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Abstract

Background: The COVID-19 pandemic continues to rage on, and clinical research has been promoted worldwide.
We aimed to assess the clinical and methodological characteristics of treatment clinical trials that have been set
forth as an early response to the COVID-19 pandemic.

Methods: First, we reviewed all registered clinical trials on COVID-19. The World Health Organization International
Trials Registry Platform and national trial registries were searched for COVID-19 trials through April 19th, 2020. For
each record, independent researchers extracted interventions, participants, and methodological characteristics.
Second, on September 14th, 2020 we evaluated the recruitment status and availability of the results of COVID-19
treatment trials previously identified.

Results: In April 2020, a total of 580 trials evaluating COVID-19 treatment were registered. Reporting quality was
poor (core participant information was missing in 24.1 to 92.7%). Between 54.0 and 93.8% of the trials did not plan
to include older people or those with a higher baseline risk. Most studies were randomised (67.9%), single-centre
(58.3%), non-industry-funded (81.1%), to be conducted in China (47.6%), with a median duration of 184 days and a
median sample size of 100 participants. Core endpoints (mortality, clinical status, and hospitalization length) were
planned to be assessed in 5.2 to 13.1% of the trials. Five months later, 66 trials (11.4%) were reported as
"Completed”, and only 46 (7.9%) had public results available. One hundred forty-four of 580 trials (24.8%) either had
the status "Not yet recruiting” or “Suspended”, and 18 (3.1%) trials were prematurely stopped (“Terminated” or
"Withdrawn”) The number of completed trials and trials with results are much lower than anticipated, considering
the planned follow-up.
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Conclusions: Our results raise concerns about the success of the initial global research effort on COVID-19
treatment. The clinical and methodological characteristics of early COVID-19 treatment trials limit their capability to
produce clear answers to critical questions in the shortest possible time.

Keywords: COVID-19, Clinical trials, Meta-research, Trial methodology, Clinical endpoints

Background

Since December 2019, SARS-CoV-2 has caused a global
outbreak of a respiratory illness termed coronavirus
disease (COVID-19). COVID-19 ranges from mild, self-
limiting respiratory tract illness to severe progressive
pneumonia, multiorgan failure, and death [1, 2]. To date,
there are no therapeutic agents specifically designed for
the treatment of COVID-19. Fierce medical research is
currently underway, however, there are historical reasons
that led us to question if the global research community
is maximizing the expected benefit from these efforts
[3]. To shed some light on this question we decided to
assess the clinical and methodological characteristics of
treatment clinical trials set forth as an early response to
the COVID-19 pandemic.

Previous analyses of COVID-19-related studies have
been published focusing on scientific articles on
COVID-19, and registered studies beyond clinical trials
[4]. We aim to focus on clinical trial records, providing a
deeper insight into the methodological characteristics
that help to assess the capability of clinical research in a
pandemic context. COVID-related clinical trials have
already been recognized to lack features that optimize
their scientific value [5]. We intend to add a further
perspective providing a follow-up of the early-phase re-
search and review the output of early COVID-19 treat-
ment trials.

Methods
Registry search and trial selection
The World Health Organization (WHO) International
Clinical Trials Registry Platform (ICTRP) contains the
trial registration datasets provided by 17 clinical trial
registries [6]. It is anticipated that the great majority of
ongoing clinical trials are captured and recorded by the
databases [7]. We searched the ICTRP for completed
and ongoing COVID-19 trial records through April
19th, 2020 using the search terms “COVID-19”, “SARS-
Cov-2”, “2019-nCoV”, “severe acute respiratory syn-
drome coronavirus 27, “2019 novel coronavirus” and
“COVID”. We also searched the three main national
clinical trial registries, namely ClinicalTrials.gov, the EU
Clinical Trials Register (EUCTR), and the Chinese Clin-
ical Trial Registry (ChiCTR).

We included all interventional trials, irrespective of
the intervention under investigation. We excluded

duplicate trial entries and trials that did not directly ad-
dress COVID-19. We did not exclude trials due to in-
complete data reporting.

Data extraction

Independent authors selected the trials registered up to
April 19th, 2020, extracted data into a pre-piloted
spreadsheet (supplementary material), and classified
each trial as seeking to assess a treatment or prophylac-
tic effect, or both. For each record, we extracted the type
of intervention, methodological aspects of the study
design, and participant characteristics. We assessed
whether or not trials plan to include participants with
known risk factors for poorer outcomes in COVID-19
[1, 2], namely cancer, chronic obstructive pulmonary
disease (COPD), diabetes, heart disease, hypertension, or
immunodeficiency.

For each trial identified, we extracted the updated re-
cruitment status on September 14th, 2020, alongside the
reasons for trials being prematurely stopped when avail-
able. We also assessed the registries for any submitted
results or indexed publications on the same date. Add-
itionally, we checked for publications of results of the
previously identified trials in WHOQO’s Global Research on
Covid-19 Database [8], Cochrane Covid-19 Study Regis-
ter [9], and selected living systematic reviews on covid-
19 [10, 11].

Analysis

We conducted statistical analyses using the R software
(version 3.6.1). We calculated descriptive statistics to
characterize data. We performed statistical comparisons
between post hoc defined groups using the Chi-Squared
and Kruskal-Wallis tests. We deemed P values of 0.05
statistically significant, with tests being two-sided.

Sample size estimates

We conducted sample size calculations using different
baseline scenarios for case fatality rates (CFR) for the
control group (2, 5, and 10%), as the true CER is largely
unknown [12] and liable to change over time. Neverthe-
less, we recognize that a 2% CFR may be lower than that
observed in settings recruiting mostly high-risk patients.
We considered different possible treatment effects. All
sample size calculations considered a significance level
of 0.05 and a power of 80%.


http://clinicaltrials.gov
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Results

We found 693 records of clinical trial protocols (supple-
mentary material), 648 (93.5%) on COVID-19, and 45
(6.5%) on COVID-related conditions (notably pulmonary
rehabilitation or exercise and mental health among
health care workers).

Among COVID-19 trials, 572 (88.3%) evaluated treat-
ment only (Table 1), 68 (10.5%) evaluated prophylaxis
only, and eight (1.2%) evaluated both. Our results focus
on the 580 trials evaluating COVID-19 treatment.

Quality of reporting

The quality of reporting across the trial registries is glo-
bally poor. In trial protocols covering COVID-19 treat-
ment, the maximal inclusion age was not specified in
332 protocols (57.2%), while 159 (27.4%) and 197
(34.0%) failed to report whether participants with severe
or critical disease forms were to be included, respect-
ively. Additionally, we could not assess whether patients
with known risk factors for poorer outcomes would be
included in 74.8% (regarding the inclusion or exclusion
of patients with an immunocompromised state) and
93.8% (regarding the inclusion or exclusion of partici-
pants with hypertension) of the protocols.

COVID-19 treatment trials interventions

Most trials (349 of 580, 60.2%) studied pharmacotherapy
(drug medicines), though 92 (15.9%) studied traditional
Chinese medicine (TCM). The remaining trials (25.0%)
evaluated mesenchymal stem cells and natural killer
cells, advanced life support strategies, convalescent
plasma and immunoglobulins, and other interventions
(Table 1).

Those protocols for which clinical data were available,
less than half had planned to include participants over
the age of 80 (19.7%), patients at a critical stage (21.4%),
and patients with known risk factors for poorer out-
comes (range, 1.6 to 5.5%). When comparing pharmaco-
therapy, TCM, and trials evaluating other treatment
interventions, we found notable differences in the pro-
portion of trials that planned to include patients with a
severe (P < 0.001) or critical status (P < 0.001) at baseline,
both were smaller among trials evaluating TCM (Fig. 1).

In those protocols for which methodological data were
available, most trials were non-industry-funded (81.1%),
used a randomised design (67.9%), and were conducted
in China (47.6%), irrespective of the intervention under
evaluation. Less than half the trials (41.7%) planned to
have more than one centre and only 3.0% planned to in-
clude centres from countries on different continents
(Fig. 2). Core clinical outcomes (mortality, clinical status
evaluated with WHO scales, and length of
hospitalization) were assessed as primary endpoints in
only a minority of trials (range, 5.2 to 13.1%). The most

Page 3 of 10

commonly reported primary endpoints were respiratory
measures (97, 20.8%). The planned median sample size
and trial duration were 100 participants (interquartile
range, 50 to 260) and 184 days (interquartile range, 94 to
365), respectively. When comparing pharmacotherapy,
TCM, and trials evaluating other treatment interven-
tions, we found notable differences in the proportion of
trials that were randomised controlled trials (RCTs) and
in planned median sample sizes (Fig. 3). Pharmacother-
apy trials had the highest proportion of RCTs (P<
0.001), while trials evaluating other treatment interven-
tions had the lowest planned median sample sizes (P <
0.001).

Pharmacotherapy trials for COVID-19 treatment
The clinical and methodological characteristics of these
trials are detailed in the supplementary material.

Of the 349 trials that sought to evaluate drug treat-
ments for COVID-19, most (111, 31.8%) evaluated
chloroquine/hydroxychloroquine. ~ Additionally, 89
(25.5%) evaluated antivirals, 65 (18.6%) assessed mono-
clonal antibodies, and 42 (12.0%) assessed a form of
interferon, immunomodulators, or immunosuppressants.
Notably, the proportion of trials that included patients
with a severe or critical illness at baseline were different
between these groups (P < 0.001 for both): the inclusion
of these populations was greater among trials evaluating
monoclonal antibodies (89.5 and 45.8%, respectively)
and smaller among trials evaluating antivirals (43.9 and
13.2%, respectively). The proportion of trials including
patients with COPD, diabetes, cancer, or immunodefi-
ciency was also different across these treatment groups,
with the inclusion of these populations greater in chloro-
quine/hydroxychloroquine trials and smaller in antiviral
trials (table and figure in the supplementary material).
The planned median trial sample sizes and study dura-
tions were also larger in chloroquine/hydroxychloro-
quine trials and smaller in antiviral trials (table and
figure in the supplementary material).

Sample size estimates

We performed sample size calculations for different
baseline scenarios for CFR of 2, 5, and 10% in the con-
trol group while considering different possible treatment
effects on mortality. Regarding registered trials with
mortality as a primary endpoint, and assuming a baseline
risk of 2%, only three trials were sufficiently powered to
detect a difference of 50% or more between treatment
groups (supplementary material).

Availability of results and recruitment status in
September 2020

On September 14th, 2020 we assessed the recruitment
status and availability of results of the 580 treatment
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Table 1 Trials for COVID-19 treatment
Pharmacotherapy Traditional Mesenchymal stem Advanced life- Convalescent plasma  Others
Chinese cells and NK cells  support and immunoglobulins
Medicine strategies
Number of trials — no. 349 (60) 92 (16) 39 (7) 27 (5) 35 (6) 44 (8)
(%)
Maximal inclusion age - no. (%)

265 115 (33) 56 (61) 26 (67) 10 (37) 12 (34) 17 (39)
2380 61 (17) 26 (28) 7(18) 9(33) 6(17) 6 (14)
Not specified or 228 (65) 32 (35) 12 31) 17 (63) 20 (57) 27 (61)

unknown?®
Inclusion of severe COVID-19 - no. (%)
Yes 174 (50) 23 (25) 28 (72) 16 (59) 22 (63) 16 (36)
No 86 (25) 30 (33) 2 (5 10 (37) 4(11) 14 (32)
No information 89 (26) 39 (42) 9 (23) 14 9 (26) 14 (32)
Inclusion of critical COVID-19 — no. (%)
Yes 70 (20) 303) 12 (31) 17 (63) 16 (46) 8(18)
No 165 (47) 48 (52) 9 (23) 6 (22) 9 (26) 22 (50)
No information 114 (33) 41 (45) 18 (46) 4 (15) 10 (29) 14 (32)
Inclusion of participants with cancer — no. (%)
Yes 15 (4) 303) 0(0) 00 00 1)
No 49 (14) 31 (34) 27 (69) 3(11) 4(11) 11 (25)
No information 285 (82) 58 (63) 12 (31) 24 (89) 31 (89) 32 (73)
Inclusion of participants with COPD — no. (%)

Yes 16 (5) 30) 0(0) 1(4) 0(0) 00
No 31 (9 31 (39 7 (18) 3011 309 6 (14)
No information 302 (87) 58 (63) 32 (82) 23 (85) 32(91) 38 (86)

Inclusion of participants with diabetes — no. (%)

Yes 16 (5) 0(0) 0(0) 14 00 00
No 16 (5) 11(12) 25 3(11) 103 6 (14)
No information 317.91) 81 (88) 37 (95) 23 (85) 34 (97) 38 (86)

Inclusion of participants with heart disease — no. (%)

Yes 30 (9) 0(0) 0(0) 14 0(0) 1(2)
No 52 (15) 23 (25) 318 14 4(11) 50Mm
No information 267 (77) 69 (75) 36 (92) 25 (93) 31 (89) 38 (86)

Inclusion of participants with hypertension — no. (%)

Yes 19 (5) 2Q) 0(0) 1(4) 0(0) 000
No 82 44 0(0) 14) 0(0) 1)
No information 322 (92) 86 (93) 39 (100) 25 (93) 35 (100) 43 (98)

Inclusion of immunocompromised participants — no. (%)

Yes 903 0(0) 0 (0) 0 (0) 00 0 (0)
No 82 (23) 27 (29) 13 (33) 2(7) 5(14) 9 (20)
No information 258 (74) 65 (71) 26 (67) 25 (93) 30 (86) 35 (80)

Main geographical China 110 (32) China 90 (98) China 28 (72) China 10 (37) China 11 (31) China 21 (48)

locations — no. (%)

Single European
country 103 (30)
United States 47
(13)

Primary endpoints used - no. (%)

Single African
country 1 (1)
No information
1(1)

Single European
country 6 (15)
Single American
country 2 (5)

Single European
country 9 (33)
United States 6
(22)

Single European country
9 (26)
United States 6 (17)

United States 8
(18)

Single European
country 7 (16)
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Table 1 Trials for COVID-19 treatment (Continued)

Pharmacotherapy Traditional Mesenchymal stem Advanced life- Convalescent plasma  Others
Chinese cells and NK cells  support and immunoglobulins
Medicine strategies
Mortality 43 (13) 7 (8) 318 8 (30) 9 (26) 50Mm
Clinical status (WHO 38 (11) 0(0) 0(0) 0 (0) 2 (6) 3(7)
Scales)
Length of 14 (4) 89 25 2(7) 2(6) 3(7)

hospitalization

Randomised trials — no. (%)

Yes 275 (79) 49 (53) 19 (49) 13 (48) 16 (46) 26 (59)

No 74 (21) 43 (47) 20 (51) 14 (52) 19 (54) 18 (41)
Multicentre trials — no. (%)

Yes 129 (37) 37 (40) 11 (28) 6 (22) 13 (37) 15 (34)

No 164 (47) 47 (51) 26 (67) 17 (63) 16 (46) 25 (57)
No information 56 (16) 8 (9) 2 (5 4 (15) 6(17) 4 (9)
Industry-funded - no. (%)

Yes 73 (21) 12 (13) 9 (23) 2(7) 6 (17) 7 (16)

No 276 (79) 80 (87) 30 (77) 25 (93) 29 (83) 37 (84)
Median sample size 123.5 (60-333) 120 (72-300) 30 (20-48) 44 (20-190.5) 50 (20-117.5) 70 (40-200)
calculated (IQR) - no.

Median expected trial 181 (98.5-365) 155 (90-337) 314 (188-437.5) 217 (92-396) 214 (92-364) 262.5 (90—
duration (IQR) - days 381.75)

COPD chronic obstructive pulmonary disease, IQR interquartile range
Note: The sum of the columns is higher than 580 because some trials assess more than one intervention
®Most of these trials (93%) specify a minimal inclusion age, without specifying a maximal inclusion age

P=0.07 P<0.001 P<0.001 P=0.04 P=0.003 P=0.001 P<0.001 P=0.14 P=0.05
809 r d r d r d r d r d r d r d r d r d
604
S
z
=
B
Gt
S 404
=
2
=1
2
2
=™
204
O_
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Il Pharmacotherapy Traditional Chinese Medicine B Other
Fig. 1 Clinical characteristics of participants included in early COVID-19 treatment trials
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Primary trial endpoints

trial protocols registered up to April 19th, 2020. Sixty-
six (11.4%) trials were reported as “Completed”, 351
(60.5%) as “Recruiting”, 130 (22.4%) as “Not yet recruit-
ing”, 14 (2.4%) as “Suspended”, 11 (1.9%) as “Termi-
nated”, seven (1.2%) as “Withdrawn”, and for one (0.2%)
the recruitment status was unknown.

Of the 18 trials that stopped prematurely (classified as
“Terminated” or “Withdrawn”) we collected the reasons
for stopping if this was explicit in the registries: six were
due to low accrual, three were due to availability of new

evidence, two for others reason (including, for example,
administrative issues), and seven trials for unknown rea-
sons. Fourteen trials were reported as “Suspended” for
the following reasons: six due to low accrual, one due to
futility, one due to availability of new evidence, three for
other reasons, and three for unknown reasons.

Of the 580 identified treatment trials, 251 (43.3%) had
been planned to be completed before September 14th,
2020; nevertheless only 33 of these (13.1%) reported be-
ing “Completed” on this date. The majority of these

P<0.001
500 = r 1
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Fig. 3 Planned median sample size and trial duration of early COVID-19 treatment trials
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trials remained listed as “Recruiting” (136; 54.2%), 66
(26.3%) as “Not yet recruiting”, six (2.4%) as “Sus-
pended”, seven (2.8%) as “Terminated”, two (0.8%) as
“Withdrawn”, and one (0.4%) was unknown.

Public results were only available for a few trials (46,
7.9%), mainly through journal articles, and only one had
submitted results to the registry. Of these 46 trials, 19
were listed as “Completed” in the registry and two as
“Terminated”, while 22 were still listed as “Recruiting”,
and three as “Not yet recruiting”.

Discussion

On January 30th, 2020, COVID-19 was declared a public
health emergency of international concern and on
March 11th, it was declared a pandemic. As of our initial
search date, April 19th, 1,603,209 cases had been re-
ported worldwide, 54,225 patients were in a serious or
critical state, and 169,750 had died [13]. These numbers
continued to increase hourly as the world raced to miti-
gate the impact of the disease. Our results suggest that a
considerable clinical research effort was mobilized early
on against COVID-19. The hundreds of trials conducted
worldwide offer some hope. To maximise the efficacy of
research in infectious disease epidemics, research must
be fast, flexible, and integrated with the frontline re-
sponse [14].

Adaptive clinical trials may be particularly useful in
the current pandemic [15, 16] as they enable sample
sizes and allocation ratios to be refined, treatments or
doses abandoned, and focus moved towards patients
with a higher likelihood of benefit. A few large trials,
notably, the RECOVERY trial and the WHO Solidarity
trial, are underway and use an adaptive design. Cur-
rently, preliminary results are available confirming the
usefulness of this type of trial design in providing in-
formative evidence, namely showing positive results for
dexamethasone [17] and lack of benefit for hydroxy-
chloroquine [18] and lopinavir/ritonavir [10]. Another
example is the Adaptive COVID-19 Treatment Trial,
(ACTT) [19], sponsored by the National Institute of Al-
lergy and Infectious Diseases (NIAID) that led remdesi-
vir to receive a conditional marketing authorisation by
the European Medicines Agency (EMA) and an initial
Emergency Use Authorization (EUA) followed by formal
approval by the US Food and Drug Administration
(FDA). With these few exceptions, the research we
found seems largely insufficient to provide clear answers
for core outcomes in the shortest possible time. How-
ever, it is important to consider that although limitations
were present from the onset, several protocols were later
revised based on the evolution of the pandemic and in-
creasing knowledge of the disease. The overall impact of
protocol modifications is beyond the objectives of the
present study. Nevertheless, based on the final results of
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several studies, most limitations present from the onset
seem to have remained and affect the final publication.

Our results suggest that patients at the largest risk of
death due to COVID-19 were not being prioritised in
clinical trials. This is an important missed opportunity
since the high baseline risk means that smaller treatment
effects would be more easily detected [3]. Therefore, par-
ticipants with a higher likelihood of benefit should not
only be the focus of clinical research from an ethical
point of view but would be the most efficient population
to study in order to identify which treatments are worth-
while pursuing and which are not. Although the focus
on high-risk patients would have been an important
strategy to adopt in early trials, in later trials the inclu-
sion of non-selective patients would be essential to en-
sure the external validity of results.

While most treatment trials use a randomised con-
trolled design, we found that 92 (15.9%) were single-
arm trials. These trials are a matter of concern,
namely as CFR changes considerably over time, and
trials using historical controls will likely lead to more
false-positive findings [20]. Also of concern is the fact
that most treatment trials (58.3%) were not multi-
centric. It is well documented that evidence from
single-centre trials is more prone to bias compared
with multicentre trials, and tend to provide larger
treatment effects [21]. This is particularly clear in the
critical care setting, where many positive single-centre
trials have been contradicted by subsequent multicen-
tre trials [22]. Furthermore, few RCTs conducted in
intensive care units and using mortality as a primary
endpoint show a beneficial impact of the intervention
on the survival of critically ill patients [23].

Another essential aspect of trial design is the choice of
endpoints. While we recognize the importance of surro-
gate endpoints, which allow faster results to be obtained
when compared with core clinical endpoints [24], the
lack of hard and more pragmatic endpoints such as
death and length of hospitalisation are causes for con-
cern. To eschew these more clinically relevant endpoints
is a methodological mistake that is hard to understand.
High-quality information, as straightforward and gener-
alisable as possible, will be key to moving forward. For
research to permit informed clinical decision-making,
this will have to change, and trials must use uniform
disease-related definitions. Of note, several core out-
come sets have been defined since the trial protocols
were first registered [25]. However, these were published
after the first wave of the pandemic in the northern
hemisphere, and therefore beyond the scope of time dur-
ing which these might have been most useful. Neverthe-
less, many treatment trials are a priori already deemed
not to detect statistically significant and clinically rele-
vant results. The median target sample size of assessed
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COVID-19 pharmacotherapy trials is 100 participants.
This is manifestly insufficient to detect anything but an
extremely large treatment effect. For example, regarding
trials with mortality as a primary endpoint, only three
trials were powered to detect a difference of 50% or
more between treatment groups (assuming a baseline
risk of 2%). Even assuming a baseline risk of 10%,
only 38 trials were adequately powered to detect a
difference of 50% or more between treatment groups.
In fact, half of the trials evaluating mortality have a
sample size of 112 participants or fewer and are only
able to identify a treatment effect on mortality over
90% (irrespectively of the baseline risk), which is un-
realistic (supplementary material). Although the re-
sults of underpowered trials can be meta-analysed,
thereby increasing the power to detect a treatment ef-
fect, this approach remains inefficient in terms of
time and overall resources. The results of systematic
reviews and meta-analysis can be threatened by
underpowered trials due to publication bias and re-
lated types of small-study effects [26]. On the other
hand, the planned trial duration is also relatively
short (median of 184 days for overall treatment trials),
given the uncertainty regarding the natural history of
COVID-19.

Some of our concerns have been increased by the early
termination of a clinical trial studying remdesivir, con-
ducted in 10 hospitals in Wuhan, China [27]. This trial
was to enrol 453 participants but as the disease in the
area was brought under control the number of eligible
patients became too small, and recruitment was stopped
at 236 participants. This led to reduced power in the
trial, of only 58%, while it was intended to be 80%. This
trial failed to demonstrate any difference in time to clin-
ical improvement with remdesivir (HR 1.23 [95% CI
0.87-1.75]), while, later on, the ACTT trial, an adaptive,
larger, and adequately powered trial succeeded in show-
ing the usefulness of remdesivir in hospitalized patients
(rate ratio for recovery 1.32 [95% CI 1.12-1.55]) [19].

We found that only 18.9% of treatment trials were
industry-funded. Although trials undertaken on the
initiative of investigators are important, the absence
of experienced industry-supported trials means that
there is considerable room for improvement and
effort by many of these multinational corporations.
Although we are aware of important efforts by the in-
dustry to maintain pharmacotherapies available during
the crisis, these entities have the resources and
experience available to provide an important contribu-
tion in conducting high-quality, high-output clinical
research.

In mid-March 2020, the majority of COVID-19 cases
worldwide were no longer from continental China, and
as of April 19th, 2020, only around 4% of cases were
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from China [13]. These figures are in clear contrast with
the fact that so many treatment trials (47.6%) were con-
ducted exclusively in China. Previous research has sug-
gested that a large proportion of clinical trial data
submitted to support new drug registrations in China
may be considered to be incomplete or substandard
[28]. Therefore, despite the large push in research, we
question if the upcoming flood of data is of high enough
quality to produce clear answers to critical questions at
early stages and the necessary recruitment capability.
We are also worried that considerable efforts were
employed in the 92 treatment trials and combined
planned target samples of 18,892 participants studying
the effect of TCM on COVID-19. We would urge that
these resources be used more wisely.

The main pharmacotherapies under investigation were
chloroquine/hydroxychloroquine, antivirals, notably lopi-
navir/ritonavir, and monoclonal antibodies. We found
no substantive methodological differences between trials
evaluating these interventions. However, there are differ-
ences in patients’ clinical characteristics, with monoclo-
nal antibody trials allowing the inclusion of more
patients with several and critical illness, as well as partic-
ipants with relevant comorbidities. Antiviral trials in-
clude relatively fewer patients with several and critical
illness, and largely excluded participants with COVID-
relevant comorbidities.

As of September 14th, 2020, 6 months after the pan-
demic was declared, only a minority of these early trials
made results available to the public. Additionally, ac-
cording to planned completion dates, 251 trials should
have been completed by this date, while only 33 accom-
plished this commitment. This corresponds to much
lower figures than anticipated, considering the trials’
planned follow-up. Moreover, the information on the re-
cruitment status of the trials often seems to not be up-
dated in the registries, rendering it difficult to interpret
the real state of research on this topic. The current avail-
able overall results and status from these early 580 treat-
ment trials reinforce our initial worries about the overall
inadequacy of these trials to provide clinically relevant
conclusions.

Our study has several limitations. First, the data pre-
sented focus exclusively on registered trials. Similarly,
phase 1 trials may be underrepresented. Second, there is
a significant amount of missing or unsubmitted data for
certain data fields, which limits the completeness of the
analyses and thus the interpretability of the results pre-
sented. Third, given the rush to conduct more research,
there may be trials underway that had not yet been reg-
istered, an important issue given the common nature of
retrospective registration [7]. Fourthly, the quality of the
available records was largely poor, with inconsistencies
and errors throughout. We think that most of the issues
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have been resolved, though we cannot be certain that
nothing was missed.

Conclusions

With the hundreds of trials enrolling thousands of
people currently underway, a more efficient and useful
approach would be for research bodies such as the
WHO, NIH, Inserm, etc. to create a coordinated re-
search response to face the pandemic. The EMA has
called for similar efforts [29]. We understand that there
are political, ethical, administrative, contractual, regula-
tory, logistic, economic, and societal factors that may
hinder research, though these difficulties should be over-
come in times of global crisis. Persisting on the path of
isolated investigations will likely only lead to futile trials
and more death on a global scale. Given the large num-
bers of people with COVID-19, and the recent push for
more real-world evidence, we consider that there is an
urgent need for a global high-quality COVID-19 patient
registry, which could be used to detect large beneficial
effects [30] and provide relevant evidence for health care
decision-making [31].

Initiatives such as the WHO R&D Blueprint aim to
tackle the challenge of generating new evidence during
disease outbreaks. We believe that clinical research must
be integrated as an essential element of a coordinated
international response to epidemics. As those are excep-
tionally difficult contexts for clinical research, tools such
as adaptive protocols that could feasibly be integrated
into clinical practice, as well as global research networks
and platforms, may be of great help to produce inform-
ative research. Due to the unpredictable features of new
outbreaks, continued enrolment throughout different
locations should be advocated, this would enable the in-
clusion of sufficient numbers of participants as well as
the combination of research efforts [32].

The current treatment and prophylaxis options are
few and built upon very scarce and fragile data. With the
proper forward planning, critical questions could have
been answered earlier. As clinical investigators, we have
the obligation to adjust and improve the research being
conducted. The world was not ready to react with the
appropriate research to a pandemic. We believe that the
scientific community, the pharmaceutical industry, and
research agencies could have done better.

Abbreviations

ACTT: Adaptive COVID-19 Treatment Trial; CFR: Case Fatality Rates;

ChiCTR: Chinese Clinical Trial Registry; COPD: Chronic Obstructive Pulmonary
Disease; COVID-19: Coronavirus Disease 2019; EMA: European Medicines
Agency; EUA: Emergency Use Authorization; EUCTR: European Clinical Trials
Register; FDA: Food and Drug Administration; ICTRP: International Clinical
Trials Registry Platform; IQR: interquartile range; NIAID: National Institute of
Allergy and Infectious Diseases; RCT: Randomized Controlled Trials;

TCM: Traditional Chinese Medicine; WHO: World Health Organization

Page 9 of 10

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/512874-021-01233-w.

Additional file 1: Table S1. Main pharmacotherapy trials for covid-19
treatment (n = 349). Table S2. Sample size calculations for mortality. Fig-
ure S1. Flow chart for trial protocol records. Figure $2. Pharmacother-
apy trials for covid-19 treatment: clinical characteristics. Figure S3.
Pharmacotherapy trials for covid-19 treatment: methodological
characteristics.

Acknowledgements
None.

Authors’ contributions

Research project: Conception, GSD, JC. Organization, GSD, JC. Execution, BM,
GSD, LP, TM. Statistical analysis: Design, JC, NG. Execution, NG. Review and
Critique, BM, GSD, JC, JJF, TM. Manuscript preparation: Writing of the first
draft, GSD. Review and Critique, BM, JC, JJF, LP, NG, TM. All authors have read
and approved the manuscript. (BM, Beatrice Mainoli; GSD, Gongalo S Duarte;
JC, Jodo Costa; JJF, Joaquim J Ferreira; LP, Luisa Prada; NG, Nilza Gongalves;
TM, Tiago Machado)

Funding
This study is an academic project that did not receive any direct or indirect
governmental or non-governmental funding.

Availability of data and materials
All data generated or analysed during this study are included in this
published article and its supplementary information files.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests

Joaquim J Ferreira received speaker and consultant fees from
GlaxoSmithKline, Novartis, TEVA, Lundbeck, Solvay, Abbott, Bial, Merck-
Serono, Grunenthal and Merck Sharp and Dohme. The remaining authors de-
clare no conflicts of interest.

Author details

"Laboratory of Clinical Pharmacology and Therapeutics, Faculdade de
Medicina, Universidade de Lisboa, Avenida Prof. Egas Moniz, 1649-028
Lisbon, Portugal. ?Instituto de Medicina Molecular, Faculdade de Medicina,
Universidade de Lisboa, Lisbon, Portugal. *Centro de Estudos de Medicina
Baseada na Evidéncia, Faculdade de Medicina, Universidade de Lisboa,
Lisbon, Portugal. “Nova IMS - Universidade Nova de Lisboa, Lisbon, Portugal.
Cochrane Movement Disorders Group, Lisbon, Portugal.

Received: 9 December 2020 Accepted: 17 February 2021
Published online: 26 February 2021

References

1. Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, Zhang L, Fan G, Xu J, Gu X.
Clinical features of patients infected with 2019 novel coronavirus in Wuhan,
China. Lancet. 2020;395(10223):497-506.

2. Kui L, Fang Y-Y, Deng Y, Liu W, Wang M-F, Ma J-P, Xiao W, Wang Y-N,
Zhong M-H, Li C-H. Clinical characteristics of novel coronavirus cases in
tertiary hospitals in Hubei Province. Chin Med J. 2020;133(9):1025.

3. Yeh RW, Valsdottir LR, Yeh MW, Shen C, Kramer DB, Strom JB, Secemsky EA,
Healy JL, Domeier RM, Kazi DS. Parachute use to prevent death and major
trauma when jumping from aircraft: randomized controlled trial. bmj. 2018;
363:k5094.

4. Fidahic M, Nujic D, Runjic R, Civljak M, Markotic F, Lovric Makaric Z, Puljak L.
Research methodology and characteristics of journal articles with original


https://doi.org/10.1186/s12874-021-01233-w
https://doi.org/10.1186/s12874-021-01233-w

Mainoli et al. BMIC Medical Research Methodology

20.

21.

22.

23.

24.
25.

26.

27.

28.

29.

(2021) 21:42

data, preprint articles and registered clinical trial protocols about COVID-19.
BMC Med Res Methodol. 2020;20(1):161.

Mehta HB, Ehrhardt S, Moore TJ, Segal JB, Alexander GC. Characteristics of
registered clinical trials assessing treatments for COVID-19: a cross-sectional
analysis. BMJ Open. 2020;10(6):2039978.

Ogino D, Takahashi K, Sato H. Characteristics of clinical trial websites:
information distribution between ClinicalTrials.gov and 13 primary registries
in the WHO registry network. Trials. 2014;15:428.

Harriman SL, Patel J. When are clinical trials registered? An analysis of
prospective versus retrospective registration. Trials. 2016;17:187.

WHO's Global research on coronavirus disease (COVID-19) Database [https://
www.who.int/emergencies/diseases/novel-coronavirus-2019/global-research-
on-novel-coronavirus-2019-ncov].

Cochrane COVID-19 Study Register.

Siemieniuk RA, Bartoszko JJ, Ge L, Zeraatkar D, Izcovich A, Kum E, Pardo-
Hernandez H, Rochwerg B, Lamontagne F, Han MA, et al. Drug treatments
for covid-19: living systematic review and network meta-analysis. Bmj. 2020;
370:m2980.

Piechotta V, Chai KL, Valk SJ, Doree C, Monsef I, Wood EM, Lamikanra A,
Kimber C, McQuilten Z, So-Osman C, et al. Convalescent plasma or
hyperimmune immunoglobulin for people with COVID-19: a living
systematic review. Cochrane Database Syst Rev. 2020;7(7):Cd013600.
Oxford COVID-19 Evidence Service [https://www.cebm.net/covid-19/global-
covid-19-case-fatality-rates/].

Worldometers Coronavirus cases [https://www.worldometers.info/corona
virus/coronavirus-cases/].

Gobat N, Amuasi J, Yazdanpanah Y, Sigfid L, Davies H, Byrne J-P, Carson G,
Butler C, Nichol A, Goossens H. Advancing preparedness for clinical research
during infectious disease epidemics. Eur Respiratory Soc. 2019;5(2):00227.
Pallmann P, Bedding AW, Choodari-Oskooei B, Dimairo M, Flight L,
Hampson LV, Holmes J, Mander AP, Sydes MR, Villar SS. Adaptive designs in
clinical trials: why use them, and how to run and report them. BMC Med.
2018;16(1):29.

Bhatt DL, Mehta C. Adaptive designs for clinical trials. N Engl J Med. 2016;
375(1):65-74.

Horby P, Lim WS, Emberson JR, Mafham M, Bell JL, Linsell L, Staplin N,
Brightling C, Ustianowski A, Elmahi E, et al. Dexamethasone in hospitalized
patients with Covid-19 - preliminary report. N Engl J Med. 2020.

Horby P, Mafham M, Linsell L, Bell JL, Staplin N, Emberson JR, Wiselka M,
Ustianowski A, Elmahi E, Prudon B, et al. Effect of Hydroxychloroquine in
hospitalized patients with Covid-19. N Engl J Med. 2020;383(21):2030.
Beigel JH, Tomashek KM, Dodd LE, Mehta AK, Zingman BS, Kalil AC,
Hohmann E, Chu HY, Luetkemeyer A, Kline S, et al. Remdesivir for the
treatment of Covid-19 - final report. N Engl J Med. 2020.

Brueckner M, Titman A, Jaki T, Rojek A, Horby P. Performance of different
clinical trial designs to evaluate treatments during an epidemic. PLoS One.
2018;139.

Unverzagt S, Prondzinsky R, Peinemann F. Single-center trials tend to
provide larger treatment effects than multicenter trials: a systematic review.
J Clin Epidemiol. 2013,;66(11):1271-80.

Bellomo R, Warrillow SJ, Reade MC. Why we should be wary of single-center
trials. Crit Care Med. 2009;37(12):3114-9.

Ospina-Tascon GA, Buchele GL, Vincent J-L. Multicenter, randomized,
controlled trials evaluating mortality in intensive care: doomed to fail? Crit
Care Med. 2008;36(4):1311-22.

Aronson JK. Biomarkers and surrogate endpoints. Br J Clin Pharmacol. 2005;
59(5):491-4.

Core outcome set developers’ response to COVID-19 (7th July 2020)
[https://www.comet-initiative.org/Studies/Details/1538].

Sterne JA, Gavaghan D, Egger M. Publication and related bias in meta-
analysis: power of statistical tests and prevalence in the literature. J Clin
Epidemiol. 2000;53(11):1119-29.

Wang Y, Zhang D, Du G, Du R, Zhao J, Jin Y, Fu S, Gao L, Cheng Z, Lu Q.
Remdesivir in adults with severe COVID-19: a randomised, double-blind,
placebo-controlled, multicentre trial. Lancet. 2020;395(10236):1569.
Woodhead M: 80% of China’s clinical trial data are fraudulent, investigation
finds. In.: British medical journal publishing Group; 2016.

Call to pool research resources into large multi-centre, multi-arm clinical
trials to generate sound evidence on COVID-19 treatments [https://www.
ema.europa.eu/en/news/call-pool-research-resources-large-multi-centre-
multi-arm-clinical-trials-generate-sound-evidence].

30.

31

32.

Page 10 of 10

Collins R, Bowman L, Landray M, Peto R. The magic of randomization versus
the myth of real-world evidence. Mass Medical Soc. 2020;382(7):674.
Frieden TR. Evidence for health decision making—beyond randomized,
controlled trials. N Engl J Med. 2017,377(5):465-75.

Dean NE, Gsell PS, Brookmeyer R, Crawford FW, Donnelly CA, Ellenberg SS,
Fleming TR, Halloran ME, Horby P, Jaki T, et al. Creating a framework for
conducting randomized clinical trials during disease outbreaks. N Engl J
Med. 2020;382(14):1366-9.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://www.who.int/emergencies/diseases/novel-coronavirus-2019/global-research-on-novel-coronavirus-2019-ncov
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/global-research-on-novel-coronavirus-2019-ncov
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/global-research-on-novel-coronavirus-2019-ncov
https://www.cebm.net/covid-19/global-covid-19-case-fatality-rates/
https://www.cebm.net/covid-19/global-covid-19-case-fatality-rates/
https://www.worldometers.info/coronavirus/coronavirus-cases/
https://www.worldometers.info/coronavirus/coronavirus-cases/
https://www.comet-initiative.org/Studies/Details/1538
https://www.ema.europa.eu/en/news/call-pool-research-resources-large-multi-centre-multi-arm-clinical-trials-generate-sound-evidence
https://www.ema.europa.eu/en/news/call-pool-research-resources-large-multi-centre-multi-arm-clinical-trials-generate-sound-evidence
https://www.ema.europa.eu/en/news/call-pool-research-resources-large-multi-centre-multi-arm-clinical-trials-generate-sound-evidence

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Registry search and trial selection
	Data extraction
	Analysis
	Sample size estimates

	Results
	Quality of reporting
	COVID-19 treatment trials interventions
	Pharmacotherapy trials for COVID-19 treatment
	Sample size estimates
	Availability of results and recruitment status in September 2020

	Discussion
	Conclusions
	Abbreviations
	Supplementary Information
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

