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Missing clinical trial data: the evidence gap ®
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Abstract

Background: Several drugs are being repurposed for the treatment of the coronavirus disease 2019 (COVI[
pandemic based on in vitro or early clinical findings. As these drugs are being used in varied regimens and

dosages, it is important to enable synthesis of existing safety data from clinical trials. However, availability

information is limited by a lack of timely reporting of overall clinical trial results on public registries or throug

academic publication. We aimed to analyse the evidence gap in this data by conducting a rapid review of r
posting onClinicalTrials.gand in academic publications to quantify the number of trials missing results for d
potentially being repurposed for COVID-19.

Methods: ClinicalTrials.gavas searched for 19 drugs that have been identified as potential treatments for C
19. Relevant clinical trials for any prior indication were listed by identifier (NCT number) and checked for re
for timely result reporting (within 395 days of the primary completion date). Additionally, PubMed and Goog
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Scholar were searched to identify publications of results not listed on the registry. A second, blinded search of 10%

of trials was conducted to assess reviewer concordance.

Results:Of 3754 completed trials, 1516 (40.4%) did not post resutiracalTrials.gar in the academic literature.
Tabular results were available@micalTrials.gdor 1172 (31.2%) completed trials. A further 1066 (28.4%) had

published results in the academic literature, but did not report resul®ioical Trials.gokey drugs missing clinical
trial results include hydroxychloroquine (37.0% completed trials unreported), favipiravir (77.8%) and lopinavir

Conclusions:There is an important evidence gap for the safety of drugs being repurposed for COVID-19. This
uncertainty could cause unnecessary additional morbidity and mortality during the pandemic. We recommend
in experimental drug use for non-severe disease and urge clinical trial sponsors to report missing results retro
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Background
Coronavirus disease 2019 (COVID-19) is a pandemic in-deaths across 191 countried][ Currently, treatment op

confirmed cases have been reported with 1.3 million

fection caused by severe acute respiratory syndrome cortions for COVID-19 are limited. However, several drugs

onavirus 2 (SARS-CoV-2). Its global spread has been rapideveloped for other indications have shown promising

re-

and unprecedented, at the time of writing 54.1 million sults against SARS-CoV-2 in vitro, in animal models, or in
compassionate use trial2[ 3]. Many of these drugs are
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candidates include nitazoxanide, remdesivir, favipiravir,a novel vaccine (Pandemrix) was rapidly rolled out, but
lopinavir, darunavir, hydroxychloroquine, chloroquine and 7 years later, it emerged that the manufacturer had failed
ivermectin amongst othersH]. to disclose important internal pharmacovigilance data
Investigations into the efficacy of these experimentalshowing narcolepsy to be a rare side-effe@S]. Clinical
treatments for COVID-19 are ongoing. Meanwhile, in re- trial transparency is therefore vital for maximising and
sponse to positive media coverage, some speculative rathemifying the sharing of data on efficacy as well as safety
than evidence-based, governments are stockpiling vasn one registry entry and is therefore vital for evidence-
supplies of these treatments in anticipation of their licenc- based medicine during this pandemic and beyond.
ing for COVID-19. Furthermore, national regulatory insti- ~ Public clinical trial registries are an important tool for
tutions, meant to safeguard against the unsafe use ofransparent collaborative research. On these registries,
drugs, are under increasing pressure to relax approvabsafety and efficacy data can be uploaded freely, shortly
standards to accelerate market-entry for COVID-19 treat- after completion of the study, and protocol and data col-
ments. For example, on April 27, 2020, the U.S. Food andection methods are still quality assessed4[ 15]. In
Drug Administration (FDA) approved the antimalarial contrast, academic publication may take significant pe-
drug hydroxychloroquine for emergency treatment of riods of time and can be costly and selective, with time-
COVID-19 with unknown optimal dosage and duration of intensive writing and review processes. Furthermore,
treatment [6]. However, the efficacy of hydroxychloro- clinical trial registry data is available free of charge and
quine is still under question T]. Furthermore, it is cardio- can be pooled without concern for silent outcome
toxic at the higher doses which may be indicated for switching or publication bias 16-18]. Indeed, inclusion
COVID-19, causing QT prolongation leading to ventricu- of unpublished study results from clinical trial registries
lar tachycardia and death8]. Care must be taken not to in meta-analysis may provide important additional infor-
lose the rigorous safety standards usually stipulated fomation on adverse events and more precise risk esti-
pharmaceuticals, even during a pandemic, to avoid un-mates than looking at journal publications alonel].
necessary morbidity and mortality worldwide. Moreover, academic publications often fail to disclose all
As many of these drugs have been used widely in otheinformation on adverse events occurring during clinical
indications for years, there should be substantial infor-trials; a systematic review comparing journal publica-
mation on safety, tolerability and pharmacokinetics tions with related unpublished documents showed a
available in the public domain, including public trial lower number of adverse events in the published medical
registries where trial sponsors are expected to uploaditerature for 75% of included studie2[)]. Care needs to
summary results. According to the FDA Amendment be taken during the pandemic as interest in potential
Act 2007, the responsible party for applicable clinical tri- treatments for COVID-19 generates even greater incen-
als registered orClinicalTrials.govmust report results to  tive than normal for the publication of studies with posi-
a public register within 12 months of the primary com- tive results only. Without rapid sharing of datasets for
pletion date or in some cases risk a fine of $11,569 fordrugs that may be repurposed for COVID-19, starting
every day results are delayed,[10]. Yet, whilst the with the timely reporting of primary trial results, sec-
International Committee of Medical Journal Editors ondary analyses of safety data will be arduous and often
(ICMJE) policy requires prospective registration of inter- incomplete [L4, 21]. This may slow down the biomedical
ventional studies on a WHO primary registry or on innovation process and could lead to preventable side ef-
ClinicalTrials.goy it does not currently require re- fects occurring in vulnerable patients if safety informa-
searchers to report summary results on these registriegion remains missing. As the pharmaceutical pipeline is
before academic publicationfl]. Failure to share clin- accelerated to address the COVID-19 pandemic, enhan-
ical trial results publicly can have repercussions forcing clinical trial transparency is now more important
health and public expenditure, especially during a pan-than ever.
demic when there should be rapid sharing of results ra- In this rapid review ofClinicalTrials.goy we aimed to de-
ther than the conventional academic publishing route.  termine the scale of unpublished clinical trial results. This is
The effects of poor clinical trial transparency were il- important as a lack of primary data may hinder safety re-
lustrated by the widespread stockpiling and prescription views of repurposed drugs for COVID-19. We reviewed the
of oseltamivir (Tamiflu) during the HIN1 swine flu out- number of completed or terminated trials that have not re-
break in 2009, despite a lack of evidence on safety ang@orted due primary trial results for an extensive list of medi-
efficacy [12). When the clinical study reports for this cations being repurposed for COVID-19. Specifically, we
therapeutic were finally made publicly accessible, thesearched for any trial resultsdm all previous indications for
benefits of the product turned out to be exaggerated andthese drugs that have not been made available to the public,
misrepresented in the journal publications compared to with no results published on either on th€linicalTrial.gov
the underlying data. Following the same H1N1 outbreak,registry or in the academic literature.
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2020 to determine whether results were reported else-

We selected 19 potential treatments for coronavirus dis-where through academic publication (Figd).

eases based on information found in potential COVID-
19 treatment reviews §, 22, 23]. The drugs assessed
were pirfenidone, hydroxychloroquine, azithromycin,
favipiravir, oseltamivir, sarilumab, tocilizumab, remdesi-
vir, leflunomide, interferon-alpha, lopinavir-ritonavir,
darunavir-ritonavir, baloxavir marboxil, umifenovir,
interferon-beta, sofosbuvir, nitazoxanide, APNO1 and
ivermectin (Tablel). Synonyms and chemical names for
these drugs were taken frorpubchem.ncbi.nim.nih.gov
(Appendix) [24].

The U.S. clinical trials registrylinicalTrials.goy was
searched for all trials that listed these drugs as an inter-
vention. Results of the search were downloaded on 4
April 2020 [25]. Numbers of trials with and without re-
sults on the registry were recorded. For trials without re-
sults, trial status was determined (completed, ongoing,
suspended, terminated or withdrawn). Trials listingri-
mary completion datéin the future were counted as on-

drawn trials.

1)

2)

3)

Publications automatically indexed by clinical trial
identifier (NCT number) on ClinicalTrials.gov were
screened and included based on criteria below. If
multiple publications were listed, the earliest dated
publication was selected.

If results were not available on the registry, the
NCT number was used to search and screen
academic publications in PubMed.

If the PubMed search did not retrieve an academic
publication, an additional search was conducted in
Google Scholar using the following search terms in

succession: clinical trial identifier; listed title;
intervention name with primary investigator’s
name. For each search, the first twenty results were

screened.

If a publication did not include the clinical trial

going, if no primary completion date was available thenidentifier, it was cross-referenced with the primary in-
the study completion date was used. Listed trial statusvestigator, study design, intervention, and outcomes
was used to identify terminated, suspended and with-listed on ClinicalTrials.gov to assess relevance. We

excluded publications that had fewer than 500 words,

For all trials without results onClinicalTrials.goy a as well as conference abstracts, posters, presentations
three-step process was followed between 4 and 27 Apriend non-English texts.

Table 1 Trials registered to NCT for repurposed drugs, of which ongoing and suspended or withdrawn. Percentages are of all

registered trials

Generic name Total registered Ongoing Suspended/withdrawn Completed
Pirfenidone 86 30 (34.9%) 2 (2.3%) 54 (62.8%)
Hydroxychloroquine sulfate 233 74 (31.8%) 5 (2.1%) 154 (66.1%)
Azithromycin 457 98 (21.4%) 16 (3.5%) 343 (75.1%)
Favipiravir 12 3 (25.0%) 0 (0.0%) 9 (75.0%)
Oseltamivir 127 18 (14.2%) 8 (6.3%) 101 (79.5%)
Sarilumab 37 19 (51.4%) 0 (0.0%) 18 (48.6%)
Tocilizumab (atlizumab) 360 84 (23.3%) 9 (2.5%) 267 (74.2%)
Remdesivir 12 11 (91.7%) 0 (0.0%) 1(8.3)
Leflunomide 25 4 (16.0%) 1 (4.0%) 20 (80.0%)
Interferon-alpha 1161 71 (6.1%) 41 (3.5%) 1049 (90.4%)
Lopinavir/ritonavir 1015 66 (6.5%) 22 (2.2%) 927 (91.3%)
Darunavir/ritonavir 246 26 (10.6%) 4 (1.6%) 216 (87.8%)
Baloxavir marboxil 9 4 (44.4%) 0 (0.0%) 5 (55.6%)
Umifenovir 10 8 (80.0%) 0 (0.0%) 2 (20.0%)
Interferon-beta 343 43 (12.5%) 15 (4.4%) 285 (83.1%)
Sofosbuvir 261 75 (28.7%) 10 (3.8%) 176 (67.4%)
Nitazoxanide 57 8 (14.0%) 1(1.8%) 48 (84.2%)
APNO1 (ACE2 analogue) 1 0 (0.0%) 0 (0.0%) 1 (100.0%)
Ivermectin 101 19 (18.8%) 4 (4.0%) 78 (77.2%)
Totals 4553 661 (14.5%) 138 (3.0%) 3754 (82.5%)
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Enter NCT on
clinicaltrials.gov, open HIT
study and look for any
publication listed

Search for earliest
linked publication (start HIT
with publication listed
under ‘publications
automatically indexed to
this study’)

Hit: publication found

Extract Pubmed ID, DOI
and publication date

HIT
Search NCT on
Pubmed
Search google scholar
and screen 15! 2 pages:
1.NCT HIT

Definition of a hit:
* Includes results.
e Publication >500

words

2. Study Title
3. Intervention and
investigator name (if
listed)

Exclusion Criteria:
+ Ongoing, withdrawn or

No hit: suspended trials.

no publication
found

* Presentations, posters or
conference abstracts

Fig. 1 Flow chart depicting the methodology used to search for and identify relevant publications for each of the trials [ZTegoon

Publications of results were recorded by PMID, DOI A second blinded review was conducted by a different
and publication date. Trials with summary results on researcher on 10% of trials for each drug to check con-
ClinicalTrials.gov combined with those with a journal cordance between reviewers. The protocol during the
publication gave a total number of trials with results second review remained unchanged and researchers
where results were found in the public domain. This were blinded to the results of the first review. A random
allowed approximation of registered trials without results. number generator was used to select trials for second re-

Additionally, overdue trials were calculated as anyview. Concordance was assessed using simple percentage
completed trial with no result on the registry and a pri- agreement as well as Coh@snkappa to further analyse
mary completion date before 18 April 2019, 395 daysinterrater reliability [27]. Results published between the
prior to final analysis (1 year + 30-day grace period). Thisdates of first and second review (29 Apfid May 2020)
is the standard outlined in the FDAAA 2007 and used aswere not counted in this assessment.

a reference throughout this study despite not all in-

cluded trials being covered by the lav@]f This is also Results

consistent with international ethical standards for timely Nineteen drugs were screened, encompassing a total of
results dissemination of 12 months set by the World 4553 clinical trials registered orClinicalTrials.gov
Health Organisation 26). (Table 1). We excluded 799 of these trials, 661 of which
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were ongoing (primary completion date in the future) through academic publication (Tabl@). This shows a large
and 138 of which were suspended or withdrawn. Figuite gap in the evidence base regarding efficacy and adverse ef-
shows the number of trials found orClinicalTrials.goy fects of these drugs, which may limit attempts to compre-
those excluded from this analysis, and the final resultshensively review their safety before potential global
status of all included trials. All recorded percentages indistribution for the COVID-19 pandemic. As this review as-
text are in relation to the 3754 completed trials, seen in sesses reporting of primary results, which do not necessarily
Table 2. encompass safety data, the prapon of trials without safety

In sum, our protocol revealed 2238 (59.6%) completedinformation may be higher than the reported 40.4%. The
trials had published results either on the registry or in the 2238 (59.6%) completed studiewith available results were
academic literature (Tabl®). Of these, 1172 (31.2%) com- comprised of 1172 (31.2%) with results on the registry and
pleted trials had tabular results o€linicalTrials.gov 1066 (28.4%) without results on the registry that had results
(Table 2). A further 1066 (28.4%) completed trials had re- from a standardised search of the literature (Tal® Fur-
sults from the literature search, but did not report results thermore, 2379 (63.4%) studies without registry results had a
on ClinicalTrials.gov(Table 2). Across the 19 drugs which primary completion date 395days in the past and were
may be repurposed for the treatment of COVID-19, 1516 therefore outside of the timeframe for results publication as
(40.4%) of completed clinical trials listed d@linicalTrials. mandated by the FDAAA 2007 and WHO best practic]]
gov were missing results. Figur® shows the proportions Although 1008 (26.9%) of these had already published results
of trial results available orClinicalTrials.goy available in in academic literature, they still failed to upload their sum-
the literature, and those with no results available. mary results onClinicalTrials.gov Not all trials included in

Of the 3754 completed studies, 2379 (63.4%) did nothis study are covered by the FDAAA 2007, but the 12-
report results onClinicalTrials.govwithin of the 395-day month deadline remains an important benchmark for good
timeframe mandated by the FDAAA 2007 and the scientific practice 26]. With 40.4% of clinical trial results un-
WHO. Of these trials that did not report results on the available for potential COVID-19 treatments, the data for
NCT, 1008 (26.9%) had published results in the aca<linical decision making regarding the safety of these thera-
demic literature but failed to adhere to reporting best peutics is limited. If any potential treatments with an incom-
practices P]. In the blinded second review of 341 (10%) plete evidence base are used during the pandemic, even in
trials, percentage agreement was 83.6%, whilst the kappeompassionate use programmes, there is a risk of avoidable

was 0.64 indicatingsubstantial agreemeh{27]. harm being done because of missing adverse safety data. An
evidence gap was revealed for drugs which have had exten-
Discussion sive media coverage in the context of COVID-19, including

Of the completed clinical trigs for existing drugs that may hydroxychloroquine (37.0% without results), favipiravir
be repurposed for COVID-19, 40.4% did not report primary (77.8%) and lopinavir (40.5%28-30. These drugs are cur-
results, including safety data, on eith@linicalTrials.govor  rently used in COVID-19 patiets and clinical trials across

RESULTS

AVAILABLE:
Trials with RESULTS
results listed on AVAILABLE:
CT.gov Trials with results
in published
1 066 paper Trials which are:

Ongoing or
1172 Suspended/Withdrawn

138 + 661

Trials which are due but

RESULTS
NOT
o P : o AVAILABLE
Total trials :  Trials with no Trials with no @ Total trials with no
for all drugs : results listed : results on registered or
on CT.gov on CT.gov CT.gov or published results
publication

Fig. 2 Flow diagram displaying the numbers of registered trials identifigdTogowand the proportion of these which ultimately have no
results available. The number of trials which had results available from various sources or had been withdrawn/suspended or trails for|which
results were not yet due are also shown

J
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step-by-step instructions of this procesd()]. Especially Author details

during the COVID-19 pandemic, it is of great import-
ance that trials sponsors release summary results o
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Conclusions

Overall, our findings reveal a significant evidence gapReferences

for drugs being repurposed for COVID-19. As a result ;:

important information on the safety of these treat-
ments, that should have been reported with primary
. . 3.
results, remains unknown. We suggest that this un-
certainty could cause a large burden of extra morbid-
ity in the global pandemic. We therefore recommend #
caution in experimental drug use for non-severe dis-
ease and urge trial sponsors to report missing resultss.
retrospectively. Medicine during the COVID-19 pan-
demic cannot be evidence-based if a large proportiong
of the evidence is missing
7.
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