 
investigation of the journal.

We, therefore, explored the 12 journals with an Index value 
>10.2% corresponding to the 95th percentile threshold. The key 
features of these journals are shown in table 1. Figure 1B shows the 
distribution of the index for each author, among the five journals 
ranking respectively at the minimum, first quartile, median, third 
quartile and maximum, over the 5 years, by year. Details for the 

whole sample of journals are presented in online supplemental figure 
1. NMNI appears consistently as an outlier over the past 5 years.

Self-promotion journals: a new type of illegitimate 
publishing entity?
Of course, to avoid publication bias it is expected that all 
researchers transparently submit all outputs of their research. 
However, publications are presumed successful if the research is 
sound enough and a rigorous, unbiased peer- review actually took 
place. Elsevier’s general policies explicitly state that ‘the editor 
must not be involved in decisions about papers which she/he has 
written him/herself, or which have been written by […] colleagues.’ 
In application of this policy, more than 40% of published papers 
should not have been handled by Michel Drancourt, the editor- in- 
chief. This is a very large proportion for the editor, supposed to 
be responsible for the whole journal content. It is also expected 
that an editor of a journal should publish editorials delineating 
the agenda of the journal. However, a high proportion of this type 
of article raises questions about the plurality of viewpoints and 
the independence of the journal. A similar case was described in 
2008 with Elsevier’s theoretical physics journal Chaos, Solitons 
and Fractals, whose Editor in Chief M.S. El Nashie published 332 
papers in the journal as an author.11

In contrast with the El Nashie case, NMNI appears to priori-
tise the productivity of a larger network of editors/authors. We 
suggest that there is (1) a consistently large proportion of papers 
published by a group of authors, (2) particularly in the presence of 
relationships between the editors and these authors and (3) publi-
cation of low- quality research all key characteristics of a new type 
of illegitimate publishing entity, that is, ‘self- promotion journals’. 
The first two criteria have the advantage of being simple and easy 
to obtain for a given journal, but they are likely to detect only 
the more problematic journals deserving further investigation. 

Figure 1 Description of the contributions of prolific authors across 239 infectious disease journals that published at least 50 papers between 
2015 and 2019. (A) Percentage of contributions of the most prolific authors and numbers of published outputs for all journals (2015–2019). Grey 
lines correspond to the numbers of articles signed by the most prolific authors. The five journals presented in figure 1B are identified by colours. (B) 
Distribution of the contributions of each author, across the five journals ranking, respectively, at the minimum, first quartile, median, third quartile and 
maximum (2015–2019). All queries for PubMed extraction were performed using the easyPubMed library in R. The code to reproduce this analysis is 
available here: https://osf.io/dqvea/.
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Abstract

$8 : 3OHDVHFRQILUPWKDWDOOKHDGLQJOHYHOVDUHUHSUHVHQWHGFRUUHFWO\:Alongside the growing concerns regarding predatory journal growth, other questionable edi-

torial practices have gained visibility recently. Among them, we explored the usefulness of

the Percentage of Papers by the Most Prolific author (PPMP) and the Gini index (level of

inequality in the distribution of authorship among authors) as tools to identify journals that

may show favoritism in accepting articles by specific authors. We examined whether the

PPMP, complemented by the Gini index, could be useful for identifying cases of potential

editorial bias, using all articles in a sample of 5,468 biomedical journals indexed in the

National Library of Medicine. For articles published between 2015 and 2019, the median

PPMP was 2.9%, and 5% of journal exhibited a PPMP of 10.6% or more. Among the jour-

nals with the highest PPMP or Gini index values, where a few authors were responsible for a

disproportionate number of publications, a random sample was manually examined, reveal-

ing that the most prolific author was part of the editorial board in 60 cases (61%). The papers

by the most prolific authors were more likely to be accepted for publication within 3 weeks of

their submission. Results of analysis on a subset of articles, excluding nonresearch articles,

were consistent with those of the principal analysis. In most journals, publications are distrib-

uted across a large number of authors. Our results reveal a subset of journals where a few

authors, often members of the editorial board, were responsible for a disproportionate num-

ber of publications. To enhance trust in their practices, journals need to be transparent

about their editorial and peer review practices.

Introduction

Research integrity matters across the research ecosystem. In this process, scientific journal edi-
tors are key actors that ensure the trustworthiness of the scientific publication process. But,
paraphrasing Dr. Drummond Rennie’s famous quote, who is guarding those guardians? [1]
Some of our team (CL, IC, DM, and FN) had doubts that anyone does such safe guarding in
the case of New Microbes and New Infections (NMNI), an Elsevier journal, whose most
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author(s) or not). For the most prolific authors, publication lag decreased with the number of
articles published as shown in Fig 4, not solely in outlier journals. The results of the sensitivity
analyses based on “research articles” alone were consistent with those for all articles (S6 and
S7 Figs).

Description of outliers and identification of nepotistic journals

Using the 95th percentile value, we identified through the principal analysis 480 outlier jour-
nals: 206 based on the PPMP and the Gini index considered separately, and 68 based on both

Fig 3. Publication lag. Distribution of the publication lag median for the subgroup of 2,725 (49.8%) journals reporting submission and
publication dates. Publication lag median (in days) are presented for articles signed by the most prolific authors compared to the articles
without any of the most prolific authors (with marginal density plot of distributions). The data underlying this figure may be found in
https://osf.io/6e3uf/.

https://doi.org/10.1371/journal.pbio.3001133.g003
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Improving the transparency and reliability of observational studies
through registration
Florian Naudet and colleagues argue that routine registration of observational research is needed
and suggest how current processes can be adapted to facilitate it

Florian Naudet, 1 , 2 Chirag J Patel, 3 Nicholas J DeVito, 4 Gérard Le Goff, 5 Ioana A Cristea, 6 Alain Braillon, 7

Sabine Hoffmann8 , 9

From the use of booster doses against covid-191 to
approval of novel cancer therapies,2 health
authorities andhealth technology assessment bodies
are increasingly relying on non-randomised trials
and observational studies. The methodological
problems of observational studies, such as residual
confounding,3 are difficult to resolve, but concerns
about transparency and reliability can be reduced
through registration.
Registration is an open science practice whereby
research hypotheses, elements of study design, and
planned statistical analyses are prespecified,
preferably in a centralised repository. Registration
hasbecome thenorm for clinical trials (interventional
studies),4 and some have called for it to be adopted
for observational studies.5 6 However, opponents
argue that systematic registration is unrealistic,
unnecessary,7 8 and too complex.9 Some have even
suggested that it may cause more harm than good as
it could force researchers into scientific dishonesty9

and enable stakeholders with vested interests to use
deviations from the initial protocol to discredit
inconvenient findings.10

However, unreliable research findings may be just
as misleading as unjustified criticism of valid
evidence. Indeed, unclear methods and discrediting
of evidence are often two sides of the same coin, as
shown by nutritional research11 or the marketing of
doubt by the tobacco industry.12 Given the stakes, if
observational studies are to be used in regulatory or
public policy decisions, they should be required to
meet the same basic quality standards as
interventional studies, which includes registration.

This already happens for certain studies, such as
non-interventional post-authorisation safety studies
in Europe, but it can be further expanded to other
observational research.

New types of observational studies require
a renewed discussion
Growing use of accelerated approval pathways for
new medicines means that more products are
conditionally approved based on evidence from
non-randomisedand sometimesuncontrolledpivotal
trials. After amedicine’s approval, routinely collected
datasets can be used as primary or complementary
sources of data to examine remaininguncertainties.13
Observational research aiming to emulate clinical
trial design has also increasingly been seen as
complementary, and evenas a substitute, to evidence
from randomised controlled trials.14 Rapid advances
in data science and computational power alongside
the increased availability of datasets (eg, routinely
collecteddata, data sharing)make secondaryanalysis
of data easier, at relatively low cost.
Interventional studies are heavily standardised and
regulated (through international guidelines and
national regulations) within a relatively simple
statistical model that also helps to combat bias from
the financial conflicts of interest inherent in
evaluating pharmaceuticals. Observational studies
offer far greater analytical flexibility (fig 1), yet
journals mandate registration only for primary
analyses of clinical trials, which have the lowest
analytical flexibility.

1the bmj | BMJ 2024;384:e076123 | doi: 10.1136/bmj-2023-076123
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Fig 1 | Idealised version of analytical flexibility across the research landscape. Analytical flexibility is greater for observational research because the research question does
not shape the design of the experiment (methods flexibility). Unlike clinical trials, which require prespecified measures, researchers analysing routinely collected data have
to choose among many imperfectly measured variables that may have to be curated, combined, cleaned, and derived, with each step adding opportunities for analytical
choices (measurement flexibility). Use of existing data also allows the analysis of relations between many variables, making it easy to test multiple hypotheses (flexibility
in research hypotheses). The black line delimits the studies for which the International Committee of Medical Journal Editors requires registration

Registration can help to producemore reliable results
Since the analysis of observational data is highly flexible, there are
often many possible analysis strategies that may produce very
different results.15 16 If researchers are under pressure to publish a
“clear and convincing” story or invested in a given hypothesis, they
may selectively report an analysis strategy, potentially arrived at
post hoc, that yields themost convincing or impressive resultswhile
giving the impression that this analysis strategy was chosen in
advance. This behaviour, also referred to as fishing for significance,
or P hacking, increases the probability of false positive research
findings that would be unlikely to be independently replicated.17

Registration does not eliminate analytical flexibility, but it avoids
result dependent selective reporting or at least increases
transparency by informing readers about the analytical decisions
that were prespecified and those that came later, ideally with
justification.18 The extent of prespecification required can vary
dependingonwhether the researchquestion adopts an exploratory
or a confirmatory approach.18 The ideal would be for peer review
to consider whether flexibility is justified before the data are
analysed—for example, through the “registered reports”publication
format.19 In this format, the decision to publish is taken before the
research is carried out on the basis of the quality of the question
and proposed methods. It is therefore possible to gauge the level
of prespecification and guarantee publication regardless of the
findings.20

Registration would be expected to reduce the likelihood of false
positive results and unreliable research findings, no matter the
direction of results. Registered clinical trials are more likely to have

negative results than those that were unregistered,21 although the
difference varies across surveys.22 23 Likewise, a recent study in
psychology found a far greater percentage of negative results for
registered reports than for studies without registration,24 and
evidence suggests high replication rates associatedwith registration
in social and behavioural sciences.25

In addition, without consistent registration we cannot know how
many analyses remain unpublished.26 For instance, we know that
only 40% of observational studies evaluating an intervention with
safety outcome(s) registered at ClinicalTrials.gov were published
at least 30 months after study completion,27 but the publication rate
for non-registeredobservational studies,which aremorenumerous,
is unknown.
Registrationalso allows for checksof preregisteredoutcomesagainst
those presented in final reports, although ensuring these checks
routinely occur remains a problem. For instance, discrepancies
between registered and published outcomes of clinical trials are
estimated to occur in around 30% of studies.28 This information is
currently lacking for observational studies, and the extent of biases
resulting from selective reporting remains largely unknown and
difficult to appraise. Even if a study is registered, it is usually done
after it has started,withno specification of statistical analysis plans;
around 30% of registrations do not even include a primary
outcome.26 European legislation requires the publication of study
protocols of non-interventional post-authorisation safety studies,29
but statistical analysis plans are rarely registered.
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Introduction
Navigating between contradictory results is not 
rare in the practice of evidence- based medicine. 
Recently, two papers published in the same year 
and in the same journal investigated the same 
research question with the same dataset and 
reached divergent results regarding the benefits 
of retrieval bag use during laparoscopic appen-
dectomy.1 The two studies reached contrasting 
conclusions, one found that these bags actually 
reduce the risk of infection2 while the other study 
found no support for a difference.3 Likewise, a 
multitude of network meta- analyses about the 
treatment of psoriasis reached divergent conclu-
sions on the best drug to use,4 the best drug always 
being the one of the drug manufacturer in case 
of industry- funded meta- analyses. Implementing 
the findings of medical research for decision- 
making in clinical practice is quite challenging 
when scientific results stand on such unstable 
ground. One reason, among others, is analytical 
flexibility that represents the variability in results 
arising from ‘researcher degrees of freedom’ (ie, 
uncertain decisions researchers have to make in 
study design, data collection and data analysis5). 
Analytical flexibility arises, for instance, when 
researchers have to choose among multiple justi-
fiable methods, models or measurements. Given 
this analytical variability and under the pressure 
to publish, researchers may try different anal-
ysis strategies and selectively report the most 
impressive, desirable, publishable result.6 Not 
surprisingly, reported results may be, on average, 
inflated.7

The range of results arising from analytical 
flexibility can be explored using a generalisa-
tion of sensitivity analyses in which all uncer-
tain analytical and methodological choices are 
systematically varied to estimate how much 
different results can be, that is, the vibration of 
effects (VoE). This framework reports the range of 
effect sizes that can be obtained within the same 
study due to the various analytical and meth-
odological choices that can be made,7 providing 
researchers with the possibility to report all 
possible results rather than selectively reporting 
the most impressive, favourable or publishable 
results. In this article, we will illustrate how the 
VoE framework can be used to explore the (in)
stability of results in biomedical research and 
discuss its use in evidence- based medicine by 
evaluating all possible methodological choices 
which come from analytical flexibility.

Assessing and reporting analytical 
variability
A realistic approach to explore analytical vari-
ability may rely on seeing how different inves-
tigators can reasonably approach and vary 
their choices for a given research question and 
dataset. In a ‘Multi- analyst study’8 several inde-
pendent teams analyse the same dataset to assess 
the analytical choices and variability in results.9 
Each team may choose how they best want to 
analyse the data. For instance, 29 research teams 
independently investigated the same dataset to 
examine whether skin tone was associated with 
red cards in soccer. The teams employed a variety 
of statistical models leading to considerable differ-
ences in effect size and statistical significance.9 
This approach is, however, challenging to imple-
ment as it relies on recruiting and managing a 
large network of independent teams which still 
may leave many plausible analytic strategies 
unexplored. Moreover, very often it is difficult to 
justify which specific analytical choices are more 
meaningful than others.

Another less complex approach in term of 
feasibility may help. Accordingly, the VoE is a 
more general framework that can be used for any 
research project to explore analytical variability in 
a more comprehensive way. It involves computing 
the results of a very large number of possible anal-
ysis strategies by varying one or more analytical 
choices in all possible analytical scenarios and 
comparing their impact on the observed results.

Figure  1 illustrates the VoE approach using 
observational data from National Health and Nutri-
tion Examination Survey (NHANES) prescription 
data by fitting 9595 different models (of which 
6242 models converge) exploring the association 
of systolic blood pressure (in mm Hg) and use of 
lisinopril.10 Lisinopril is a drug to treat high blood 
pressure and it is the most commonly prescribed 
drug in the NHANES 2011–2018 prescription data. 
The estimated beta coefficients of interest ranged 
from −0.553 to 0.575, with a median of 0.003 mm 
Hg.

Various indicators have been proposed to 
assess and quantify VoE. Some are focused on p 
values, including the range of p values (RP): the 
difference between the 99th and the 1st percen-
tile of the negative log transformation of the 
p value.11 12 Others are based on effect sizes, 
including, for instance, relative OR and relative 
HR, which are the ratio of the 1st and the 99th 
percentile of the OR and the HR, respectively.11 13 
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A Janus effect, named after the two- faced Greek- Roman god 
Janus, is defined in a VoE study by the presence of opposite 
results (eg, ORs on both sides of the no- effect line) among all 
possible analysis strategies,11 and indicates substantial analyt-
ical variability: for example, a treatment seems to be better 
than control in some analyses while the control is better than 
the treatment in some other analyses of the very same data; 
or a biomarker seems to be a risk factor for a disease in some 
analyses and a protective factor for that disease in some other 
analyses using the same dataset.

Regarding the example presented in figure 1, there was a 
Janus effect with the 1st percentile being negative (−0.247) 
and the 99th percentile being positive (0.126). A total of 1.6% 
(154/9595) of the associations were statistically significant 
at p<0.05 (141 and 13 of which were negative and positive, 
respectively). The p values of the different models ranged from 
0.1510×10–6 to 0.9997 with a median of 0.6908 (figure  1). 
Given this wide variability in results, it would have been easy 
to selectively report a favourable or unfavourable association 
between lisinopril intake and systolic blood pressure based on 
analytical flexibility .

VoE in primary research and evidence syntheses
From data processing choices14 (eg, eligibility criteria, handling 
of outliers,15 dichotomisation of outcome16 and of covariates) 
to model selection, many sources of analytical flexibility exist 
in primary research and can be explored using the VoE frame-
work. There is a continuum between study designs. Randomised 

controlled trials (RCTs) control flexibility through generally more 
stringent design choices than observational studies, for example, 
randomisation limits confounding.17 The presence of analyt-
ical variability also depends on (1) the richness of datasets (eg, 
big, wide, deep data), especially when data are not collected for 
research purpose10 and need to be heavily preprocessed,18 and (2) 
the complexity19 of the models being considered (eg, linear models 
vs more complex ones),20 as there are many more junctures where 
choices can be made with complex models. The VoE framework 
allows for exploring the stability of results within a primary study.

However, the phenomenon of analytical variability is not 
restricted to primary research and is also observed in evidence 
synthesis methods. While meta- analyses are supposed to be 
exhaustive, reproducible quantitative syntheses of the available 
evidence on a given research question, they are also prone to 
analytical flexibility. Differences in inclusion/exclusion criteria 
regarding Population- Intervention- Comparison- Outcomes- Study 
design and other analytical choices can lead to substantial analyt-
ical variability, especially for controversial topics with high clin-
ical and statistical heterogeneity,21 or when the evidence synthesis 
methods are complex and rely on assumptions that are difficult to 
verify (eg, exchangeability in comparative effectiveness research). 
Analytical variability has been observed in head- to- head meta- 
analyses assessing the efficacy of acupuncture for smoking cessa-
tion21 and operative compared with non- operative treatments 
for proximal humerus fractures,12 in an indirect comparison of 
nalmefene to naltrexone22 and in a network meta- analysis of 21 
antidepressants23 with 172/231 (74%) comparisons exhibiting a 

Figure 1 Vibration of effects of beta coefficient in the exploration of the association between lisinopril usage and systolic blood pressure. An estimate 
<0 suggests lower systolic blood pressure with lisinopril. This figure was produced using data from Tierney et al10 by fitting 9595 random select models, 
among all possible models, exploring the association and using 253 covariates, with a maximum number of variables in the model set to 20. Data and 
code to reproduce the figure are available on the Open Science Framework at https://osf.io/xfy75/. (A) Dots represent the 6242 convergent regression 
models among the 9595 randomly selected models. Colours represent densities (red=high, blue=low), with marginal density plot of distributions. (B) 
Point estimates and 95% CIs for all models. Colours represent densities (red=high, blue=low).
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Figure 3: Vibration of effects for treatment response for the comparisons of clomipramine with the 20 remaining antidepressants and placebo (with the number 
of patients included in the most complete network for this comparison). An Odd ratio >1 favors clomipramine. The colors indicate the log densities of network 
meta-analyses (yellow: high, green: moderate, blue: low). Dotted red lines show the 1st and 99th percentiles. 
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Abstract
Objective It is frequent to find overlapping 
network meta- analyses (NMAs) on the same 
topic with differences in terms of both treatments 
included and effect estimates. We aimed to 
evaluate the impact on effect estimates of 
selecting different treatment combinations (ie, 
network geometries) for inclusion in NMAs.
Design Multiverse analysis, covering all possible 
NMAs on different combinations of treatments.
Setting Data from a previously published NMA 
exploring the comparative effectiveness of 22 
treatments (21 antidepressants and a placebo) for 
the treatment of acute major depressive disorder.
Participants Cipriani et al explored a dataset 
of 116 477 patients included in 522 randomised 
controlled trials.
Main outcome measures For each possible 
treatment selection, we performed an NMA to 
estimate comparative effectiveness on treatment 
response and treatment discontinuation for the 
treatments included (231 between- treatment 
comparisons). The distribution of effect estimates 
of between- treatment comparisons across NMAs 
was computed, and the direction, magnitude and 
statistical significance of the 1st and 99th percentiles 
were compared.
Results 4 116 254 different NMAs concerned 
treatment response. Among possible network 
geometries, 172/231 (74%) pairwise comparisons 
exhibited opposite effects between the 1st and 99th 
percentiles, 57/231 (25%) comparisons exhibited 
statistically significant results in opposite directions, 
118 of 231 (51%) comparisons derived results that 
were both significant and non- significant at 5% 
risk and 56/231 (24%) treatment pairs obtained 
consistent results with only significant differences 
(or only non- significant differences) at 5% risk. 
Comparisons based on indirect evidence only were 
associated with greater variability in effect estimates. 
Comparisons with small absolute values observed 
in the complete NMA more frequently obtained 
statistically significant results in opposite directions. 
Similar results were observed for treatment 
discontinuation.
Conclusion In this multiverse analysis, we 
observed that the selection of treatments to be 
included in an NMA could have considerable 
consequences on treatment effect estimations.
Trial registration https://osf.io/mb5dy.

Introduction
Network meta- analyses (NMAs) are influential 
evidence synthesis tools often considered to domi-
nate the hierarchy of evidence supporting clin-
ical decision- making.1 By evaluating connected 
networks of randomised control trials (RCTs), 

WHAT IS ALREADY KNOWN ON THIS 
TOPIC

 ⇒ It is frequent to find contradictory 
network meta- analyses on the same 
topic, although these studies are 
currently considered to possess 
among the best evidential standards.

 ⇒ Analytical and methodological 
flexibility in pairwise meta- analyses, 
pooled analyses and indirect 
comparisons can lead to vibration of 
effects (measuring how far an effect 
estimate can change across multiple 
distinct analyses).

WHAT THIS STUDY ADDS

 ⇒ Our multiverse analysis based on a 
large network meta- analysis exploring 
antidepressant efficacy in major 
depressive disorder suggests that 
network meta- analyses are prone to 
considerable vibration of effects, if 
only via the choice of treatments to 
be included in the network. Whether 
amitriptyline is more effective than 
other drugs—as the conclusion 
of the original meta- analysis—
strongly depends on the drugs and 
comparisons considered.

 ⇒ Vibration of effects can be greater for 
treatment comparisons based solely 
on indirect evidence. Statistically 
significant results pointing in 
opposite directions are more readily 
generated when differences between 
treatments are small.

HOW THIS STUDY MIGHT AFFECT 
RESEARCH, PRACTICE OR POLICY

 ⇒ Results from network meta- analyses 
should be critically appraised.

Protected by copyright, including for uses related to text and data m
ining, A

I training, and sim
ilar technologies. 

. 
by guest
 

on February 5, 2025
 

http://ebm
.bm

j.com
/

D
ow

nloaded from
 

20 M
ay 2024. 

10.1136/bm
jebm

-2024-112848 on 
B

M
J EB

M
: first published as 



Treatments cited as best in the abstract in relation
to the included treatments for each NMA.

Each “X” represents the included treatments,
squares filled in green represent the treatments
cited as best, red squares represent the treatment
of the funding pharmaceutical company
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A comparative randomized clinical
trial evaluating the efficacy and
safety of tacrolimus versus
hydrocortisone as a topical
treatment of atopic dermatitis in
children
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Background: Atopic dermatitis (AD) aetiology is not exactly identified, but it is
characterized by pruritic skin reactions with elevation in the levels of inflammatory
markers. Despite the fact that Corticosteroids are the mainstay therapy in the
management of AD, they have many local and systemic adverse effects.

Objective: The aim of this study is to evaluate the efficacy and safety of topical
tacrolimus ointment in comparison to topical hydrocortisone cream in the
management of the AD of children diagnosed with AD.

Patients and Methods: This study was conducted on 200 children with AD. They
were simply randomized into two groups, the tacrolimus group treatedwith 0.03%
topical tacrolimus ointment and the hydrocortisone group treated with 1%
hydrocortisone cream twice daily during the 3 weeks study period.

Results: At the end of the study, both the tacrolimus and hydrocortisone groups
showed a significant decline in themean serum level of IL-10, IL-17, and IL-23 (p <
0.05) when compared to their baseline levels. However, the tacrolimus group
showed amore significant decrease (p < 0.05) in themean serum level of IL-10, IL-
17, and IL-23 as compared to the hydrocortisone group [Mean differences = 1.600,
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2.7 Ethical consideration

The study was performed analogously to the Good Clinical
Practice guidelines and the ethical principles of the Helsinki
Declaration of 1964. The study protocol was revised and
approved by the institutional review board of the ethics
committee of the Faculty of Pharmacy, Ain Shams University
(ACUC-FP-ASU RHDIRB2020110301 REC #25)
(ClinicalTrials.gov Identifier: NCT05324618). Before
participation in the study, all eligible children’s caregivers
were informed about the study protocol and requested to
sign a written informed consent.

2.8 Statistical analysis

2.8.1 Sample size calculation
The required sample size is calculated as consistent with data

from an earlier study (Breuer et al., 2005) by considering the serum
dermatitis severity scale as a key dependent variable, 0.05 as type I
error, and 90% as the study power. The sample size of 70 patients in
each group is calculated. Taking into account a 30% possible drop-
out rate, 100 patients are enrolled in each group.

SPSS statistical program (v.22; SPSS, Chicago, IL) is applied to
perform the statistical analysis. Quantitative non-parametric data
are expressed as a median and interquartile range, while mean and
standard deviation are used for quantitative parametric data. Both
numbers and percentages are applied as categorized data.
Kolmogorov–Smirnov test is performed to test the normal
distribution of parameters in both groups. The Paired Student’s
t-test, Unpaired Student’s t-test, Mann-Whitney test, Wilcoxon test,
and Chi-square test are performed for data analysis. The probability

of error of 0.05 is considered to be significant, and 0.001 to be highly
significant.

3 Results

The two hundred patients enrolled in the trial continued until
the end of the study. Fortunately, there was no dropout. At baseline,
both groups didn’t show any significant differences (p > 0.05) in
terms of demographic data (age, sex, BMI), clinical characteristics,
and laboratory parameters. (Table 1).

Using the mEASI as a clinical tool to assess the severity of AD,
both groups show no significant difference in their median total score

TABLE 1 Demographics and Clinical characteristics and laboratory parameters for the 2 groups at Baseline.

Baseline evaluation Tacrolimus group (n=100) Hydrocortisone group (n=100) p value

A. Demographic Data

Age (years) mean ± SD 10.2±1.2 11.3±1.9 0.61

Sex; n (%)

Male 39 (39%) 42 (42%) 0.45

Female 61 (61%) 58 (58%)

BMI (kg/m2) mean ± SD 24.2±2.1 23.3±2.4 0.52

B. Clinical Characteristics

Duration of AD (months) mean ± SD 5.3±0.4 4.6±0.53 0.23

Family history; yes n (%) 60 (60%) 65 (65%) 0.09

Severity; n (%)

Mild 10 (10%) 12 (12%) 0.4

Moderate 39 (39%) 42 (42%) 0.71

Severe 51 (51%) 46 (46%) 0.34

mEASI total score (median± IQR) 32±2.7 30±1.9 0.87

C. Laboratory parameters

Serum IL-10 (pg/ml) (mean ± SD) 14.4±2.4 15.1±2.1 0.09

Serum IL-17 (pg/ml) (mean ± SD) 4.2±0.21 4.5±0.53 0.078

Serum IL-23 (pg/ml) (mean ± SD) 32.6±4.5 31.5±3.9 0.089

n, number of patients; SD, standard deviation; BMI, body mass index; IQR, Interquartile range; AD, atopic dermatitis; mEASI score, modified eczema area and severity index; IL-10, Interleukin
10; IL-17, Interleukin 17; IL-23, Interleukin 23; *(p ≤ 0.05) is considered significant, **(p ≤ 0.001) is considered highly significant.

FIGURE 2
Median total score of mEASI in Tacrolimus and Hydrocortisone
group at baseline and at the end of the study.

Frontiers in Pharmacology frontiersin.org05

Mohamed et al. 10.3389/fphar.2023.1202325



A comparative randomized clinical
trial evaluating the efficacy and
safety of tacrolimus versus
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Background: Atopic dermatitis (AD) aetiology is not exactly identified, but it is
characterized by pruritic skin reactions with elevation in the levels of inflammatory
markers. Despite the fact that Corticosteroids are the mainstay therapy in the
management of AD, they have many local and systemic adverse effects.

Objective: The aim of this study is to evaluate the efficacy and safety of topical
tacrolimus ointment in comparison to topical hydrocortisone cream in the
management of the AD of children diagnosed with AD.

Patients and Methods: This study was conducted on 200 children with AD. They
were simply randomized into two groups, the tacrolimus group treatedwith 0.03%
topical tacrolimus ointment and the hydrocortisone group treated with 1%
hydrocortisone cream twice daily during the 3 weeks study period.

Results: At the end of the study, both the tacrolimus and hydrocortisone groups
showed a significant decline in themean serum level of IL-10, IL-17, and IL-23 (p <
0.05) when compared to their baseline levels. However, the tacrolimus group
showed amore significant decrease (p < 0.05) in themean serum level of IL-10, IL-
17, and IL-23 as compared to the hydrocortisone group [Mean differences = 1.600,
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2.7 Ethical consideration

The study was performed analogously to the Good Clinical
Practice guidelines and the ethical principles of the Helsinki
Declaration of 1964. The study protocol was revised and
approved by the institutional review board of the ethics
committee of the Faculty of Pharmacy, Ain Shams University
(ACUC-FP-ASU RHDIRB2020110301 REC #25)
(ClinicalTrials.gov Identifier: NCT05324618). Before
participation in the study, all eligible children’s caregivers
were informed about the study protocol and requested to
sign a written informed consent.

2.8 Statistical analysis

2.8.1 Sample size calculation
The required sample size is calculated as consistent with data

from an earlier study (Breuer et al., 2005) by considering the serum
dermatitis severity scale as a key dependent variable, 0.05 as type I
error, and 90% as the study power. The sample size of 70 patients in
each group is calculated. Taking into account a 30% possible drop-
out rate, 100 patients are enrolled in each group.

SPSS statistical program (v.22; SPSS, Chicago, IL) is applied to
perform the statistical analysis. Quantitative non-parametric data
are expressed as a median and interquartile range, while mean and
standard deviation are used for quantitative parametric data. Both
numbers and percentages are applied as categorized data.
Kolmogorov–Smirnov test is performed to test the normal
distribution of parameters in both groups. The Paired Student’s
t-test, Unpaired Student’s t-test, Mann-Whitney test, Wilcoxon test,
and Chi-square test are performed for data analysis. The probability

of error of 0.05 is considered to be significant, and 0.001 to be highly
significant.

3 Results

The two hundred patients enrolled in the trial continued until
the end of the study. Fortunately, there was no dropout. At baseline,
both groups didn’t show any significant differences (p > 0.05) in
terms of demographic data (age, sex, BMI), clinical characteristics,
and laboratory parameters. (Table 1).

Using the mEASI as a clinical tool to assess the severity of AD,
both groups show no significant difference in their median total score

TABLE 1 Demographics and Clinical characteristics and laboratory parameters for the 2 groups at Baseline.

Baseline evaluation Tacrolimus group (n=100) Hydrocortisone group (n=100) p value

A. Demographic Data

Age (years) mean ± SD 10.2±1.2 11.3±1.9 0.61

Sex; n (%)

Male 39 (39%) 42 (42%) 0.45

Female 61 (61%) 58 (58%)

BMI (kg/m2) mean ± SD 24.2±2.1 23.3±2.4 0.52

B. Clinical Characteristics

Duration of AD (months) mean ± SD 5.3±0.4 4.6±0.53 0.23

Family history; yes n (%) 60 (60%) 65 (65%) 0.09

Severity; n (%)

Mild 10 (10%) 12 (12%) 0.4

Moderate 39 (39%) 42 (42%) 0.71

Severe 51 (51%) 46 (46%) 0.34

mEASI total score (median± IQR) 32±2.7 30±1.9 0.87

C. Laboratory parameters

Serum IL-10 (pg/ml) (mean ± SD) 14.4±2.4 15.1±2.1 0.09

Serum IL-17 (pg/ml) (mean ± SD) 4.2±0.21 4.5±0.53 0.078

Serum IL-23 (pg/ml) (mean ± SD) 32.6±4.5 31.5±3.9 0.089

n, number of patients; SD, standard deviation; BMI, body mass index; IQR, Interquartile range; AD, atopic dermatitis; mEASI score, modified eczema area and severity index; IL-10, Interleukin
10; IL-17, Interleukin 17; IL-23, Interleukin 23; *(p ≤ 0.05) is considered significant, **(p ≤ 0.001) is considered highly significant.

FIGURE 2
Median total score of mEASI in Tacrolimus and Hydrocortisone
group at baseline and at the end of the study.
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The number needed to treat for one person to benefit (NNTB) was 21 [NNTB 9 to1 to
number needed to treat for one person to harm (NNTH) 46] (Table 2) (unadjusted hazard
ratio 0.49 [95% CI, 0.20 to 1.21] P = 0.12; adjusted hazard ratio 0.35 [95% CI, 0.13 to 0.90]
P = 0.003, and NNTB of 17 [NNTB 8 to1 to NNTH 79] in the per-protocol population).

The effect of high-dose vitamin D3 supplementation on 14-day mortality was independent
of baseline 25(OH)D level with a P value of 0.83 for the interaction between the randomization
arm and the subgroup of participants with baseline vitamin D insufficiency (i.e., 25(OH)D
concentration <50 nmoL/L according to the definition of the World Health Organization
[22]) compared to the subgroup with baseline 25(OH)D� 50 nmoL/L. The landmark analysis
on the first time window (i.e., from the first to the fifth day) of the effect of high-dose versus
standard-dose vitamin D3 supplementation found an adjusted hazard ratio of 1.30 [95% CI,
0.31 to 5.35] (P = 0.72) for the mortality between day 0 and day 5 and an adjusted hazard ratio
of 0.11 [95% CI, 0.02 to 0.52] (P = 0.006) for the mortality between day 6 and day 14 (second
time window).

Secondary outcome

By the end of the trial, 40 of 252 participants had died (16%). Death at day 28 occurred in 19
participants in the high-dose vitamin D3 group (15%) and 21 participants (17%) in the stan-
dard-dose vitamin D3 group. The unadjusted hazard ratio in the high-dose vitamin D3 group
was 0.89 [95% CI, 0.48 to 1.65] (P = 0.70), and the adjusted hazard ratio was 0.70 [95% CI, 0.36
to 1.36] (P = 0.29) (Fig C in S1 Supplemental Appendix). The landmark analysis on the second
time window (i.e., from day 6 to day 28) of the effect of high-dose versus standard-dose vita-
min D3 supplementation found an adjusted hazard ratio of 0.54 [95% CI, 0.25 to 1.17]
(P = 0.12) for the mortality between day 6 and day 28.

Table 2. Effect of allocation to high-dose or standard-dose vitamin D3 supplementation on the primary and secondary outcomes, in intention-to-treat and per-pro-
tocol populations.

Outcome High-dose vitamin D3
supplementation

Standard-dose vitamin D3
supplementation

Relative risk
(95% CI) P value

Risk
difference

Unadjusted hazard
ratio (95% CI) P value

Adjusted hazard
ratio (95% CI) P
value

No./total no. (%) (%)

Intent-to-treat population

Primary outcome:
14-day overall
mortality

8/127 (6) 14/127 (11) 0.57 (0.25 to
1.32) 0.19

4.7 0.56 (0.24 to 1.35) 0.20 0.39 (0.16 to 0.99)
0.049

Secondary outcome:
28-day overall
mortality

19/126 (15) 21/126 (17) 0.91 (0.51 to
1.60) 0.73

1.6 0.89 (0.48 to 1.65) 0.70 0.70 (0.36 to 1.36)
0.29

Per-protocol population

Primary outcome:
14-day overall
mortality

7/122 (6) 14/122 (11) 0.50 (0.21 to
1.20) 0.12

5.7 0.49 (0.20 to 1.21) 0.12 0.35 (0.13 to 0.90)
0.03

Secondary outcome:
28-day overall
mortality

17/121 (14) 21/121 (17) 0.81 (0.45 to
1.46) 0.48

3.3 0.78 (0.41 to 1.49) 0.45 0.62 (0.31 to 1.22)
0.17

Intent-to-treat analyses in 127 participants and per-protocol analyses in 122 participants. Data regarding vital status at day 28 were missing for 1 participant in the high-

dose vitamin D3 group and 1 participant in the standard-dose vitamin D3 group. Adjusted analyses were controlled for randomization strata (i.e., age, oxygen

requirement, hospitalization, and use of antibiotics, anti-infective drugs, and/or corticosteroids) and baseline imbalances in important prognostic factors (i.e., sex,

ongoing cancers, profuse diarrhea, and delirium at baseline).

CI, confidence interval.

https://doi.org/10.1371/journal.pmed.1003999.t002
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Abstract

Background

Vitamin D supplementation has been proposed as a treatment for Coronavirus Disease

2019 (COVID-19) based on experimental data and data from small and uncontrolled obser-

vational studies. The COvid19 and VITamin d TRIAL (COVIT-TRIAL) study was conducted

to test whether a single oral high dose of cholecalciferol (vitamin D3) administered within 72

hours after the diagnosis of COVID-19 improves, compared to standard-dose cholecalcif-

erol, the 14-day overall survival among at-risk older adults infected with Severe Acute

Respiratory Syndrome Coronavirus 2 (SARS-CoV-2).

Methods and findings

This multicenter, randomized, controlled, open-label, superiority trial involved collaboration

of 9 medical centers in France. Patients admitted to the hospital units or living in nursing
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,N

a
n
te

s,
F

ra
n
ce

,5
D

e
p
a
rt

m
e
n
to

fP
h
a
rm

a
cy

,A
n
g
e
rs

U
n
iv

e
rs

ity
H

o
sp

ita
l,

A
n
g
e
rs

,F
ra

n
ce

,6
D

iv
is

io
n

o
fG

e
ria

tr
ic

M
e
d
ic

in
e
,T

o
u
rs

U
n
iv

e
rs

ity
H

o
sp

ita
l,

T
o
u
rs

,F
ra

n
ce

;
E

d
u
ca

tio
n
,E

th
ic

s,
H

e
a
lth

(E
A

7
5
0
5
),

T
o
u
rs

U
n
iv

e
rs

ity
,T

o
u
rs

,F
ra

n
ce

,7
U

n
iv

e
rs

ité
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é
d
e
ci

n
e

G
é
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Introduction

Evidence-based medicine is the cornerstone of clinical practice, but it is dependent on the
quality of evidence upon which it is based. Unfortunately, up to half of all randomized con-
trolled trials (RCTs) have never been published, and trials with statistically significant findings
are more likely to be published than those without (Dwan et al., 2013). Importantly, negative
trials face additional hurdles beyond study publication bias that can result in the disappearance
of non-significant results (Boutron et al., 2010; Dwan et al., 2013; Duyx et al., 2017). Here, we
analyze the cumulative impact of biases on apparent efficacy, and discuss possible remedies,
using the evidence base for two effective treatments for depression: antidepressants and
psychotherapy.

Reporting and citation biases

We distinguish among four major biases, although others exist: study publication bias, out-
come reporting bias, spin, and citation bias. While study publication bias involves non-
publication of an entire study, outcome reporting bias refers to non-publication of negative
outcomes within a published article or to switching the status of (non-significant) primary
and (significant) secondary outcomes (Dwan et al., 2013). Both biases pose an important
threat to the validity of meta-analyses (Kicinski, 2014).

Trials that faithfully report non-significant results will yield accurate effect size estimates,
but results interpretation can still be positively biased, which may affect apparent efficacy.
Reporting strategies that could distort the interpretation of results and mislead readers are
defined as spin (Boutron et al., 2010). Spin occurs when authors conclude that the treatment
is effective despite non-significant results on the primary outcome, for instance by focusing on
statistically significant, but secondary, analyses (e.g. instead of concluding that treatment X was
not more effective than placebo, concluding that treatment X was well tolerated and was effect-
ive in patients who had not received prior therapy). If an article has been spun, treatments are
perceived as more beneficial (Boutron et al., 2014). Finally, citation bias is an obstacle to ensur-
ing that negative findings are discoverable. Studies with positive results receive more citations
than negative studies (Duyx et al., 2017), leading to a heightened visibility of positive results.

The evidence base for antidepressants

We assembled a cohort of 105 depression trials, of which 74 were also included in a previous
study on publication bias (Turner et al., 2008); we added 31 trials of novel antidepressants
(approved after 2008) from the Food and Drug Administration (FDA) database (see online
Supplementary materials). Pharmaceutical companies must preregister all trials they intend
to use to obtain FDA approval; hence, trials with non-significant results, even if unpublished,
are still accessible.

Figure 1 demonstrates the cumulative impact of reporting and citation biases. Of 105 anti-
depressant trials, 53 (50%) trials were considered positive by the FDA and 52 (50%) were con-
sidered negative or questionable (Fig. 1a). While all but one of the positive trials (98%) were
published, only 25 (48%) of the negative trials were published. Hence, 77 trials were published,
of which 25 (32%) were negative (Fig. 1b). Ten negative trials, however, became ‘positive’ in the
published literature, by omitting unfavorable outcomes or switching the status of the primary
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and secondary outcomes (Fig. 1c). Without access to the FDA
reviews, it would not have been possible to conclude that these
trials, when analyzed according to protocol, were not positive.
Among the remaining 15 (19%) negative trials, five were pub-
lished with spin in the abstract (i.e. concluding that the treatment
was effective). For instance, one article reported non-significant
results for the primary outcome ( p = 0.10), yet concluded that
the trial ‘demonstrates an antidepressant effect for fluoxetine
that is significantly more marked than the effect produced by pla-
cebo’ (Rickels et al., 1986). Five additional articles contained mild
spin (e.g. suggesting the treatment is at least numerically better
than placebo). One article lacked an abstract, but the discussion
section concluded that there was a ‘trend for efficacy’. Hence,
only four (5%) of 77 published trials unambiguously reported
that the treatment was not more effective than placebo in that par-
ticular trial (Fig. 1d). Compounding the problem, positive trials
were cited three times as frequently as negative trials (92 v. 32
citations in Web of Science, January 2016, p < 0.001, see online
Supplementary material for further details) (Fig. 1e). Among
negative trials, those with (mild) spin in the abstract received an
average of 36 citations, while those with a clearly negative abstract
received 25 citations. While this might suggest a synergistic effect
between spin and citation biases, where negatively presented
negative studies receive especially few citations (de Vries et al.,
2016), this difference was not statistically significant ( p = 0.50),
likely due to the small sample size. Altogether, these results
show that the effects of different biases accumulate to hide non-
significant results from view.

The evidence base for psychotherapy

While the pharmaceutical industry has a financial motive for sup-
pressing unfavorable results, these biases are also present in the
other areas of research, such as psychotherapy. Without a

standardized trial registry, however, they are more difficult to
detect and disentangle. Statistical tests suggest an excess of posi-
tive findings in the psychotherapy literature, due to either study
publication bias or outcome reporting bias (Flint et al., 2015).
Of 55 National Institutes of Health-funded psychotherapy trials,
13 (24%) remained unpublished (Driessen et al., 2015), and
these had a markedly lower effect size than the published trials.

Regarding spin, 49 (35%) of 142 papers were considered nega-
tive in a recent meta-analysis (Flint et al., 2015), but we found that
only 12 (8%) abstracts concluded that psychotherapy was not
more effective than a control condition. The remaining abstracts
were either positive (73%) or mixed (19%) (e.g. concluding that
the treatment was effective for one outcome but not another).
Although we could not establish the pre-specified primary out-
come for these trials, and therefore cannot determine whether a
specific abstract is biased, published psychotherapy trials, as a
whole, clearly provide a more positive impression of the effective-
ness of psychotherapy than is justified by available evidence.
Positive psychotherapy trials were also cited nearly twice as fre-
quently as negative trials (111 citations v. 58, p = 0.003).
Negative trials with a positive or mixed abstract were cited
more often than those with a negative abstract (59 and 87 cita-
tions, respectively v. 26, p = 0.05); however, the small sample
size precludes definitive conclusions on the effects of spin on cit-
ation rates.

Preventing bias

Mandatory prospective registration has long been advocated as a
solution for study publication and outcome reporting bias. The
International Committee of Medical Journal Editors (ICMJE)
began requiring prospective registration of clinical trials as a pre-
condition for publication in 2005, but many journals do not
require registration (Knüppel et al., 2013) and others allow

Fig. 1. The cumulative impact of reporting and cit-
ation biases on the evidence base for antidepres-
sants. (a) displays the initial, complete cohort of
trials, while (b) through (e) show the cumulative
effect of biases. Each circle indicates a trial, while
the color indicates the results or the presence of
spin. Circles connected by a grey line indicate trials
that were published together in a pooled publica-
tion. In (e), the size of the circle indicates the (rela-
tive) number of citations received by that category
of studies.
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ABSTRACT
OBJECTIVES
To reanalyse SmithKline Beecham’s Study 329 
(published by Keller and colleagues in 2001), the 
primary objective of which was to compare the efficacy 
and safety of paroxetine and imipramine with placebo 
in the treatment of adolescents with unipolar major 
depression. The reanalysis under the restoring invisible 
and abandoned trials (RIAT) initiative was done to see 
whether access to and reanalysis of a full dataset from 
a randomised controlled trial would have clinically 
relevant implications for evidence based medicine.
DESIGN
Double blind randomised placebo controlled trial.
SETTING
12 North American academic psychiatry centres, from 
20 April 1994 to 15 February 1998.
PARTICIPANTS
275 adolescents with major depression of at least 
eight weeks in duration. Exclusion criteria included a 
range of comorbid psychiatric and medical disorders 
and suicidality.
INTERVENTIONS
Participants were randomised to eight weeks double 
blind treatment with paroxetine (20-40 mg), 
imipramine (200-300 mg), or placebo.
MAIN OUTCOME MEASURES
The prespecified primary efficacy variables were 
change from baseline to the end of the eight week 
acute treatment phase in total Hamilton depression 
scale (HAM-D) score and the proportion of responders 

(HAM-D score ≤8 or ≥50% reduction in baseline HAM-D) 
at acute endpoint. Prespecified secondary outcomes 
were changes from baseline to endpoint in depression 
items in K-SADS-L, clinical global impression, 
autonomous functioning checklist, self-perception 
profile, and sickness impact scale; predictors of 
response; and number of patients who relapse during 
the maintenance phase. Adverse experiences were to 
be compared primarily by using descriptive statistics. 
No coding dictionary was prespecified.
RESULTS
The efficacy of paroxetine and imipramine was not 
statistically or clinically significantly different from 
placebo for any prespecified primary or secondary 
efficacy outcome. HAM-D scores decreased by 10.7 
(least squares mean) (95% confidence interval 9.1 to 
12.3), 9.0 (7.4 to 10.5), and 9.1 (7.5 to 10.7) points, 
respectively, for the paroxetine, imipramine and 
placebo groups (P=0.20). There were clinically 
significant increases in harms, including suicidal 
ideation and behaviour and other serious adverse 
events in the paroxetine group and cardiovascular 
problems in the imipramine group.
CONCLUSIONS
Neither paroxetine nor high dose imipramine showed 
efficacy for major depression in adolescents, and there 
was an increase in harms with both drugs. Access to 
primary data from trials has important implications for 
both clinical practice and research, including that 
published conclusions about efficacy and safety 
should not be read as authoritative. The reanalysis of 
Study 329 illustrates the necessity of making primary 
trial data and protocols available to increase the rigour 
of the evidence base.

Introduction
In 2013, in the face of the selective reporting of outcomes 
of randomised controlled trials, an international group of 
researchers called on funders and investigators of aban-
doned (unpublished) or misreported trials to publish 
undisclosed outcomes or  correct misleading publica-
tions.1 This initiative was called “restoring invisible and 
abandoned trials” (RIAT). The researchers identified 
many trials requiring restoration and emailed the funders, 
asking them to signal their intention to publish the unpub-
lished trials or publish corrected versions of misreported 
trials. If funders and investigators failed to undertake to 
correct a trial that had been identified as unpublished or 
misreported, independent groups were encouraged to 
publish an accurate  representation of the clinical trial 
based on the relevant regulatory information.

The current article represents a RIAT publication 
of  Study 329. The original study was funded by 

WHAT IS ALREADY KNOWN ON THIS TOPIC
There is a lack of access to data from most clinical randomised controlled trials, 
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Restoring Study 329: efficacy and harms of paroxetine and 
imipramine in treatment of major depression in adolescence
Joanna Le Noury,1 John M Nardo,2 David Healy,1 Jon Jureidini,3 Melissa Raven,3 Catalin Tufanaru,4 
Elia Abi-Jaoude5 

ABSTRACT
OBJECTIVES
To reanalyse SmithKline Beecham’s Study 329 
(published by Keller and colleagues in 2001), the 
primary objective of which was to compare the efficacy 
and safety of paroxetine and imipramine with placebo 
in the treatment of adolescents with unipolar major 
depression. The reanalysis under the restoring invisible 
and abandoned trials (RIAT) initiative was done to see 
whether access to and reanalysis of a full dataset from 
a randomised controlled trial would have clinically 
relevant implications for evidence based medicine.
DESIGN
Double blind randomised placebo controlled trial.
SETTING
12 North American academic psychiatry centres, from 
20 April 1994 to 15 February 1998.
PARTICIPANTS
275 adolescents with major depression of at least 
eight weeks in duration. Exclusion criteria included a 
range of comorbid psychiatric and medical disorders 
and suicidality.
INTERVENTIONS
Participants were randomised to eight weeks double 
blind treatment with paroxetine (20-40 mg), 
imipramine (200-300 mg), or placebo.
MAIN OUTCOME MEASURES
The prespecified primary efficacy variables were 
change from baseline to the end of the eight week 
acute treatment phase in total Hamilton depression 
scale (HAM-D) score and the proportion of responders 

(HAM-D score ≤8 or ≥50% reduction in baseline HAM-D) 
at acute endpoint. Prespecified secondary outcomes 
were changes from baseline to endpoint in depression 
items in K-SADS-L, clinical global impression, 
autonomous functioning checklist, self-perception 
profile, and sickness impact scale; predictors of 
response; and number of patients who relapse during 
the maintenance phase. Adverse experiences were to 
be compared primarily by using descriptive statistics. 
No coding dictionary was prespecified.
RESULTS
The efficacy of paroxetine and imipramine was not 
statistically or clinically significantly different from 
placebo for any prespecified primary or secondary 
efficacy outcome. HAM-D scores decreased by 10.7 
(least squares mean) (95% confidence interval 9.1 to 
12.3), 9.0 (7.4 to 10.5), and 9.1 (7.5 to 10.7) points, 
respectively, for the paroxetine, imipramine and 
placebo groups (P=0.20). There were clinically 
significant increases in harms, including suicidal 
ideation and behaviour and other serious adverse 
events in the paroxetine group and cardiovascular 
problems in the imipramine group.
CONCLUSIONS
Neither paroxetine nor high dose imipramine showed 
efficacy for major depression in adolescents, and there 
was an increase in harms with both drugs. Access to 
primary data from trials has important implications for 
both clinical practice and research, including that 
published conclusions about efficacy and safety 
should not be read as authoritative. The reanalysis of 
Study 329 illustrates the necessity of making primary 
trial data and protocols available to increase the rigour 
of the evidence base.

Introduction
In 2013, in the face of the selective reporting of outcomes 
of randomised controlled trials, an international group of 
researchers called on funders and investigators of aban-
doned (unpublished) or misreported trials to publish 
undisclosed outcomes or  correct misleading publica-
tions.1 This initiative was called “restoring invisible and 
abandoned trials” (RIAT). The researchers identified 
many trials requiring restoration and emailed the funders, 
asking them to signal their intention to publish the unpub-
lished trials or publish corrected versions of misreported 
trials. If funders and investigators failed to undertake to 
correct a trial that had been identified as unpublished or 
misreported, independent groups were encouraged to 
publish an accurate  representation of the clinical trial 
based on the relevant regulatory information.

The current article represents a RIAT publication 
of  Study 329. The original study was funded by 
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On the basis of access to the original data from Study 329, we report a reanalysis 
that concludes that paroxetine was ineffective and unsafe in this study
Access to primary data makes clear the many ways in which data can be analysed 
and represented, showing the importance of access to data and the value of 
reanalysis of trials
There are important implications for clinical practice, research, regulation of trials, 
licensing of drugs, and the sociology and philosophy of science
Our reanalysis required development of methods that could be adapted for future 
reanalyses of randomised controlled trials
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not. SKB do not seem to have done this, leading to 
some differences in numbers.

Figure 4 shows when suicidal and self injurious 
events occurred.

Table 6 shows the numbers of suicidal and self-in-
jurious behaviours that we identified in our RIAT 

analysis and compared with what was reported by 
Keller and colleagues and documented in the CSR 
(table 6).

The full details for patients included in this table can 
be found in appendix 3, along with working notes and 
directions to where in the CSR the key details can be 
found. It is possible to take different approaches to 
moving taper phase events into the continuation phase 
and reviewing the coding for all cases, especially cases 
039, 089, and 106, that were designated suicidal and 
self injurious behaviours in the RIAT recoding. This 
would result in different figures.

There were no noteworthy changes in physiological 
data, which are detailed in appendix F (patient data 
listings of laboratory tests) in the CSR.

Severity ratings
In the CSR, serious adverse events (defined as an event 
that “resulted in hospitalization, was associated with 
suicidal gestures, or was described by the treating phy-
sician as serious”) were reported in 11 patients in the 
paroxetine group, five in the imipramine group, and 
two in the placebo group. Designating an adverse event 
as serious hinged on the judgment of the clinical inves-
tigator. We were therefore unable to make comparable 
judgments of seriousness, but there are two other meth-
ods to approach the issue of severity of adverse events. 
One is to look at those rated as severe rather than mod-
erate or mild at the time of the event (table 7). A high 
number and proportion of severe psychiatric events 
occurred in the paroxetine group. In contrast, few of the 

Table 5 | Adverse events in SKB clinical study report (CSR) (ADECS coded), Keller and colleagues (ADECS coded), and RIAT 
reanalysis (MedDRA coded) in Study 329

Adverse event (system organ class)
Paroxetine (n=93) Imipramine (n=95) Placebo (n=87)
CSR* Keller* RIAT† CSR* Keller* RIAT† CSR* Keller* RIAT†

Cardiovascular 7 5 44 60 42 130 12 6 32
Gastrointestinal/digestive 80 84 112 108 106 147 59 61 79
Psychiatric — — 103 — — 63 — — 24
Respiratory 39 33 42 32 27 22 43 37 39
Neurological/nervous system 106 115 101 117 135 114 42 65 77
Other 121 28 79 51 30 76 30 38 79
Body as whole 106 — — 125 — — 121 — —
Total 338 265 481 493 340 552 277 207 330
*Coded with ADECS (adverse drug events coding system). While in CSR (table 14.2.1—it is not clear whether this includes taper phase), headaches were 
included in “body as whole”; in paper by Keller and colleagues, adverse events “headache” and “dizziness” were grouped with psychiatric adverse 
events under heading “nervous system.” 
†Coded with MedDRA. MedDRA allows dizziness to be coded under “cardiovascular” or “neurological” SOCs and puts headaches under “neurological” 
SOC. See also tables D and E in appendix 2.

Week

RIAT

0 4 8

End of
acute study

12 16 20

Imipramine

Placebo

Paroxetine

SKB

Imipramine

Placebo

Paroxetine

KELLER

Imipramine

Placebo

Paroxetine

On drugs On taper
Definite Possible

Fig 4 | Timing of suicidal and self injurious events in Study 
329, Keller and colleagues, and RIAT analysis

Table 6 | Numbers of patients with suicidal and self injurious behaviours in Study 329 
with different safety methods

Paroxetine (n=93) Imipramine (n=95) Placebo (n=87)
Keller and colleagues* 5 3 1
SKB acute from CSR* 7 3 1
RIAT acute and taper from CSR 11 4 (3 definite, 1 possible) 2 (1 definite, 1 possible)
*Keller and colleagues and CSR mostly reported suicide related events as “emotional lability.”

Table 7 | Adverse events (ADECS coded) deemed serious by 
investigator in Study 329 and reorganised by RIAT analysis 
to MEDRA system organ class (SOC)
Adverse event 
(system organ class)

Paroxetine 
(n=93)

Imipramine 
(n=95)

Placebo 
(n=87)

Cardiovascular 1 3 0
Gastrointestinal 25 20 4
Psychiatric 32 4 6
Respiratory 2 1 4
Neurological 7 14 7
Other 3 8 5
Total 70 50 26
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of trial registries and summary results databases, access to IPD might simply recreate or
amplify existing reporting biases [17]. For example, analysis of trial IPD cannot mitigate biases
that stem from selective release of data from only one trial among a “family” of trials for the
studied population, intervention, and condition (e.g., a likely result of proposals to require the
release of IPD only upon journal publication).

HowWould the Three Key Components of TRSWork Together?
Case Study: Recent Reanalysis of Study 329
Study 329, sponsored by SmithKline Beecham (now GlaxoSmithKline [GSK]), was one of sev-
eral studies conducted to examine the use of Paxil (paroxetine) in children with depression and
the first with results to be published. The original publication of Study 329 in 2001 implied that
the study results showed the safety and efficacy of Paxil in children [18]. In 2004, the New
York State attorney general filed a consumer fraud lawsuit against GSK, alleging that the sup-
pression and misreporting of trial data created the false impression that Paxil was safe and
effective in depressed children [19].

Fig 2. Schematic depicting the functions of the three key components of the TRS.

doi:10.1371/journal.pmed.1001946.g002
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ESSAY

Sharing Individual Participant Data (IPD)
within the Context of the Trial Reporting
System (TRS)
Deborah A. Zarin*, Tony Tse*

National Library of Medicine, National Institutes of Health, Bethesda, Maryland, United States of America

* dzarin@mail.nih.gov (DAZ); atse@mail.nih.gov (TT)

The Institute of Medicine (IOM) [1], journal editors [2,3], and many others [4–6] have called
for more widespread, third-party access to the individual participant data (IPD) and associated
documentation from clinical trials (i.e., “IPD sharing”). Advocates assert that access to trial
IPD will help to address well-established flaws in the current system of communicating trial
results, including nonpublication, selective reporting, and lack of reproducibility [7]. Addi-
tional proposed benefits include the ability to reanalyze study data (e.g., validation and/or cor-
rection of previously published findings [8]) and to combine data from multiple studies (e.g.,
IPD-level meta-analyses [9]). Others note the burdens and costs associated with preparing IPD
and associated documentation for sharing, the need to ensure participant privacy, and the risk
of invalid analyses [10].

We do not attempt to replicate the more comprehensive analysis of IPD sharing that was
conducted by the recent IOM panel [1]. However, we believe that it would be helpful at this
pivotal time to consider the implications of IPD sharing within the context of the “trial report-
ing system” (TRS), which encompasses existing efforts to enhance access to information about
trials and their findings and to improve the transparency of the clinical research enterprise
(CRE) [11]. In this essay, we attempt to add precision to the ongoing discussion by examining
the range of information granularity associated with different types of IPD. We then consider
IPD sharing within a three-level TRS framework and illustrate the roles of these levels with a
case study.

Summary Points

• The role of individual participant data (IPD) sharing can best be understood as part of
an overall three-level trial reporting system (TRS) framework.

• Different “types” of IPD, which reflect varying degrees of information granularity,
have different potential benefits and harms.

• Study 329 of Paxil (paroxetine) in children with depression is used as a case study to
highlight the potential value of different components of the TRS.

PLOSMedicine | DOI:10.1371/journal.pmed.1001946 January 19, 2016 1 / 8
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d
e

R
e
n
n
e
s

1
,C

H
U

R
e
n
n
e
s,

In
se

rm
,C

IC
1
4
1
4

(C
e
n
tr

e
d
’In

ve
st

ig
a
tio

n
C

lin
iq

u
e

d
e

R
e
n
n
e
s)

,
R

e
n
n
e
s,

F
ra

n
ce

,2
U

n
iv

e
rs

ité
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Abstract 
Objective: To explore the impact of the Annals of Internal Medicine (AIM) data-sharing policy for randomized controlled trials 

(RCTs) in terms of output from data-sharing (i.e. publications re-using the data). 
Study design and setting: Retrospective study. RCTs published in the AIM between 2007 and 2017 were retrieved on PubMed. 

Publications where the data had been re-used were identified on Web of Science. Searches were performed by two independent reviewers. 
The primary outcome was any published re-use of the data (re-analysis, secondary analysis, or meta-analysis of individual participant 
data [MIPD]), where the first, last and corresponding authors were not among the authors of the RCT. Analyses used Cox (primary 
analysis) models adjusting for RCTs characteristics (registration: https:// osf.io/ 8pj5e/ ). 

Results: 185 RCTs were identified. 106 (57%) mentioned willingness to share data and 79 (43%) did not. 208 secondary analyses, 
67 MIPD and no re-analyses were identified. No significant association was found between intent to share and re-use where the first, 
last and corresponding authors were not among the authors of the primary RCT (adjusted hazard ratio = 1.04 [0.47-2.30]). 

Conclusion: Over ten years, RCTs published in AIM expressing an intention to share data were not associated with more extensive 
re-use of the data. © 2021 Published by Elsevier Inc. 
Keywords: Data sharing; Open science; Clinical Research; Randomized Controlled Trial; Re-use of data; Meta-research 

1. Introduction 
Data-sharing (i.e. sharing of data, codes, programs and 

material) is the norm in many scientific disciplines, but 
until recently this has not been the case with biomedi- 
cal research [1] . In medicine, randomized controlled trials 
(RCTs) are considered influential and therefore availability 
of their data is expected to be crucial in the evaluation of 
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E-mail address: cld.pellen@gmail.com (C. Pellen). 

health interventions (e.g. for meta-analyses of individual 
participant data, MIPD). In June 2017, the International 
Committee of Medical Journal Editors (ICMJE) required 
a data-sharing plan to be included in each paper (and pre- 
specified in study registration) [2] . As these new require- 
ments for publishing experimental findings come into ef- 
fect, it is necessary to assess whether they have their in- 
tended effects. 

Among the leading general medical journals, the New 
England Journal of Medicine (NEJM), The Lancet, the 
JAMA and JAMA Internal Medicine have had no spe- 
cific policy for sharing data from RCTs until recently. The 
British Medical Journal (BMJ) and the Public Library of 
Science (PLOS) Medicine have already adopted stronger 
policies, reaching beyond the ICMJE policy, which render 
data-sharing mandatory with the publication of RCTs. Nev- 
ertheless, in view of actual data-sharing rates their policy 
seems imperfect [3] . 

https://doi.org/10.1016/j.jclinepi.2021.04.011 
0895-4356/© 2021 Published by Elsevier Inc. 
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Data sharing and reanalysis of randomized controlled trials in 
leading biomedical journals with a full data sharing policy: survey 
of studies published in The BMJ and PLOS Medicine
Florian Naudet,1 Charlotte Sakarovitch,2 Perrine Janiaud,1 Ioana Cristea,1,3 Daniele Fanelli,1,4 
David Moher,1,5 John P A Ioannidis1,6

ABSTRACT
OBJECTIVES
To explore the effectiveness of data sharing by 
randomized controlled trials (RCTs) in journals with 
a full data sharing policy and to describe potential 
difficulties encountered in the process of performing 
reanalyses of the primary outcomes.
DESIGN
Survey of published RCTs.
SETTING
PubMed/Medline.
ELIGIBILITY CRITERIA
RCTs that had been submitted and published by The 
BMJ and PLOS Medicine subsequent to the adoption 
of data sharing policies by these journals.
MAIN OUTCOME MEASURE
The primary outcome was data availability, defined 
as the eventual receipt of complete data with clear 
labelling. Primary outcomes were reanalyzed to assess 
to what extent studies were reproduced. Difficulties 
encountered were described.
RESULTS
37 RCTs (21 from The BMJ and 16 from PLOS Medicine) 
published between 2013 and 2016 met the eligibility 
criteria. 17/37 (46%, 95% confidence interval 30% to 
62%) satisfied the definition of data availability and 
14 of the 17 (82%, 59% to 94%) were fully reproduced 
on all their primary outcomes. Of the remaining RCTs, 
errors were identified in two but reached similar 
conclusions and one paper did not provide enough 
information in the Methods section to reproduce the 
analyses. Difficulties identified included problems 

in contacting corresponding authors and lack of 
resources on their behalf in preparing the datasets. 
In addition, there was a range of different data 
sharing practices across study groups.
CONCLUSIONS
Data availability was not optimal in two journals 
with a strong policy for data sharing. When 
investigators shared data, most reanalyses largely 
reproduced the original results. Data sharing 
practices need to become more widespread and 
streamlined to allow meaningful reanalyses and 
reuse of data.
TRIAL REGISTRATION
Open Science Framework osf.io/c4zke.

Introduction
Patients, medical practitioners, and health policy 
analysts are more confident when the results and 
conclusions of scientific studies can be verified. For 
a long time, however, verifying the results of clinical 
trials was not possible, because of the unavailability 
of the data on which the conclusions were based. 
Data sharing practices are expected to overcome this 
problem and to allow for optimal use of data collected 
in trials: the value of medical research that can inform 
clinical practice increases with greater transparency 
and the opportunity for external researchers to 
reanalyze, synthesize, or build on previous data.

In 2016 the International Committee of Medical 
Journal Editors (ICMJE) published an editorial1 stating 
that “it is an ethical obligation to responsibly share 
data generated by interventional clinical trials because 
participants have put themselves at risk.” The ICMJE 
proposed to require that deidentified individual patient 
data (IPD) are made publicly available no later than 
six months after publication of the trial results. This 
proposal triggered debate.2-7 In June 2017, the ICMJE 
stepped back from its proposal. The new requirements 
do not mandate data sharing but only a data sharing 
plan to be included in each paper (and prespecified in 
study registration).8

Because of this trend toward a new norm where 
data sharing for randomized controlled trials (RCTs) 
becomes a standard, it seems important to assess 
how accessible the data are in journals with existing 
data sharing policies. Two leading general medical 
journals, The BMJ9 10 and PLOS Medicine,11 already 
have a policy expressly requiring data sharing as a 
condition for publication of clinical trials: data sharing 
became a requirement after January 2013 for RCTs on 
drugs and devices9 and July 2015 for all therapeutics10 
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WHAT IS ALREADY KNOWN ON THIS TOPIC
The International Committee of Medical Journal Editors requires that a data 
sharing plan be included in each paper (and prespecified in study registration)
Two leading general medical journals, The BMJ and PLOS Medicine, already have 
a stronger policy, expressly requiring data sharing as a condition for publication 
of randomized controlled trials (RCTs)
Only a small number of reanalyses of RCTs has been published to date; of these, 
a minority was conducted by entirely independent authors

WHAT THIS STUDY ADDS
Data availability was not optimal in two journals with a strong policy for data 
sharing, but the 46% data sharing rate observed was higher than elsewhere in 
the biomedical literature
When reanalyses are possible, these mostly yield similar results to the original 
analysis; however, these reanalyses used data at a mature analytical stage
Problems in contacting corresponding authors, lack of resources in preparing 
the datasets, and important heterogeneity in data sharing practices are barriers 
to overcome

RESEARCH

the bmj | BMJ 2018;360:k400 | doi: 10.1136/bmj.k400 7

of biomedical literature at large, in which data sharing 
is almost non-existent34 (with few exceptions in some 
specific disciplines, such as genetics).35 Moreover, our 
analyses focused on publications that were submitted 
directly after the implementation of new data sharing 

policies, which might be expected to have practical 
and cultural barriers to their full implementation. 
Indeed, our correspondence with the authors helped 
identify several practical difficulties connected to 
data sharing, including difficulties in contacting 
corresponding authors, and lack of time and financial 
resources on their behalf in preparing the datasets for 
us. In addition, we found a wide variety of data sharing 
practices between study groups (ie, regarding the type 
of data that can be shared and the procedures that 
are necessary to follow to get the data). Data sharing 
practices could evolve in the future to deal with these 
barriers to data sharing (table 3).

For all results that we were able to reanalyze, we 
reached similar conclusions (despite occasional slight 
differences in the numerical estimations) to those 
reported in the original publication, and this result that 
at least the available data shared do correspond closely 
to the reported results is reassuring. Of course, there is 
a large amount of diversity on what exactly “raw data” 
mean and they can involve various transformations 
(from the case report forms to coded and analyzable 
data).13 Here, we relied on late stage, coded, and 
cleaned data and therefore the potential for leading 
to a different conclusion was probably small. Data 
processing, coding, cleaning, and recategorization of 
events can have a substantial impact on the results 
in some trials. For example, SmithKline Beecham’s 
Study 329 was a well known study on paroxetine in 
adolescent depression, presenting the drug as safe and 
effective,36 whereas a reanalysis starting from the case 
report forms found a lack of efficacy and some serious 
safety issues.37

Strengths and weaknesses of this study
Some leading general medical journals—New England 
Journal of Medicine, Lancet, JAMA, and JAMA Internal 
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Fig 2 | P values in initial analyses and in reanalyses. Axes are on a log scale. Blue 
indicates identical conclusion between initial analysis and reanalysis. Dots of same 
colors indicate analyses from same study

Table 3 | Some identified challenges (and suggestions) for data sharing and reanalyses
Identified problems Suggested solutions for various stakeholders
Data sharing policies leaves responsibility and burden to 
researchers, to obtain all necessary resources (time, money, 
technical and organizational tools and services, ethical and legal 
compliance, etc)

Patients and clinicians should help to develop awareness of a common ownership of the data, intend-
ed as common responsibility also in providing all necessary resources to make data sharable for effective 
and ethical use 
Researchers should pre-emptively address and seek funding for data sharing 
Funders should allow investigators to use funds towards data sharing 
Academic institutions should reward data sharing activities through promotion and tenure

Getting prepared and preplanning for data sharing is still in 
progress in trials units. There is considerable heterogeneity 
between different procedures to share data and types of data 
that are shared

All stakeholders should adopt some clear and homogeneous rules (eg, guidelines) for best practices in 
data sharing 
Clinical trials groups should develop comprehensive educational outreach about data sharing 
Institutional review boards should systematically address data sharing issues

Data sharing on request leaves researchers exclusive discretion 
on decision about whether to share their own data to other 
research groups, for which objectives, and under which terms 
and conditions

Editors should adopt more binding policies than the current ICJME requirement 
When routine data deposition is not ethically feasible, clinical trials groups should prespecify criteria for 
data sharing by adopting effective and transparent systems to review requests

There could be some difficulties in contacting corresponding 
authors, limiting data sharing on request

Researchersand editors should favor data deposition when it is ethically possible

Some identifying information such as date of birth can be found 
in some databases

Researchers must ensure that databases are deidentified before sharing 
Institutional review board should provide guidance on the requested level of deidentification for each 
individual study. It included seeking consent for sharing IPD from trial participants

Shared databases need to be effectively sharable (eg, complete, 
homogeneous), including meta-data (eg, descriptive labels, 
description of pre-analysis processing tools, methods of analysis)

Clinical trials groups should develop comprehensive educational outreach about data sharing 
Researchers should provide details concerning the detailed labels used in the table and analytical code 
Editors who ask for data and code to be shared should ensure that this material is reviewed

Reproducible research practices are not limited to sharing data, 
materials, and code. Complete reporting of methods and statisti-
cal analyses are also relevant

Clinical trials groups should develop comprehensive educational outreach about data sharing 
Researchers should also share their detailed statistical analysis plan 
Reporting guidelines should emphasize best practices in data sharing about computational reproducibility
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Data Sharing and Reanalyses Among Randomized Clinical Trials Published
in Surgical Journals Before and After Adoption of a Data Availability and
Reproducibility Policy
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Abstract

IMPORTANCE Clinical trial data sharing holds promise for maximizing the value of clinical research.
The International Committee of Medical Journal Editors (ICMJE) adopted a policy promoting data
sharing in July 2018.

OBJECTIVE To evaluate the association of the ICMJE data sharing policy with data availability and
reproducibility of main conclusions among leading surgical journals.

DESIGN, SETTING, AND PARTICIPANTS This cross-sectional study, conducted in October 2021,
examined randomized clinical trials (RCTs) in 10 leading surgical journals before and after the
implementation of the ICMJE data sharing policy in July 2018.

EXPOSURE Implementation of the ICMJE data sharing policy.

MAIN OUTCOMES AND MEASURES To demonstrate a pre-post increase in data availability from
5% to 25% (α = .05; β = 0.1), 65 RCTs published before and 65 RCTs published after the policy was
issued were included, and their data were requested. The primary outcome was data availability (ie,
the receipt of sufficient data to enable reanalysis of the primary outcome). When data sharing was
available, the primary outcomes reported in the journal articles were reanalyzed to explore
reproducibility. The reproducibility features of these studies were detailed.

RESULTS Data were available for 2 of 65 RCTs (3.1%) published before the ICMJE policy and for 2 of
65 RCTs (3.1%) published after the policy was issued (odds ratio, 1.00; 95% CI, 0.07-14.19; P ! .99).
A data sharing statement was observed in 11 of 65 RCTs (16.9%) published after the policy vs none
before the policy. Data obtained for reanalysis (n = 4) were not from RCTs published with a data
sharing statement. Of the 4 RCTs with available data, all of them had primary outcomes that were
fully reproduced. However, discrepancies or inaccuracies that were not associated with study
conclusions were identified in 3 RCTs. These concerned the number of patients included in 1 RCT, the
management of missing values in another RCT, and discrepant timing for the principal outcome
declared in the study registration and reported in the third RCT.

CONCLUSIONS AND RELEVANCE This cross-sectional study suggests that data sharing practices
are rare in surgical journals despite the ICMJE policy and that most RCTs published in these journals
lack transparency. The results of these studies may not be reproducible by external researchers.

JAMA Network Open. 2022;5(6):e2215209. doi:10.1001/jamanetworkopen.2022.15209

Key Points
Question What is the association of the
implementaton of the International
Committee of Medical Journal Editors
(ICMJE) data sharing policy with data
sharing practices and data availability in
the 10 leading surgical journals
publishing randomized clinical trials?

Findings This cross-sectional study of
65 RCTs published before and 65 RCTs
published after the ICMJE data sharing
policy found no association between the
policy and data sharing in the
journals studied.

Meaning This study suggests that most
randomized clinical trials published in
the 10 leading surgical journals lack
transparency and that their results may
not be reproducible by external
researchers.
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ICMJE compliant. In September 2021 (after data collection), 7 journals had a data sharing policy (6
less stringent than the official ICMJE requirement and 1 that was ICMJE compliant). The results are
summarized according to journal in Table 2.

Figure 2. Existence of Data Sharing Statements and Data Sharing Before and After the Implementation of the International Committee of Medical Journal Editors
(ICMJE) Policy

0

70

50

30

10

60

40

20

0

70

50

30

10

60

40

20

RCTs published before July 2018A

RCTs published after July 2018B

No
. o

f R
CT

s
No

. o
f R

CT
s

Journals Data sharing
statement

Data
sharing

Journals Data sharing
statement

Data
sharing

Annals of
Surgery

JAMA
Surgery

Obesity
Surgery

Other

BJS

JACS

Surgery for Obesity
and Related Diseases

Annals of
Surgery

JAMA
Surgery

Obesity
Surgery

Other

BJS

JACS

Surgery for Obesity
and Related Diseases

None (65) No (63)

Intent (5)

None (54)

No intent
(6)

No (63)

Yes (2)

Yes (2)

A, Randomized clinical trials (RCTs) published before the ICMJE data sharing policy. B,
RCTs published after the ICMJE data sharing policy. The green alluvial pattern of lines
indicates data finally shared. In the lower part of each panel, a comparison of the data

sharing statement rate and the actual data sharing rate between the 2 periods is detailed.
BJS indicates British Journal of Surgery; and JACS, Journal of the American College of
Surgeons.
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COMMERCIAL FUNDERS

Forty-one (of 100; 41%) had a data-sharing policy.

Among funders with a data-sharing policy, in a survey of 100 RCTs registered on clinicaltrials.gov: 
. Data-sharing statements were present for eighty-one  (81% [72% - 88%]) registered RCTs. 
. Intention to share data was expressed in 59% [49% – 69%] of registered RCTs.

NON COMMERCIAL FUNDERS

Thirty (of 78; 38%) had a data-sharing policy with eighteen (of 30, 60%) making data-sharing 
mandatory and twelve (40%) encouraging data-sharing.

Among funders with a data-sharing policy, in a survey of 100 RCTs registered on clinicaltrials.gov:
. Data-sharing statements were present for seventy-seven (77%, 95% IC [67%-84%]) registered 
RCTs.
. Intention to share data was expressed in 12% [7%-20%] of registered RCTs.
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Abstract

Background

Funders are key players in supporting randomized controlled trial (RCT) data-sharing. This

research aimed to describe commercial and non-commercial funders’ data-sharing policies

and to assess the compliance of funded RCTs with the existing data-sharing policies.

Methods and findings

Funders of clinical research having funded at least one RCT in the years 2016 to 2018 were

surveyed. All 78 eligible non-commercial funders retrieved from the Sherpa/Juliet Initiative

website and a random sample of 100 commercial funders selected from pharmaceutical

association member lists (LEEM, IFPMA, EFPIA) and the top 100 pharmaceutical compa-

nies in terms of drug sales were included. Thirty (out of 78; 38%) non-commercial funders

had a data-sharing policy with eighteen (out of 30, 60%) making data-sharing mandatory

and twelve (40%) encouraging data-sharing. Forty-one (out of 100; 41%) of commercial

funders had a data-sharing policy. Among funders with a data-sharing policy, a survey of

two random samples of 100 RCTs registered on Clinicaltrial.gov, data-sharing statements

were present for seventy-seven (77%, 95% IC [67%-84%]) and eighty-one (81% [72% -

88%]) of RCTs funded by non-commercial and commercial funders respectively. Intention

to share data was expressed in 12% [7%-20%] and 59% [49%– 69%] of RCTs funded by

non-commercial and commercial funders respectively.

Conclusions

This survey identified suboptimal performances of funders in setting up data-sharing poli-

cies. For those with a data-sharing policy, the implementation of the policy in study registra-

tion was limited for commercial funders and of concern for non-commercial funders. The

limitations of the present study include its cross-sectional nature, since data-sharing policies
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Abstract

Background

Funders are key players in supporting randomized controlled trial (RCT) data-sharing. This

research aimed to describe commercial and non-commercial funders’ data-sharing policies

and to assess the compliance of funded RCTs with the existing data-sharing policies.

Methods and findings

Funders of clinical research having funded at least one RCT in the years 2016 to 2018 were

surveyed. All 78 eligible non-commercial funders retrieved from the Sherpa/Juliet Initiative

website and a random sample of 100 commercial funders selected from pharmaceutical

association member lists (LEEM, IFPMA, EFPIA) and the top 100 pharmaceutical compa-

nies in terms of drug sales were included. Thirty (out of 78; 38%) non-commercial funders

had a data-sharing policy with eighteen (out of 30, 60%) making data-sharing mandatory

and twelve (40%) encouraging data-sharing. Forty-one (out of 100; 41%) of commercial

funders had a data-sharing policy. Among funders with a data-sharing policy, a survey of

two random samples of 100 RCTs registered on Clinicaltrial.gov, data-sharing statements

were present for seventy-seven (77%, 95% IC [67%-84%]) and eighty-one (81% [72% -

88%]) of RCTs funded by non-commercial and commercial funders respectively. Intention

to share data was expressed in 12% [7%-20%] and 59% [49%– 69%] of RCTs funded by

non-commercial and commercial funders respectively.

Conclusions

This survey identified suboptimal performances of funders in setting up data-sharing poli-

cies. For those with a data-sharing policy, the implementation of the policy in study registra-

tion was limited for commercial funders and of concern for non-commercial funders. The

limitations of the present study include its cross-sectional nature, since data-sharing policies
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REGISTERED REPORT

Data-sharing and re-analysis for main 
studies assessed by the European Medicines 
Agency—a cross-sectional study on European 
Public Assessment Reports
Maximilian Siebert1,2, Jeanne Gaba1,2, Alain Renault1,2, Bruno Laviolle1,2, Clara Locher1,2, David Moher3 and 
Florian Naudet1,2,4*   

Abstract 
Background: Transparency and reproducibility are expected to be normative practices in clinical trials used for 
decision-making on marketing authorisations for new medicines. This registered report introduces a cross-sectional 
study aiming to assess inferential reproducibility for main trials assessed by the European Medicines Agency.

Methods: Two researchers independently identified all studies on new medicines, biosimilars and orphan medi-
cines given approval by the European Commission between January 2017 and December 2019, categorised as ‘main 
studies’ in the European Public Assessment Reports (EPARs). Sixty-two of these studies were randomly sampled. One 
researcher retrieved the individual patient data (IPD) for these studies and prepared a dossier for each study, contain-
ing the IPD, the protocol and information on the conduct of the study. A second researcher who had no access to 
study reports used the dossier to run an independent re-analysis of each trial. All results of these re-analyses were 
reported in terms of each study’s conclusions, p-values, effect sizes and changes from the initial protocol. A team of 
two researchers not involved in the re-analysis compared results of the re-analyses with published results of the trial.

Results: Two hundred ninety-two main studies in 173 EPARs were identified. Among the 62 studies randomly 
sampled, we received IPD for 10 trials. The median number of days between data request and data receipt was 253 
[interquartile range 182–469]. For these ten trials, we identified 23 distinct primary outcomes for which the conclu-
sions were reproduced in all re-analyses. Therefore, 10/62 trials (16% [95% confidence interval 8% to 28%]) were repro-
duced, as the 52 studies without available data were considered non-reproducible. There was no change from the 
original study protocol regarding the primary outcome in any of these ten studies. Spin was observed in the report of 
one study.

Conclusions: Despite their results supporting decisions that affect millions of people’s health across the European 
Union, most main studies used in EPARs lack transparency and their results are not reproducible for external research-
ers. Re-analyses of the few trials with available data showed very good inferential reproducibility.

Trial registration: https:// osf. io/ mcw3t/

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visithttp:// creat iveco mmons. org/ licen ses/ by/4. 0/. The Creative Commons Public Domain Dedication waiver (http:// creat iveco 
mmons. org/ publi cdoma in/ zero/1. 0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.
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!e 52 studies without available data were considered 
as not reproducible. !erefore, for our primary outcome, 
the conclusions of 10/62 trials (16% [CI95 8 to 28%]) 
were reproduced (i.e. reproduced (n= 5) or reproduced 
with verification (n= 5)).

We found no selective reporting of the studies’ primary 
outcomes and no change from the original study protocol 
for the primary outcome in any of these ten studies. Spin 
was observed in one study (see Table 2) [43].

For 9/10 studies, the results reported in the EPAR, 
the study report, and the publication were identical 
(Fig.  4). In one study [43], small numerical differences 
were observed, since the statistical approach required by 
the EMA for the EPAR (ANCOVA) was different from 
the approach required by the FDA (mixed model with 
repeated measures) and reported in the study report and 
the paper. In some cases, comparisons were not indicated 
in the paper nor in the study report (as detailed on Fig. 4).

List of challenges
Time required for data retrieval
Requesting and receiving the data was time-consuming. 
Interactions with sponsors were, on some occasions, 
lengthy, especially if several were involved on the same 
data-sharing platform. For example, on Vivli, we sub-
mitted a data request concerning six studies from three 

sponsors. !e sponsors raised various questions. In one 
study (NCT00927498), the ownership of the data created 
confusion. !e trial data was purchased by Pfizer. How-
ever, Vivli informed us that Pfizer was not in possession 
of the data and referred us back to the original Principal 
Investigator of the study who no longer had any rights 
over the data. After clarification via the platform, access 
was denied by Pfizer for reasons of insufficient scientific 
merit of our approach.

As part of the data acquisition process, the legal 
department of our unit had to confirm the data agree-
ment and this step on our side was also lengthy. For two 
datasets, we exceeded our 1-year limit for data retrieval 
by 2 weeks. For three additional studies that were 
requested on YODA, 134 additional days were calcu-
lated. In this case, the data was not available at the time 
of our initial request (18/05/2020) but YODA contacted 
us on (04/03/2021) to indicate that the data was now on 
the platform and could be requested. After a request, we 
received this data on (14/10/2021). !ese studies were 
included in our analysis since these long time-lapses were 
considered as minor deviations from our initial protocol.

Incomplete datasets, metadata and further clari"cations
Data dictionaries were available for 7/10 studies. In 
five studies, we had to contact the sponsor/platform 

Fig. 2 Outcome of data-sharing demands in relation to data-sharing policies
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improve research transparency. Together, such initiatives can be seen as primary steps in
incentivizing data sharing behaviors.

Currently, the ICMJE policy only encourages data sharing but does not guarantee it. A
more binding policy to favor data deposition whenever ethically possible is needed. We believe
that the policy should include adequate incentives for data sharing, as part of hiring, promo-
tion, and tenure of researchers, together with reinforcement measures that journals can adopt
in case of noncompliance with data sharing requirements. Incentives and sanctions should be
implemented and evaluated to see if intentions are achieved. It would be unrealistic to expect
all journals to endorse the same incentives and the same sanctions. Moreover, it should not be
taken for granted that any incentive and any sanction would work. Specific interventions can
be piloted at the level of single journals or groups of journals that feel comfortable with imple-
menting and evaluating these policies. Interventions need to be evidence based. For instance,
it has been suggested that awarding badges for data sharing could be an efficient incentive for
data availability. Still, randomized evidence suggested that these tools may be ineffective in the
area of biomedical science [21]. Even more challenging, the evidence gathered to inform the
policy should not be limited to surrogate indicators such as data availability, but should also
assess whether the data are really used and whether these reuses have an impact in moving
medical research forward faster, by exploring data sharing benefits and its possible limitations,
information that is currently lacking. To this end, tracking reuses and the impact of reuses
could be a good starting point.

This agenda requires changes to the ICMJE policy itself and also coordinated efforts by vari-
ous stakeholders such as researchers, journals, funders, and institutions, as illustrated in
Table 2. It implies joining forces in an observatory of clinical data sharing practices with con-
tinuous monitoring of journal outputs and empirical evaluations to measure the value of the
ICMJE data sharing requirements. Greater consideration and rewarding of best practices in
data sharing can help incentivize data generators, particularly those who work in low-income
countries [18]. At a more global level, it will provide necessary feedback on the ICMJE data
sharing policy and could indicate any action that might be needed to increase the value of clin-
ical trial data sharing. Ultimately, our ethical obligation to clinical trial participants is to opti-
mally use the data gathered to achieve improved clinical outcomes and thereby benefit human
health.

Table 2. Proposed actions for various stakeholders to ensure that the ICMJE policy meets the mark.

Stakeholders Proposed action

ICMJE Should certify compliance, adopt more binding policies, and clarify when clinical trial data
sharing is required and ethically possible.

Journals Should provide oversight with editorial screening (e.g., by a reproducible research editor) and
software screening (e.g., by implementing an IT infrastructure to verify data sharing processes
described in submitted data sharing plans).
Should embargo future publications from authors if they have not shared their data from
previous manuscripts in their journal despite a promise to do so.

Funders/
institutions

Should monitor and reward data sharing.
Should provide technical/regulatory guidance for clinical trial data sharing.
Should implement DUACs.
Should withhold support from investigators not sharing data.
Should support meta-research efforts that evaluate the impact of clinical trial data sharing.

Researchers Should commit to sharing data.
Should engage in evaluating the impact of clinical trial data sharing and provide the necessary
feedback to improve the policy.

DUAC, Data Use and Access Committee; ICMJE, International Committee of Medical Journal Editors.

https://doi.org/10.1371/journal.pmed.1003844.t002
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In some science, technology, engineering, and mathematics (STEM) fields, data sharing is the
norm (e.g., physics or space science). However, this is currently not the case in biomedicine,
except for certain exceptions in areas such as genomics. For therapeutic research, data sharing
is expected to maximize the value of research for clinical practice by means of greater transpar-
ency and opportunities for external researchers to reanalyze, synthesize, replicate, and build
upon previous evidence. Examples include reanalyses, secondary analyses, individual patient
data (IPD) meta-analyses, and methodological evaluations. Maximizing the efficient use of
clinical research data is important in the development of new therapeutic options, including
treatments for the Coronavirus Disease 2019 (COVID-19).

Summary points

• Efficient sharing and reuse of data from clinical trials are critical in advancing medical
knowledge and developing improved treatments.

• We believe that the International Committee of Medical Journal Editors (ICMJE) clin-
ical trial data sharing policy is currently inadequate.

• Although data sharing plans help increase transparency, they do not ensure that data
are shared, and they are often inadequately implemented.

• We believe that the ICMJE should adapt a stronger policy on data sharing that is
enforced rigorously in all ICMJE members and affiliated journals.

• The policy should include a strong evaluation component to ensure that all clinical
trial data are shared, their value maximized, and data producers incentivized.
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Abstract

�� : �������	
���������������
��������������
����	�����:Clinical trial data sharing is seen as an imperative for research integrity and is becoming

increasingly encouraged or even required by funders, journals, and other stakeholders.

However, early experiences with data sharing have been disappointing because they are

not always conducted properly. Health data is indeed sensitive and not always easy to

share in a responsible way. We propose 10 rules for researchers wishing to share their data.

These rules cover the majority of elements to be considered in order to start the com-

mendable process of clinical trial data sharing:

• Rule 1: Abide by local legal and regulatory data protection requirements

• Rule 2: Anticipate the possibility of clinical trial data sharing before obtaining funding

• Rule 3: Declare your intent to share data in the registration step

• Rule 4: Involve research participants

• Rule 5: Determine the method of data access

• Rule 6: Remember there are several other elements to share

• Rule 7: Do not proceed alone

• Rule 8: Deploy optimal data management to ensure that the data shared is useful

• Rule 9: Minimize risks

• Rule 10: Strive for excellence.

AuQ1

PLOS COMPUTATIONAL BIOLOGY

PLOS Computational Biology | https://doi.org/10.1371/journal.pcbi.1010879 March 9, 2023 1 / 11

a1111111111
a1111111111
a1111111111
a1111111111
a1111111111

���� ������

Citation: Pellen C, Le Louarn A, Spurrier-Bernard
G, Decullier E, Chrétien J-M, Rosenthal E, et al.
(2023) Ten (not so) simple rules for clinical trial
data sharing. PLoS Comput Biol 19(3): e1010879.
https://doi.org/10.1371/journal.pcbi.1010879

Editor: Russell Schwartz, Carnegie Mellon
University, UNITED STATES

Published: March 9, 2023

Copyright: � 2023 Pellen et al. This is an open
access article distributed under the terms of the
Creative Commons Attribution License, which
permits unrestricted use, distribution, and
reproduction in any medium, provided the original
author and source are credited.

Funding: The work was funded by the Ministry of
Higher Education, Research and Innovation (CP).
The funder had no role in study design, data
collection and analysis, decision to publish, or
preparation of the manuscript.

Competing interests: The authors have declared
that no competing interests exist.

the trial is being designed and to request funding dedicated to this activity. This seems feasible,
as clinical trial funders are increasingly encouraging researchers to consider how their data
will be shared in the future [8]. For example, the National Institute of Health (NIH) has imple-
mented a new data-sharing policy for the research it funds from January 2023 [9]. In France, 5
research-funding agencies (Ademe, Anses, ANR, ANRS|MIE, INCa) have created a working
network to harmonize policies regarding open science, and in 2022, they introduced a require-
ment for a management plan (DMP) [10] for every project approved for funding [11]. Some
funders even mandate data sharing [12]. For example, in Canada, it is the case for the 3 federal
funders (Tri-Agency) [13]. Data sharing is set to become part of grant assessments. For clinical
trialists and their respective institutions, to remain competitive, it will be important to adhere

Fig 1. When researchers wishing to share data should implement the 10 rules.

https://doi.org/10.1371/journal.pcbi.1010879.g001
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The challenge of accelerated clinical 
developments
In France, decisions for reimbursement taken by 
the Ministry of Health are based on appraisal 
by an independent Health Technology Assess-
ment body (HTAb): the ‘Haute Autorité de santé’ 
(HAS). HAS grades the clinical added value of any 
medicinal product for which a manufacturer seeks 
reimbursement. This appraisal considers different 
types of clinical and patient- centred outcomes, 
including patient- reported ones. Under certain 
conditions, a concomitant economic assessment 
which accounts for patients’ preferences in the 
form of utility values is also performed.

As providing fast access to breakthrough 
therapies is a critical expectation from patients, 
clinicians and health policy makers, the Euro-
pean Medicines Agency and the Food and Drug 
Administration have established various acceler-
ated approval pathways. These procedures lead to 
conditional approvals frequently based on uncon-
trolled (ie, single arm) pivotal trials.1–4 Approvals 
based on uncontrolled trials are also motivated by 
randomisation sometimes being considered unfea-
sible or unethical, or because the pathophysiolog-
ical rationale is assumed to be important when 
proving effectiveness (eg, a treatment with molec-
ular target in oncology).5 6

However, expected benefits based on uncon-
trolled trials as evidence are frequently not 
confirmed. The results of meta- epidemiological 
studies illustrate that appraisals based on such 
evidence entail a high level of uncertainty leading 
to ethical concerns.7 8 For patients, this may have 
deleterious consequences such as the use of prod-
ucts for which the benefits remain unknown,9 10 the 
overestimation of benefits with no further confir-
mation11 12 or the increased risks of adverse 
events.12 13 This high level of uncertainty may also 
impact health system sustainability.

While ensuring rapid access to valuable treat-
ments is of utmost importance to patients, main-
taining an adequate balance with the performance 

of relevant HTA in this context is highly chal-
lenging. Thus, the French Minister of Health 
requested HAS to provide recommendations. A 
consultation of patient associations, academics, 
manufacturers and various institutions was 
conducted from October 2021 to January 2022. 
With the support of an expert committee, a qual-
itative summary of the consultation has led to 
the prioritisation of recommendations, which 
are developed below (details on the consultation 
process are available in an online supplemental 
appendix 1).

Need for evidence from comparative 
designs allowing causal interpretation of 
treatment effect estimation
Performing relevant HTA requires that an unbiased 
estimate of the treatment effect is available. Thus, 
the additional effect must be disentangled beyond 
effects due to the natural course of the medical 
condition, the placebo effect, various sources of 
bias and the effect of alternative(s). To produce 
such an estimate, the simplest and most consen-
sual methodological choice is a comparison of the 
treatment of interest to a control by conducting 
a randomised controlled trial (RCT). Randomising 
treatment allocation balances both known and 
unknown confounders between groups, which 
enables the causal attribution of an observed 
effect to the investigated treatment. Other char-
acteristics such as blinding and intention to treat 
analysis principles reduce the risk of bias and 
thereby lead to an estimation of treatment effect 
with the highest certainty of results.

Therefore, RCTs should still be systematically 
considered by manufacturers during clinical 
development.

Accelerating rapid access to innovative 
treatments by adapting the traditional 
RCT design
While RCTs are the gold standard for producing 
clinical evidence, HAS acknowledges that the strict 
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value and what is considered an ‘innovative’ treatment should 
be based on clinical evidence. Therefore, HAS cannot propose 
a definitive list of conditions where absence of randomisation 
would be de facto acceptable.

To some extent, HAS acknowledges that exceptional condi-
tions may exist that make it unreasonable to conduct an RCT. 
From the HAS perspective, evidence must, however, still comply 
to a hypothetico- deductive approach allowing causal reasoning. 
Should an uncontrolled trial with a comparison vs an external 
control be provided, the methodological points of attention HAS 
should consider are described in box 1 to reduce uncertainty. Most 
of these points of attention (sections 2–5 of box 1) allow assessing 
factual elements according to good clinical and statistical prin-
ciples. As such, they could be proposed as consistent points of 
attention applicable by different HTAbs when assessing external 
comparisons. However, the acceptance of the rationale justifying 
the lack of randomisation, as well as some elements leading to the 
appraisal of clinical added value (eg, relevance and magnitude 
of treatment effect, impact on public health), are relative to the 
organisation of health systems and must be assessed considering 
the national context.

A consequence of relying increasingly on uncontrolled trials 
as pivotal evidence would be a shift in demonstrating the effec-
tiveness of medicinal products during clinical development 
towards post- approval. In this context, the use of real- world data, 
as primary or complementary source of data, is a possible way to 
address remaining uncertainties. Regardless of the source of data, 
quality of study design is a cornerstone for certainty of results. 
To close evidence gap quickly, appropriate studies must thus be 
anticipated and not limited to uncontrolled designs.19 Usage of 
real- world data and compliance to RCT design should not be 
seen as antinomic. When appropriate, the conduct of RCTs can 
be facilitated by collecting some of the necessary data from pre- 
existing databases (see table 1). In addition, HAS calls for greater 
transparency in the whole process of generating evidence through 
initiatives such as registered report publications, data and clinical 
study reports sharing.20

Finally, HAS will remain attentive to emerging methods to 
reduce evidence gaps and accelerate clinical developments. In 
particular, the increasing use of artificial intelligence, in silico 
trials and disease modelling, might become a complementary path 
to optimising clinical development, as illustrated by CRESIM in 
helping to choose the best design in rare diseases.21 22

Conclusion
Decisions for reimbursement in France are based on an assess-
ment and appraisal process performed by an independent HAS 
committee which includes healthcare providers, methodologists 
and patients’ representatives. Members of HAS and especially this 
committee are eager to secure rapid patient access to valuable 
medicinal products and that must be weighed against the duty 
to propose treatment with a clear demonstration of their clinical 
added value. As evidence- based medicine is an impartial deci-
sion model for coverage authorisations and as causal reasoning 
is essential for continuous improvement of care, HAS reaffirms 
the importance of RCTs to establish the value of new treatments. 
However, to balance rapid access for patients with evidential 
uncertainties, the traditional fixed- sample RCT design can be 
adapted. Moreover, properly conducted external comparisons as 
detailed in this paper may represent reasonable alternatives under 
exceptional conditions.
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Before drug approval, health authorities like the European Medicines Agency (EMA) and the
United States Food and Drug Administration (FDA) evaluate findings from the relevant clini-
cal trials to assess the balance between clinical benefit and safety. When requesting marketing
authorization for their drug products, pharmaceutical companies are allowed to choose the
indication, design the trials, and choose assessments. In the US, pharmaceutical companies
and drug manufacturers must submit full trial protocols to the FDA before those trials can
begin. In Europe, companies can, at their discretion, obtain prior scientific advice from the
EMA. This consultative process between sponsor and regulator is not fit for purpose, as there
is, in practice, no clear a priori consensus on the exact criteria that will be applied to adjudicate
success.

Although the FDA lays out a set of a priori rules, all too often, it later bends those rules post
hoc. For instance, for esketamine, for treatment of resistant depression, the FDA decided post
hoc that a maintenance trial could substitute for a second positive short-term trial [1]. OAU : PleasecheckwhethertheeditstothesentenceOtherexamplesincludenalmefenefor:::arecorrect; andprovidecorrectwordingifnecessary:ther
examples include nalmefene for alcohol use disorder (approved by the EMA), which was based
on a post hoc subgroup analysis of the pivotal trials [2], or eteplirsen for muscular dystrophy
(approved by the FDA) despite a lack of clinical evidence [3].

Even the initial standards agreed upon between the sponsor and regulator can be too lax.
Too often, trials ask the wrong question: Trials may explore superiority over an inappropri-
ately weak comparator such as placebo when superiority versus an already approved active
comparator would be more clinically relevant [4]. Trials can also be underpowered [4], focus
on surrogate markers, or omit clinically relevant outcomes [5]. Moreover, the regulator is lais-
sez-faire with respect to trial publication in journal articles, allowing the sponsor to freely
choose which findings to include and how to frame them, often diverging starkly from the
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Stimulated by Muir Gray and others, critical appraisal 
of the scientifi c literature excited widespread interest 
in the 1990s. A natural extension of the critical 
examination of research papers was to question the 
quality of research protocols. In response to questions 
about the peer-review process for research grants, 
and concern about whether the process discouraged 
innovation,1 The Lancet was asked to consider 
publishing protocols. We did this, in an abridged form, 
from January, 1997.2 Our decision was based on a desire 
to get closer to authors, accelerate time to publication, 
and to reduce bias against well-designed and 
adequately powered randomised controlled trials 
of important questions that showed no diff erence 
in outcomes.

Since that time, The Lancet has accepted 148 protocol 
summaries,3 and published several of the primary 
manuscripts from those studies that are completed. 
The process has been valuable in enabling editors to 
work more closely with researchers and to gain greater 
appreciation of the research process; while at the same 

time helping researchers avoid common pitfalls that 
might compromise a manuscript’s ease of publication. 

Protocol review was only one of many responses 
championed by funders, investigators, regulators, 
and editors during the past two decades that showed 
the desire for greater rigour and transparency in 
research. Others include trial registration, publication 
of protocols, reporting guidelines, and clearer standards 
for protocol design.

Our original goals for protocol review of under-
standing the needs of researchers better, innovating 
faster ways to publish, and being sensitive to potential 
bias in decision making, remain important and continue 
to guide our evolution across The Lancet family of 
journals. These goals rightly fi nd expression in new 
developments, such as 10+10 for rapid publication of 
trials4 and the REWARD campaign (REduce research 
WAste and Reward Diligence).5 As they do, it is important 
to re-evaluate existing projects, such as protocol review. 
Having done so, and noted greater appreciation for 
the importance of protocols, study registration, and 

Protocol review at The Lancet: 1997–2015

with dihydroartemisinin–piperaquine in a setting with 
high sulfadoxine–pyrimethamine resistance, including 
the A581G mutation, and lay a foundation to translate 
research into policy for the prevention of malaria in 
pregnancy. The road ahead is clear. 

*R Matthew Chico, William J Moss
London School of Hygiene & Tropical Medicine, London 
WC1E 7HT, UK (RMC); and Johns Hopkins Bloomberg School of 
Public Health, Baltimore, MD, USA (WJM)
matthew.chico@lshtm.ac.uk 
We declare no competing interests.
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In July we invited readers to enter the 2015 Wakley 
Prize. It was a pleasure to read the varied selection of 
submissions, which included essays about challenging 
encounters with patients, struggles in clinical practice, 
the social and political context of health, and individual 
experiences of illness. The editorial team selected 
“Lifelines” by Claude Matuchansky1 as the winning essay.  

Matuchansky is Professor Emeritus of Medicine from 
the Lariboisière-St Louis Faculty of Medicine at Paris 
Diderot University in France. In the course of his long 
career, he has focused on clinical gastroenterology and 
nutritional support, particularly on extended parenteral 
nutrition and intestinal transplantation in patients with 
absent or very short bowel. In his poignant essay, he 
writes about one such patient, Martin, “the patient who 
marked me most profoundly”. 

When asked about the motivation for writing this 
essay Matuchansky told The Lancet: “The inspiration 
for my essay comes from my prolonged and daily 

clinical experience at the bedside and (which could 
seem curious) a growing modesty that has accumulated 
over the years. From the height of our caregiver status 
clinicians often feel that, through compassion and 
empathy, we know all that we need to know about the 
patients. However, can we be sure to provide complete, 
holistic care whilst still being empathic, compassionate, 
and respecting the privacy that the patients wish to 
retain? We never know all matter of things. That’s why 
we progress.”

It was not through the clinical care he provided but 
rather by fi nding out what mattered most to Martin that 
Matuchansky learned a “lesson in medical humanism”. 
We hope you enjoy reading this beautiful essay to fi nd 
out what that was.

Joanna Palmer, Philippa Berman, Priya Venkatesan
The Lancet, London EC2Y 5AS, UK

1 Matuchansky C. Lifelines. Lancet 2015; 386: 2539–40.

Wakley Prize 2015: a lesson in medical humanism

the widespread availability of publication for protocols, 
our conclusion is that The Lancet’s protocol review 
service has served its purpose. Therefore, we will 
cease to accept submissions for protocol review after 
Dec 31, 2015. All protocols received on or before that 
date will be considered and our commitments to the 
authors of protocols that we accept will be honoured. 
The editors continue to welcome the inclusion of a 
protocol for all research submissions and to require 
them for randomised trials. Furthermore, we encourage 
authors of accepted research papers of any design to 
post a copy of the full protocol on their institutional 
website so that The Lancet can publish a link to it.6 In this 
way, protocol review can be open to all readers.

Claude Matuchansky

The Editors of The Lancet
The Lancet, London EC2Y 5AS, UK
1 Horton R. Luck, lotteries, and loopholes of grant review. Lancet 1996, 

348: 1255–56.
2 Horton R. Pardonable revisions and protocol reviews. Lancet 1997, 349: 6.
3 The Lancet. Accepted protocol summaries. http://www.thelancet.com/

protocol-reviews-list (accessed Nov 21, 2015).
4 The Lancet. 10+10: Rapid decisions and fast track publication for RCTs. 

Lancet 2015; 385: 578.
5 The Lancet. Rewarding true inquiry and diligence in research. Lancet 2015; 

385: 2121.
6 Summerskill W, Collingridge D, Frankish H. Protocols, probity, and 

publication. Lancet  2009; 373: 992.
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Fig. 3. Chart representing clinical randomized controlled trial registration (orange), submission of the protocol (red), acceptance of the protocol
( green), and protocol publication (blue) in relation to the date of inclusion of the first patient (black). (For interpretation of the references to color
in this figure legend, the reader is referred to the Web version of this article.)
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Abstract

Objective: Registered reports (RR) are a publication format implying a peer-review of the protocol before the start of the study, fol-
lowed by an in-principle acceptance (IPA) by the journal before the study starts. We aimed to describe randomized controlled trials (RCTs)
in the clinical field published as RR.

Study Design and Setting: This cross-sectional study included RR results for RCTs, identified on PubMed/Medline and on a list
compiled by the Center for Open Science. It explored the proportion of reports that received IPA (and/or published a protocol before in-
clusion of the first patient) and changes in the primary outcome.

Results: A total of 93 RCTs publications identified as RR were included. All but one were published in the same journal group. The
date of the IPAwas never documented. For most of these reports (79/93, 84.9%), a protocol was published after the date of inclusion of the
first patient. A change in the primary outcome was noted in 40/93 (44%) of them. Thirteen of the 40 (33%) mentioned this change.

Conclusions: RCTs in the clinical field identified as RR were rare, originated from a single journal group, and did not comply with the
basic features of this format. ! 2023 Published by Elsevier Inc.

Keywords: Randomized controlled trials; Registered report; Reproducibility; Outcomes switching; Transparency; Protocol

1. Introduction

Clinical trial results shape clinical practice guidelines
and support decisions that affect the health of millions of
people. According to clinicaltrials.gov, ‘‘in a clinical trial,
participants receive specific interventions according to the
research plan or protocol created by the investigators.
These interventions may be medical products, such as drugs
or devices, procedures, or changes to participants’ behavior,
such as diet.’’ Randomization is a method used to randomly
assign participants to the arms of a clinical study and is a
key to ensuring the initial comparability of the groups.

Following the Thalidomide crisis in 1962 [1], randomiza-
tion became a gold standard for clinical trials, to maximize
their internal validity. Because their results must be trust-
worthy and resist the considerable financial and ideological
conflicts of interest inherent in the evaluation of therapeu-
tics, clinical randomized controlled trials (RCTs) have long
been at the forefront of efforts to ensure transparency and
reproducibility. In 2005, to enhance transparency, the Inter-
national Committee of Medical Journal Editors made the
registration of clinical RCTs compulsory before inclusion
of the first patient [2]. However, and despite these efforts,
many issues remain. Many clinical RCT results remain un-
published, especially when conclusions are ‘‘negative’’ [3].
When published, clinical RCT results are frequently re-
ported with a certain degree of selective reporting and spin
[4]. Initiatives promoting clinical RCT data sharing are too
few [5]. In addition, clinical RCTs all too often ask the
wrong question, for example, by relying on the wrong
comparator, and/or they implement inadequate methods,
for example, the use of noninformative surrogate outcomes,
or they lack adequate power [6]. All these problems hamper

Protocol registration: https://osf.io/zf53p/.
Author Contributions: F.N. conceptualized the study. N.A. and A.T.
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manuscript.
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