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Abstract

Objectives Due to the rapid spread of COVID-19 worldwide, many countries have designed clinical trials to find effi-
cient treatments. We aimed to critically report the characteristics of all the registered and published randomized clinical
trials (RCTs) conducted on COVID-19, and summarize the evaluation of potential therapies developed in various regions.

Evidence acquisition We comprehensively searched PubMed, Cochrane Library, Web of Science, Scopus, and Clinicaltrial.
gov databases to retrieve all the relevant studies up to July 19, 2021, in conformity with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) flowchart. We included all English-language published/registered RCTs
on COVID-19, and excluded non-RCT, in-vitro/in-vivo, editorials, and review studies. Two reviewers independently evalu-
ated all the records, and then analyzed by using SPSS 17.

Results Within 3018 included studies, 2801 (92.8%) and 217 (7.2%) were registered or published RCTs consisting of about
600 synthetic drugs. Herbal medicines have been studied in 23 trials (10.6%) among the published RCTs and in 357 registered
RCTs (12.7%). Hydroxychloroquine 23 (10.6%) and convalescent plasma 194 (6.9%) alone or in combination with other
agents were the most frequently used interventions in published and registered RCTs, respectively. Most published RCTs
have been conducted in Western Pacific Region (WPRO) (50 trials, 23.0%) including 45 trials from China. Also, a greater
proportion of registered RCTs have been conducted in the Region of the Americas (PAHO) (885 trials, 31.6%) including 596
RCTs from the United States (U.S). Globally, 283 registered trials have been conducted to assess new developed vaccines
for COVID or previously established for other disorders.

Conclusion The present study highlighted the wide range of potential therapeutic agents in published and registered COVID-
19 clinical trials across a wide range of regions. However, it is urgently required to global coordination in order to conduct
more well-designed trials and progress in discovering safe and effective treatments.
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Objectives

On March 11, 2020, COVID-19 or the severe acute res-
piratory syndrome Coronavirus 2 (SARS-CoV-2) disease
outbreak was verified as a global pandemic by the World
Health Organization (WHO) [1]. The high infectivity and
transmissibility of SARS-CoV-2 resulted in a high mortality
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and morbidity rate [2]. As of August 30, 2021, more than
214 million proven cases of COVID-19, including about 4.5
million deaths, were identified and reported by WHO [3]. A
bibliometric analysis indicates that COVID-19-related stud-
ies have become the major topic of scientific centers around
the world. No doubt, the pandemic has triggered a global
request for relevant research to investigate novel therapeutic
options [4, 5].

There were two other epidemics from the Coronaviridae
family, including SARS-CoV and the Middle East Respira-
tory Syndrome Coronavirus (MERS-CoV). In response to
the current emergency, physicians draw on their previous
experiences. To the best of our knowledge, there are few
effective therapies for COVID-19 [6, 7]; as a result, a large
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number of clinical trials are currently underway to evaluate
the efficacy of hundreds of drugs.

Several studies have described the registered COVID-
19-related randomized clinical trials (RCTs), most of which
are in reference to the "Clinicaltrials.gov" database. After
meticulously reviewing the relevant literature, we did not
come across any study analyzing both published and reg-
istered RCTs [8—10]. Thus, in this systematic review, we
aimed to critically assess the characteristics of all the reg-
istered and published RCTs that have been conducted on
COVID-19, summarize the evaluation of potential therapies
developed in various regions, and discriminate the ongoing
and completed RCTs. The results of this study may lead to
a better review of the current scientific practices in the field
and also help investigators avoid trial duplication and find
the gaps in the scientific efforts.

Evidence acquisition
Data sources and Search

Public records of clinical trials are stored in a standardized
format in the registries that would help researchers share
their protocols. While providing accessible and reliable
data, trial registry databases have the potential to reduce
publication bias and promote the transparency and validity
of studies [11]. By utilizing registry platforms and other
databases, we present the prospects of therapeutic clinical
trials on COVID-19 from January 1, 2020 to July 19, 2021.

To retrieve all the registered and published relevant
RCTs, we searched PubMed, Cochrane Library, Web of
Science, Scopus databases, Cochrane Central Register of
Controlled Trials (CENTRAL), and Clinicaltrial.gov reg-
istry by using the following search terms: “COVID-197,
(“therapeutics”, “herbal medicine”), “Randomized Con-
trolled Trials”, their medical subject heading (MeSH), and
equivalents (Table S1).

Data collection

We extracted all the relevant studies up to July 19, 2021,
in conformity with the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) flowchart
(Fig. 1). After data extraction and removal of duplicates, we
screened the titles and abstracts of all the remaining papers/
registry entries in reference to the inclusion and exclusion
criteria. The inclusion criteria were:

(1) Randomized controlled trials have been conducted/
registrated to treat COVID-19 by herbal, biological, or
conventional treatments

(2) Studies accessible in English
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(3) Studies published/registered from January 1, 2020 up
to July 19, 2021

The exclusion criteria were observational, experimental,
editorial, review, or systematic review studies have been
conducted on COVID-19.

These steps were performed by two independent research-
ers. Any discrepancy was resolved by a third researcher. The
bibliographic details of the included studies were exported
to an Excel file. Then, two reviewers retrieved the follow-
ing main outcomes: types of treatment, target enrollment,
trial phase, recruitment status, recruitment country, and
recruitment region. Meanwhile, we grouped the countries
into various regions based on the WHO regional classifi-
cation: Region of the Americas (PAHO), African Region
(AFRO), European Region (EURQO), South-East Asia
Region (SEARO), Western Pacific Region (WPRO), and
Eastern Mediterranean Region (EMRO) [1]. For published
studies, if the phase of the trials could not be extracted from
the articles, we referred to the registry databases of clinical
trials. In the final step of data collection, target interventions
were classified into two major groups: herbal and synthetic
agents. The synthetic drugs were categorized based on their
therapeutic use, and then the most frequent medicines from
each group were reported.

Data analysis

We classified the entries into an Excel file. For categorical
variables, descriptive statistics including frequency and per-
centages are reported. For continuous variables, the median
and interquartile are also reported. Then, we used SPSS 17
to report the frequencies, percentages, median, and inter-
quartile of the variables for published and registered clinical
trials, separately.

Results

From January 1, 2020 to July 19, 2021, a total of 10,686
records were retrieved. After removing the duplicates and
irrelevant entries, we entered 3018 records into this study,
including 2801 (92.8%) registered and 217 (7.2%) pub-
lished RCTs. Overall, about 600 pharmaceutical medicines
and more than 50 herbal agents were the targeted interven-
tions of the studies. Details are shown in Table 1. Antivirals
were the most common drug class under investigation in
two regions (WPRO and EMRO). Immunomodulators were
the most notable one in two regions (PAHO and EURO).
Convalescent plasma was the most common evaluated treat-
ment in the SEAR region. Considerably, the second common
intervention class in the three regions (EURO, WPRO, and
PAHO) was COVID-19 vaccines. Additionally, antivirals
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PRISMA 2009 Flow Diagram

Fig.1 PRISMA flow diagram
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Characteristics of the included clinical trials

Overall, 217 published RCTs were included in the present
study. The details of the evaluated agents for each region
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Table 1 More common drugs’ categories based on registered/published RCTs conducted in each region

Regions of trials

More common drugs’ categories based on registered/published RCTs

Ist 2nd 3rd 4th 5th
African Region Antiparasite Antiviral Antimalaria Covid-19 vaccine Convalescent
plasma
Count 12 10 9 7 4
% Within region ~ 24% 20.0% 18.0% 14.0% 8.0%
Region of Americas Immunomodulator Covid-19 vaccine  Convalescent Antiviral Immunoglobulin
plasma
Count 94 85 84 70 59
% Within location 10.1% 9.1% 9.0% 7.5% 6.3%
South East Asia Region Convalescent Antiviral Antiparasitic Mineral Covid-19 vaccine
plasma
Count 20 18 17 15 15
% Within location 6.9% 6.2% 5.9% 5.2% 5.2%
European Region Immunomodulator Covid-19 vaccine  Antiviral Antimalaria Convalescent
plasma
Count 100 77 72 58 50
% Within location 13.8% 10.6% 10.0% 8.0% 6.9%
Eastern Mediterranean Region Antiviral Minerals Immunomodulators Antiparasite Antimalaria
Count 69 51 42 42 36
% Within location 12.1% 8.9% 7.3% 7.3% 6.3%
Western Pacific Region Antiviral Covid-19 vaccine ~ Immunomodulator ~Antimalaria Stem cell
Count 81 75 47 28 23
% Within location 19.1% 17.7% 11.1% 6.6% 5.4%
Collaboration Between Regions Antiviral Immune modulator Covid-19 vaccine  Immunoglobulin  Antineoplasm
Count 23 17 9 7 7
% Within location 29.9% 22.1% 11.7% 9.1% 9.1%

are separately presented in Table 2. The 217 published
trials have conducted in WPRO (50, 23.0%), EURO (50,
23.0%), PAHO (45, 20.7%), EMRO (47, 21.7%), SEARO
(15, 6.9%) and AFRO (one article, 0.5%). Intraregional
cooperation has been made in nine (4.1%) studies. A
majority of the published RCTs have been conducted in
China (45 studies), Iran (33 studies), the United States
(U.S) (22 studies), and Brazil (17 studies).

Chloroquine (CQ) or hydroxychloroquine (HCQ)
(n=28), convalescent plasma (n=15), and lopinavir-rito-
navir (LPV/r) (n=14) were the most common examined
medicines in the studies. Also, multiple combinations have
been examined such as antiviral combinations (LPV/r plus
umifenovir or sofosbuvir-daclatasvir plus ribavirin), and
the combination of interferons (IFNs) and different antivi-
rals such as remdesivir, ribavirin, umifenovir, and LPV/r.

Twenty-three studies (10.6%) investigated the efficacy
of herbal medicines, four Indian traditional medicine, 12
Chinese herbal medicines, and seven studies from Iran,
Italy, Brazil and Philippines. The exact names of herbal
agents are mentioned in Table 2.
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Other significant features of the trials including the sam-
ple size, phase, and geographical distributions of the studies
are presented in Table 3. The sample sizes in published stud-
ies ranged from 8 to 503,875, with a median of 111 people
per trial (interquartile range (IQR), 55-240). A major part
of the studies (116 trials, 53.5%) incorporated more than
100 participants. Altogether, about 628,000 entrants joined
the trials as intervention or control groups. As shown in
Table 3, 19 published studies (8.8%) have been reported as
phase 0 trials consisting of seven RCTs on herbal medicine
and 12 trials on synthetic drugs. Furthermore, a small per-
centage of the trials (15 trials, 6.9%) have been carried out
as the phase 1 or 1/2 RCT. Overall, 34.6% (75 trials) of the
published RCTs have been conducted on phase 0+ phasel
or 1/2+phase 2.

Registered trials
We included 2801 registered RCTs from 7025 records

in the registry platforms. The registered clinical trials
were scheduled in various designs; 2638 with a single
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Table 2 Target interventions of published COVID-19 RCTs for each region

African Region

ChAdOx1 nCoV-19 vaccine

Region of Americas
HCQ (*6)
convalescent plasma (*5)
bamlanivimab (*3)
ACE-Inh or ARB (*3)
remdesivir (*3)
tocilizumab (*3)
HCQFHCQ+ azithromycin (*2)
azithromycin
canakinumab
dexamethasone
methylprednisolone
fluvoxamine
NAC
pentoxifylline
proxalutamide

South East Asia Region

convalescent plasma (*2)
CQ
remdesivir
favipiravir
ivermectin
tocilizumab
itolizumab
vitamin D5
stem cell therapy
European Region
HCQ (*4)
tocilizumab (*3)
remdesivir (*2)
favipiravir (*2)
hydrocortisone (*2)
convalescent plasma (*2)
ivermectin (*2)
azithromycin
chlorpromazine
budesonide
immunoglobulin
camostat mesilate
auxora
dexamethasone
LPV/r
ramipril
umifenovir
anakinra

ivermectin

stem cell therapy
enoxaparin

rivaroxaban

sulodexide

ravulizumab

vitamin Dy
HCQIlivermectin

vitamin C + zinc
HCQILPV/HCQ+LPV/r
HCQlazithromycin
dutasteridelazithromycinlnitazoxanide
Herbal agents:

brazilian green propolis

azithromycinlLPV/rl[LPV/r 4+ azithromycinlLPV/r + doxycycline
Herbal agents:

ayurvedic agents

siddha drugs

chyawanprash

curcumine + piperine

colchicine

vitamin D,

SNGO001

valsartan

NAC

vilobelimab

HCQ + azithromycin

tenofovir + emtricitabine
azithromycinllincomycin
darunavir-ritonavirlLPV/r
colchicinelruxolitiniblsecukinumab
methylprednisolone + tacrolimus
remdesvirl LPV/rlIFNIHCQIAZD7442
BCG vaccines

BNT162b2 vaccine (*2)

ChAdOx1 nCoV-19 vaccine (*3)
Herbal agents:

quercetin (*2)

intervention group and 163 with multi-armed groups.
Furthermore, a greater part of studies (2444 trials) has
been conducted with synthetic agents containing pharma-
ceutical agents, stem cell therapies, convalescent plasma,
and vaccines. The categories of synthetic agents and
some common sub-groups of each type are presented in
Table 4. COVID-19 vaccines were the most common stud-
ied intervention (258, 9.2%) have been evaluated in regis-
tered RCTs. Convalescent plasma (194 trials), HCQ or CQ
(185), stem cell therapy (103), ivermectin (92), favipiravir

(71), azithromycin (68), tocilizumab (67), LPV/r (62), and
IFNs (49) are the other frequent synthetic agents have been
evaluated in registered clinical trials (Table 4). Besides,
170 combinations of drug categories are under investiga-
tion in registered trials (Table 5), including 50 (29.4%)
studies on antimalarials plus antibiotics, and 23 (13.5%)
studies on antivirals plus antimalarials. The combinations
of HCQ with azithromycin (37 trials), and LPV/r (11 tri-
als) are more common than other combinations in regis-
tered studies. Additionally, IFNs have been examined in
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Table 2 (continued)

African Region

ChAdOx1 nCoV-19 vaccine

Eastern Mediterranean Region

sofosbuvir + daclatasvir (*4)
ivermectin (*4)
convalescent plasma (*3)
favipiravir (*2)
HCQ (*2)
IFN (*2)
umifenovir (*2)
immunoglobulin (*2)
methylprednisolone
azithromycin
bromhexine
febuxostat
dexamethasone
diphenhydramine
multivitamin
mometasone
NAC
L-cysteine
levamisole

Western Pacific Region

COVID-19 vaccine (*5)
HCQ or CQ (*3)

IEN (*3)

convalescent plasma (*3)
LPV/r (*2)

rhG-CSF (*2)
favipiravir (*2)
azvudine

bromhexine
leflunomide

remdesivir

ruxolitinib

triazavirin

stem cell therapy
telmisartan

zinc

LPV/ICQ (*2)

IEN + TFF2

Collaboration between regions

remdesivir (*3)
HCQ or CQ (*¥2)

remdesivirlLPV/r + IFNIIFNIHCQILPV/r

omega-3

vitamin C

vitamin D5

melatonin

sofosbuvir +ledipasvir

sofosbuvir 4+ daclatasvir + ribavirin
vitamin C+NAC

HCQ+LPV/rl IFN p-1AIIFN p-1B
IFN B-1A+LPV/r

sofosbuvir + daclatasvir + ribavirin
vitamin C+NAC
losartanlamilodipine
methylprednisoloneldexamethasone
methylprednisolonelmethylprednisolone + tocilizumab
enoxaparinlheparinlatorvastatin
Herbal agents:

zinger + echinacea

hyoscyamus niger

darunavirlcobicistat

ribavirin+LPV/r +IFN

ribavirin + IFN+LPV/r

baloxavir marboxillfavipiravir
favipiravirltocilizumablfavipiravir + tocilizumab
Herbal agents:

xuebijing (*2)

shenhuang granule (*2)

xuanfei baidu

keguan-1

lianhuaqingwen

coconut oil

huoxiangzhengqi + lianhuagingwenllianhuagingwen
shuanghuanglian oil

Xiyanping

honeysuckle + gardenia + abrotani

traditional chinese herbal formula

bromhexine
convalescent plasma
hydrocortisone

(*N): Number of repeated items

"

¥: different arms of RCTs are separated by

Abbreviations: HCQ hydroxychloroquine, ACE-Inh angiotensin-converting enzyme (ACE) inhibitors, ARB angiotensin receptor blockers, NAC
N-acetyl cysteine, LPV/r lopinavir-ritonavir, BCG bacille Calmette-Guerin, CQ chloroquine, /FN interferon, rhG-CSF the recombinant human

granulocyte colony-stimulating factor, TFF2 trefoil peptide

combination with other medicines (12 trials). Overall, 283
studies focused on vaccination; 258 trials have explored
COVID-19 vaccine, and others have evaluated previously
established vaccines for other disorders such as BCG
(Bacillus Calmette-Guérin), modified BCG vaccine (9 tri-
als), or MMR (Measles, Mumps, and Rubella) vaccine (3
trials). A greater part of the studies on COVID-19 vaccines
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has assessed vaccines based on messenger ribonucleic acid
(mRNA) (71 trials) or viral vector vaccines (64 trials).
Herbal medicines have been studied in 357 registered
RCTs (12.7%). The research studies on herbal medicine
are centralized in India (114, 31.9%), China (61, 17.1%),
and Iran (106, 29.7%), constituting 78.7% of the registered
studies on herbal medicines. Curcumin (14 trials), Nigella
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Table 3 General characteristics of published/registered RCTs
Phase Registered RCTs Published RCTs
Herbal agents  Synthetic agents Herbal and Overall Herbal agents  Syn- Overall
synthetic thetic
agents agents
0 24 30 0 54(%1.9) 7 12 19(8.8%)
lor's 19 429 1 449(%16.0) 0 15 15(%6.9)
2 68 753 1 822(%29.3) 2 39 41(%18.9)
2/3 47 237 0 284(%10.1) 2 31 33(%15.2)
3 80 589 0 669(%23.9) 2 53 55(%25.3)
4 25 175 0 200(%7.1) 1 13 14(%6.5)
Not applicable 85 201 1 287(%10.2) 6 14 20(%9.2)
Missing 6 30 0 36(%1.3) 3 17 20(%9.2)
Sample size
<50 58 654 1 713(25.5%) 5 43 48(%22.1)
51-100 160 571 1 732(26.1%) 7 46 53(%24.4)
> 100 136 1219 1 1356(48.4%) 11 105 116(%53.5)
Region
African Region 10 39 0 50(1.8%) 0 1 1(%0.5)
Region of Americas 25 860 1 885(31.6%) 1 44 45(%20.7)
South East Asia Region 121 152 0 273(9.7%) 4 11 15(%6.9)
European Region 14 658 0 67224.0%) 2 48 50(%23.0)
Eastern Mediterranean Region 117 362 1 480(17.1%) 3 44 47(%21.7)
Western Pacific Region 66 306 1 373(13.3%) 13 37 50(%23.0)
Collaboration Between Regions 1 67 0 68(2.4%) 0 9 9(%4.1)
Sum 354 2444 3 2801(100%) 23 194 217(100%)

Sativa (12 trials), licorice extract (14 trials), ginger (11 tri-
als), AYUSH-64 (9 trials), and artemisinin (8 trials) are the
most popular herbal medicines in registered RCTs.

Ninety-five countries have participated in the planning
of 2690 (96.0%) registered clinical trials individually and
111 (4.0%) trials in collaboration with other countries. Out
of 111 international RCTs, 66 (59.5%) studies were inter-
regional. Other studies included 24 (21.6%) investigations in
collaboration with other countries in the EURO, 17 (15.3%)
studies across the PAHO, and four (3.6%) studies in the
AFRO. Approximately one-third of all the studies (885 tri-
als; 31.6%) have scheduled to begin in the PAHO and one-
fourth in the EURO (672 trials; 24.0%). Among 357 herbal
RCTs, a majority of trials have been planned in the SEARO
(121 studies), EMRO (117 studies), and WPRO (67 stud-
ies). The geographical distribution of studies is presented in
Table 3. The U.S conducted more than one-fifth (596 trials;
21.3%) of registered RCTs with the highest number of trials
with immunomodulators (62 trials, 10.4%).

The sample sizes in registered studies ranged from four
to 500,000. The scheduled RCTs involved a median of 100
enrollments per trial (interquartile range (IQR), 50-294).
Considerably, 1445 trials (51.6%) were designed with the
involvement of 100 or fewer participants. Nearly 2.6 million

individuals participated in the trials. Moreover, 1325 trials
(47.3%) were designed on early phases (phase 0, 1, 2), and
there were 54 (1.9%) registered trials on phase 0. Besides,
200 (7.1%) clinical trials were scheduled in the post-market-
ing research phase (phase 4). No information was obtained
from the phases of 36 studies. Details are shown in Table 3.
Overall, 584 (20.8%) trials had not yet begun enrollment
until the beginning date of current systematic review, and
about half of all the registered trials (1397 trials; 49.9%)
were recruiting participants. There were 496 (17.7%) trials
that completed participant enrollment, but we did not iden-
tify any published results. Out of 93 (3.4%) terminated/with-
drawn trials, 34 trials included the investigation of HCQ.
The details of the studies are listed in Table 6.

Discussion

In this study, we included 2801 (92.8%) registered and 217
(7.2%) published RCTs. HCQ/CQ, convalescent plasma and
LPV/r were the most common trailed medicines in pub-
lished studies. Moreover, COVID-19 vaccines, convalescent
plasma, HCQ, stem cell therapy, ivermectin, favipiravir, and
azithromycin were the commonly targeted interventions in
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Table 4 Categories of drugs in registered RCTs

Table 4 (continued)

Drugs’ category Number Drugs’ category Number
Antimalarials 198 e favipiravir 71
« HCQ or CQ 185 SLPVE o
e artesunate 5 ° remdeslV} ! . 39
o artemisinin 4 ) sof(.)sbuv1.r+daclatasv1r 24
¢ mefloquine 2 ° u.rtl)nff?n.o Vi ;8
Antibiotics / Antifungals 100 . ot ;
o azithromycin 68 e molnupiravir 6
e doxycycline 15 e sofosbuvir + ledipasvir 6
e co-trimoxazole 4 e ASC09 5
e itraconazole 3 e azvudine 4
o clarithromycin 3 Other Antiparasitics 140
Glucocorticoids 108 : :

e ivermectin 92
o dexamethasone 34 e nitazoxanide 24
o methylprednisolone 31 e niclosamide 19
° b}lcieson}(cile }8 Immunomodulators 287
o ciclesonide -
« prednisolone 7 e tocilizumab 67
e prednisone 6 ° IFNkS. 32

e anakinra
Immunoglobulins and monoclonal antibodies 143 o bari clitinib 14
¢ IVIG 24 e sarilumab 11
e bamlanivimab 13 e cyclosporine 10
e clazakizumab 6 o leflunomide 8
e casirivimab +imdevimab 6 o interleukin-7 6
e bevacizumab 4 e sirolimus 6
e mavrilimumab 3 e adalimumab 6
Antihypertensive agents 72 Antineoplastic agents 112
. losarta.m 18 o ruxolitinib 19
e ACE-inh 9 e acalabrutinib 7
Mucolytics 36 e imatinib 6
o NAC 18 ° tofagitinib 5
e dornase alfa 13 ° ¥en21'1u.mab 4
e bromhexine hydrochloride 10 ® ibrutinib 4
Anticoagulants /Antiplatelets 128 Antihyperglycemic agents 21
e heparin 29 * pioglitazone 4
e enoxaparin 26 o linagliptin 3
o aspirin 15 e metformin 5
e nafamostat mesylate 10 Antifibrinolytics 42
e rivaroxaban 10 e camostat mesylate 29
o dipyridamole 3 e ulinastat 4
Hormones 33 e tranexamic acid 3
e melatonin 14 Mineral/Vitamins 172
o thymosin 7 e vitamin C 48
e estradiol 3 e vitamin D; 45
o liothyronine 2 e zinc 27
e oxytocin 1 e vitamin A 9
Other synthetic drugs 318 Other biologic interventions 229
* colchicine 38 e convalescent plasma 194
e atorvastatin 14 Vaccines 283
e surfactant 8 .
o famotidine 7 e COVID-19 vaccine 258
o pirfenidone 7 - mRNA vaccine 71
o isotretinoin 6 - vector. vaccines 64
o deferoxamine 4 - subunit vaccine 59
« aviptadil 3 - g;c:vateq vaclc’j‘lne 39

. - vaccine

Ster? .cell therapies 103 - virus-like particle 6
Antivirals 315 - live attenuated vaccine 5
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Table 4 (continued)

Drugs’ category Number
e BCG vaccine 6
e mycobacterium vaccine 5
e measles vaccine 3
® polio vaccine 2

“Studies may evaluate more than one intervention drug from differ-
ent categories; accordingly, the sum of categories/drugs number may
exceed more than 100%

Abbreviations: HCQ Hydroxychloroquine, CQ chloroquine, LPV/r
lopinavir-ritonavir, IFN interferon, IVIG intravenous immuno-
globulin, ACE-inh angiotensin converting enzyme inhibitors, NAC
N-acetyl-cysteine, mRNA messenger ribonucleic acid, DNA deoxyri-
bonucleic acid, BCG bacillus Calmette—Guérin

registered RCTs. The combinations of HCQ and azithromy-
cin or LPV/r were more frequent than other combinations
in the registered studies.

Findings of this study show the characteristics of global
scientific activities during the outbreak. A previous study
on COVID-19-related registered trials of Clinicaltrial.gov
revealed that 92 drugs or plasma were being investigated
until March 26, 2020 [8], while we report about 600 syn-
thetic drugs up to July 19, 2021, which indicates progress in
evaluating various medications during the COVID-19 pan-
demic. In Mehta et al.’s study, antivirals, antimalarials, and
immunomodulators were commonly trialed, respectively [8].
However, in our study, the proportion of immunomodulatory
drugs and convalescent plasma was significantly increased,
showing a different result.

Synthetic drugs

Different drugs have been investigated in RCTs, mostly by
repurposing available therapeutics from various categories
such as antiviral, antimalarial, immunomodulator, antico-
agulant, antibiotic, anti-parasite, and minerals. According
to the guidelines from national and international organi-
zations several medications have been more discussed for
COVID-19 treatment. For instance, plasma therapy, LPV/r,
tocilizumab, remdesivir, sofosbuvir-daclatasvir, corticoster-
oids, IFNs, ivermectin, and anti-thrombotics are frequently
discussed in guidelines [12].

Plasma or immunoglobulins obtained from donors who
recovered from the disease may include high levels of
polyclonal antibodies. These pathogen-specific antibodies
can neutralize virus particles and cause passive immunity
in recipients [13]. Fifteen articles assessed the safety and
efficacy of convalescent plasma for SARS-CoV-2 infection.
Furthermore, about 194 RCTs have been registered to assess
the beneficial effects of convalescent plasma. Overall, mul-
tiple RCTs have reported no meaningful efficacy of conva-
lescent plasma transfusion on the 28-day mortality rate of

infected patients with COVID-19 [14-18]. Based on Food
and Drug Administration (FDA) authorization on February
4, 2021, high-titer COVID-19 convalescent plasma only
meet the criteria for emergency use authorization (EUA) in
the management of hospitalized patients in the early stages
of the disease, as well as hospitalized patients with humoral
immune deficiencies [19].

LPV/r and darunavir-cobicistat are anti-human immuno-
deficiency virus (HIV) drugs, which have been employed to
treat COVID-19. Their main antiviral mechanism is inhibit-
ing viral proteases. Ritonavir inhibits the cytochrome P450
metabolism of lopinavir and increases the plasma concentra-
tion of lopinavir. LPV/r exhibited in vitro antiviral activity
against SARS-CoV-2 proteases including 3-chymotrypsin-
like serine protease and papain-like protease [20]. RCTs
conducted on these antivirals failed to show any significant
clinical benefit against COVID-19 [21].

Remdesivir is another antiviral that developed during the
Ebola virus outbreak. Remdesivir inhibits RNA-dependent
RNA polymerase (RdRP) enzyme. RNA viruses encode
RdRP or RNA replicase that is involved in the replication
of the virus genome. Hence RARP has no homolog in the
host cell. This feature allows development of antivirals while
decreasing the potential risk of injury to the human host
cells. A broad range of RARP inhibitors has been investi-
gated as potential therapeutics against SARS-CoV-2 [22].
Remdesivir was the first drug found to be effective against
SARS-CoV-2. Two large RCTs showed different efficacy of
remdesivir. The RCT has been conducted by The Adaptive
COVID-19 Treatment Trial (ACTT) showed shortened dura-
tion of disease course and mortality reduction in patients
who needed supplemental oxygen [23]. Conversely, another
large international, multi-arm, RCT named "Solidarity" [24]
and other RCTs [25, 26] has not reported an overall reduc-
tion in mortality of COVID-19 hospitalized patients who
received remdesivir. Overall, Solidarity has not reported
mortality benefit, shortened time to discharge or ventilation
requirement reduction following the administration of rem-
desivir. Nevertheless, ACTT and Solidarity employed dif-
ferent main outcomes. The ACTT was powered for clinical
improvement, while the primary endpoint for Solidarity was
the reduction of mortality rate. On May 1, 2020, FDA issued
an EUA for remdesivir among hospitalized patients older
than 12 years old with severe COVID-19 that furthermore
expanded to EUA for adults and pediatrics weighing >3.5 kg
[27].

Sofosbuvir is a uridine analog that inhibits the NS5B
protein of hepatitis C virus (HCV). NS5B plays a key role
in virus replication [22]. Sofosbuvir in combination with
daclatasvir or ledipasvir has been investigated in multiple
RCTs with sample sizes ranging from 48 to 82 participants.
The available evidence from RCTs showed that sofosbuvir-
daclatasvir or sofosbuvir-ledipasvir, in comparison with the
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Table 5 Drug combinations in
registered RCTs
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Drug Combinations in registered/published RCTs

Number
of trials
N

Antimalaria + Antibiotic with/without following combinations

HCQ + azithromycin

HCQ + azithromycin + doxycycline
artesunate-atovaquone + azithromycin
artesunate-amodiaquine + azithromycin

HCQ + azithromycin + zinc

HCQ + azithromycin + zinc + vitamin C + vitamin D5
HCQ + azithromycin+ LPV/r

HCQ + azithromycin + tocilizumab

HCQ + azithromycin + oseltamivir

mefloquine + azithromycin + tocilizumab

Antiviral combinations

ASCO09 + ritonavir

ASCO09 + ritonavir + oseltamivir
LPV/r+favipiravir

LPV/r+ oseltamivir
LPV/r+ribavirin

sofosbuvir + ledipsavir
oseltamivir + ritonavir

oseltamivir + darunavir + ritonavir
favipiravir + maraviroc

Antimalaria+ Antiviral

HCQ+LPV/r

HCQ + favipiravir

HCQ + sofosbuvir + daclatasvir

HCQ + remdesivir

HCQ +ribavirin

CQ + darunavir-ritonavir + favipiravir
oseltamivir+CQ

oseltamivir+ HCQ

tenofovir+ LPV/r+CQ

Antiviral + Immunomodulator with/without following combinations

IFN + remdesivir

IFN +LPV/r

IFN + LPV/r +ribavirin

IEN + ribavirin

IFN + danoprevir + ritonavir
IEN + umifenovir

IFN + ASCO09 + ritonavir
tocilizumab + favipiravir
IFN+HCQ+LPV/r

tocilizumab + remdesivir

Antiparasitic with/without following combinations

ivermectin + doxycycline
ivermectin+HCQ
ivermectin + losartan
ivermectin + nitazoxide
nitazoxanide + ribavirin

nitazoxanide + ribavirin +ivermectin
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Table 5 (continued)

Drug Combinations in registered/published RCTs

Number
of trials
N

nitazoxanide + favipiravir
nitazoxanide + HCQ

levamisole +inosine pranobex
levamisole + formoterol + budesonide
niclosamide + camostat mesylate
nitazoxanide + HCQ + ribavirin
Immunomodulator with/without following combinations
tacrolimus + methylprednisolone

tocilizumab + pembrolizumab
tocilizumab + ruxolitinib

IFN + dexamethasone + IVIG
IFN+HCQ

IEN + bromhexine + umifenovir

IFN-kappa + TFF2
ruxolitinib + anakinra

Other combinations

— s e e e e e 00 = m D) e

IS
3

Abbreviations: HCQ hydroxychloroquine, CQ chloroquine, /FN interferon, LPV/r lopinavir-ritonavir, IVIG
intravenous immunoglobulin, TTF2 trefoil factor 2

Table 6 Recruiting status of

. Region Drug type
COVID-19 registered RCTs
Herbal agents Synthetic agents Herbal and syn- Overall
thetic agents
Not yet recruiting 92 491 1 584(20.8%)
Enrolling by invitation 4 33 0 37(1.3%)
Recruiting 98 1296 3 1397(49.9%)
Active, not recruiting 170 0 173(6.2%)
Suspended 19 0 22(0.8%)
Terminated 26 0 27(1.0%)
Withdrawn 1 65 0 66(2.4%)
Enrollment completed 152 344 0 496(17.7%)
Sum 354 2444 3 2801(100%)

comparator arm may enhance clinical recovery. However, no
statistically significant reduction in mortality rate has been
reported [28-31]. Further RCTs with larger sample sizes are
required to support the results.

It has been revealed that antimalarial agents may exhibit
various properties including antiviral effects against some
types of RNA viruses, selective anti-inflammatory effects
against some chronic autoimmune diseases, as well as
immunomodulatory effects. Antimalarial agents potentially
could inhibit lysosomal activity and autophagy in host cells
through signaling via cytokines [20]. Among antimalarial
agents, HCQ is the most common examined drug against
SARS-CoV-2. A large-enrollment, open-label, multi-arm
RCT named “Randomized Evaluation of COVID-19 Ther-
apy” (RECOVERY) was conducted in the United Kingdom

to compare potential treatments with the standard of care.
In the RECOVERY trial, 4716 COVID-19 patients were
recruited to investigate the clinical benefit of HCQ in com-
parison with the standard treatment. There was no signifi-
cant difference in 28-day mortality rates between the two
groups. Also, participants in the HCQ group had a longer
hospitalization [32]. The FDA issued that HCQ is unlikely
to be effective in COVID-19 treatment. In addition, it has
some potentially harmful side effects including ventricular
arrhythmias, prolonged QT interval, and Torsade-de-Pointes
[33, 34]. On June 15, 2020, the FDA revoked the EUA
for HCQ and CQ in the treatment of certain hospitalized
COVID-19 patients [35].

According to the role of tumor necrosis factor-alpha
(TNF-a), IFN-v, interleukin (IL)-1p, IL-2, IL-6, IL-10,
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and other pro-inflammatory cytokines in the pathogenesis
of COVID-19 pneumonia and lung damage, the modula-
tion of immune response plays an essential role in limit-
ing the morbidity and mortality of COVID-19 [36, 37]. In
severe stages of the disease, the inflammatory response of
the lungs increases that may lead to greater gas exchange
between alveolar air and blood of capillaries, causing res-
piratory distress [38]. Consequently, several drugs with
immunomodulatory and anti-inflammatory mechanisms
are being studied for COVID-19 treatment.

Corticosteroids have anti-inflammatory properties
via binding to intracellular receptors and blocking pro-
inflammatory genes' promoters [39]. The anti-inflamma-
tory effect of the corticosteroids in COVID-19 patients
has been assessed in several trials [40, 41]. A reduction
of mortality rate has been observed in the RECOVERY
trial after 10-day treatment with low-dose dexamethasone
[41]. Meta-analysis of seven trials has shown a significant
reduction in mortality rate (odds ratio (OR), 0.66; 95%
CI, 0.53 to 0.82) in critically ill COVID-19 patients who
received corticosteroids in comparison with patients who
received placebo or usual care [42]. Accordingly, WHO
strongly recommended corticosteroid administration in
critically ill COVID-19 patients [43].

High levels of pro-inflammatory cytokines, which cause
cytokine storm, have been discovered in COVID-19 patients.
Elevated levels of IL-6 are considered to be one of the main
causes of the cytokine storm. One methodology to alter
the aggressive stage of the COVID-19 may be the control
of related pro-inflammatory cytokines [44]. Tocilizumab,
sarilumab and siltuximab are monoclonal antibodies that
are known for blocking IL-6 receptors with high affinity.
Monoclonal antibodies are among promising therapies
against SARS-CoV-2 which play an important role in viral
attachment and cell entry [45]. On June 24, 2021, tocili-
zumab received an EUA for hospitalized COVID-19 patients
aged > 2 years old. The tocilizumab is indicated for patients
who are receiving systemic corticosteroids and need supple-
mental oxygen or breathing support [46]. The FDA recom-
mendation was in the line with the results from RECOVERY
[47] and other RCTs [48-50] that assessed the safety of toci-
lizumab for COVID-19 treatment. RECOVERY has reported
a lower mortality rate (29%) for patients who received tocili-
zumab over four weeks compared with standard care (33%)
(RR 0.86, 95% CI 0.77-0.96) [47]. In contrast to the result
of RECOVERY, multiple RCTs have reported no signifi-
cant difference in the 28-day mortality rate between patients
among the tocilizumab group or control group [50-53].

A clinical trial has recommended the use of monoclo-
nal antibodies, which are specifically designed to neutral-
ize the spike protein of SARS-CoV-2, in outpatients with
mild to moderate severity of COVID-19 [54, 55]. Novel
monoclonal antibody therapies (casirivimab, imdevimab,
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and bamlanivimab) received an EUA from the U.S. FDA in
progressive mild to moderate COVID-19 outpatients [56].

IFNs exhibit immunomodulatory and antiviral properties.
IFNs are a group of cytokine signaling molecules that are
induced in response to the detection of viral RNA. When
proteins’ sensors located in endosomes (toll-like recep-
tors) detect a viral RNA, IFNs attach to receptors of the
cell membrane, causing phosphorylation of a diverse array
of transcription factors and inhibition of viral replication
[57, 58]. WHO Solidarity trial could not approve the clinical
benefit of IFN-B1 in hospitalized COVID-19 patients [24]. In
contrast, multiple RCTs have reported different results [49,
59-61]. For instance, nebulized IFN-1f in a phase two RCT
has increased the recovery rate in the hospitalized COVID-
19 patients [61]. Moreover, another RCT has observed a sig-
nificant reduction of mortality rate (OR, 13.5; 95% CI, 1.5
to 118) after treatment with IFN [60]. Nevertheless, several
RCTs are still ongoing to investigate the advantages of IFNs
and confirm the results.

Ivermectin is an antiparasitic agent that demonstrated its
antiviral activity against RNA viruses such as West Nile,
dengue virus, influenza, and HIV-1. It has been supposed
that ivermectin may inhibit SARS-CoV-2 replication by
inhibition of the importin o/ receptor. Importin o/f delivers
virus integrate proteins into the nucleus of the host cell [62].
Multiple RCTs have studied ivermectin use in COVID-19
patients. Some RCTs could not found any clinical efficacy
of ivermectin [63—65], while others have reported faster
time to recovery of COVID-19 disease [66—70], a remark-
able decrease of cytokines and inflammatory markers [67,
68], faster viral clearance [71], or decrease in mortality rate
[67, 68] in participants who received ivermectin in com-
parison with the standard treatment protocol. Nevertheless,
the majority of these RCTs had methodological issues like
small sample sizes, various ivermectin dosages, and different
concomitant drugs given to the patients.

Several investigations have demonstrated coagulopathy
associated with COVID-19 disease [72]. Early coagulopathy
of COVID-19 is characterized by a substantial increase in
D-dimer levels and fibrinogen-degradation products. Viral
infection triggers innate immune responses like systemic
inflammatory responses. When the defense system of the
host activates, thrombin produces and coagulation activates
as essential communication components between cellular
and humeral amplification networks. This is defined as
immunothrombosis or thromboinflammation. Anticoagu-
lant agents like low molecular weight heparin (enoxaparin)
are indicated for prevention or treatment of disseminated
intravascular coagulopathy, thromboembolism or sepsis-
induced coagulopathy [73]. In a retrospective study of 4389
hospitalized patients, prophylactic and therapeutic antico-
agulant therapy was associated with reduced mortality rate
and mechanical ventilation. Among patients who received
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therapeutic anticoagulation, an estimated 47% reduction
of in-hospital mortality has been observed [74]. Given the
result of an RCT, the use of therapeutic-dose anticoagulant
increased bleeding and did not enhance the clinical outcome
in comparison with prophylactic-dose anticoagulants [75].

Herbal agents

Since the beginning of the pandemic, herbal medicines and
natural products have been repurposed for the management
of COVID-19 [76]. As a result, multiple RCTs have been
conducted on this topic in different countries. Curcumin,
Nigella Sativa, and licorice extract were the more com-
mon drugs investigated in RCTs. Results from a systematic
review of seven clinical trials on herbal medicines dem-
onstrated the potential role of combined herbal medicines
with Western medicine on symptom relief [77]. Licorice is
a plant that has been used to control COVID-19 with anti-
inflammatory properties. Glycyrrhizin, a frequent compo-
nent of licorice, provides anti-inflammatory activity through
antagonism of toll-like receptor 4. Besides, both glycyrrhi-
zin and glycyrrhetinic acid can reduce virus transmission,
which may happen by a reduction in expression of type 2
transmembrane serine protease (TMPRSS2). TMPRSS2
play a critical role in virus uptake [78, 79]. Licorice also
exhibits immunomodulatory, anti-oxidant, and antibacterial
activity. Components of the plant can bind to viral fusion
proteins inhibiting viral entry to the host cells, they also can
decrease expression of ACE2 [80]. A molecular docking
study showed that nigellidine and a-hederin from Nigella
Sativa have better energy scores toward 6LU7 and 2GTB,
which are the main proteases found in CoVs, active sites
rather than HCQ, CQ, and favipiravir [81].

The beneficial effects of herbal medicines are shown in
several clinical trials. Anti-inflammatory and anti-throm-
botic activities of curcumin besides its antiviral, antibac-
terial and antifungal properties of the compound can pre-
vent secondary infections as well as reduce morbidity and
mortality [82]. Administration of quercetin to outpatients
significantly has reduced the need or the length of hospitali-
zation, non-invasive oxygen therapy, progression to inten-
sive care units, decrease virus clearance, and deaths without
peculiar side effects [83, 84]. Recovery and improvement
rate in patients suffering from COVID-19 has increased
by prescription of Chinese herbal formulation adjuvant to
usual treatment [85]. Administration of Huoxiang Zhengqi
dropping pills and Lianhua Qingwen granules (traditional
Chinese medicine, TCM) to COVID-19 patients showed no
significant difference in the severity of the disease, while
they caused a significant decrease in antibiotic utilization
in patients [86]. Reduning injection, another formulation of
TCM, resulted in a shorter median time to resolution of the
clinical symptoms, hospital stay, defervescence as well as

a shorter time of nucleic acid test turning negative in the
COVID-19 patients [87]. Intravenous injection of xuebijing
contains some plants with main components of amino acid,
phenolic acid, flavonoid glycoside, and elysine. Xuebijing
can also downregulate the expression of pro-inflammatory
cytokines IL-6, IL-8 and TNF-a in severe COVID-19
patients and improves main clinical symptoms [88]. Echi-
nacea tablet with Zingiber officinalis in the outpatient of
COVID-19 improved cough, dyspnea, and muscle pain com-
pared to HCQ, with no specific side effects [89]. Essential
oil of thyme improved symptoms of patients such as fever,
cough, dyspnea, dizziness, muscular pain, anorexia, weak-
ness, lethargy, and fatigue. Significant increases in lympho-
cyte count and calcium, as well as a decrease in neutrophil
count and blood urea nitrogen (BUN), were also reported in
patients suffering from COVID-19 [90].

Although several studies have evaluated the beneficial
effects of herbal preparations against COVID-19, these stud-
ies suffer from some drawbacks in study design like limited
sample size, lack of clear primary and secondary outcomes,
administration of some herbal drugs without providing any
criteria regarding the quality and active components of them.
Mostly, they have reported improvement of clinical signs
or symptoms without considering the mechanism involved.

Vaccines

Currently, there is an increasing number of RCTs on
COVID-19 vaccine candidates. These vaccines are based
on three major strategies of vaccine design. Key differ-
ences include if they employ the entire microorganism (the
whole microbe approach); just portions of the microbe that
stimulate the immune system (the subunit approach), or only
the genetic materials that contains information for producing
particular proteins rather than the entire virus (the genetic
approach).

There are three subtitles of vaccines, which are prepared
with the whole microbe approach, including inactivated,
Live-attenuated, and viral vector. Each type has some chal-
lenges in the injection. Inactivated vaccines typically fail to
produce the cellular adaptive immune response and long-
lasting immunity. Accordingly, they require additional
booster doses and adjuvants, to induce sufficient immune
response [91, 92]. Thirty-nine inactivate vaccines candidate
have been initiated clinical trials, which eight vaccine candi-
dates have been approved at least in one country:

e QazVac by Kazakhstan RIBSP/ approved in Kazakhstan

e Covaxin by Bharat Biotech/ or BBV152 approved in nine
countries

e COVIran Barekat inactivated Vaccine by Shifa Pharmed
Industrial Co approved in Iran
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e [nactivated (Vero Cells by Sinopharm (Wuhan))
approved in China

e SARS-CoV-2 Vaccine (Vero Cells) by Minhai Biotech-
nology Co approved in China

e CoronaVac by Sinovac approved in 39 countries

e BBIBP-CorV (Vero Cells) by Sinopharm (Beijing)
approved in 60 countries

e KoviVac by Chumakov Center approved in Russian
Federation

The main challenge with live-attenuated vaccines is
that they may regain wild-type virulence in some cases.
Another challenge with these vaccines is that they cannot
be administered to immunosuppressed people [92, 93].
The COVI-VAC by Codagenix Inc is the only live-attenu-
ated vaccine candidate and now it is on phase one of the
clinical trial (NCT04619628). Viral vector vaccines are
mainly designed from a carrier virus-like adenovirus, pox-
virus, or measles. Their main benefit is that the immuno-
gen provokes the innate immune system. Subsequently, the
innate immune system triggers adaptive T cell-mediated
and humoral immune systems. Viral vectors like adeno-
virus type 5 (Ad5) vector, recombinant adenovirus type
5 (rAd5) vector, recombinant adenovirus type 26 (rAd26)
vector, and chimpanzee adenovirus (ChAd) containing the
spike gene of SARS-CoV-2, are among promising vaccine
platforms. The following vaccines are approved viral vec-
tor vaccines:

e Ad5-nCoV by CanSino approved in eight countries

e Oxford/AstraZeneca by Serum Institute of India Cov-
ishield approved in 45 countries

e Ad26.COV2.S by Janssen (Johnson & Johnson) approved
in 59 countries

e Sputnik Light by Gamaleya approved in 12 countries

e AZDI222 by Oxford/AstraZeneca in 121 countries

e Sputnik V by Gamaleya approved in 71 countries

Another approach, subunit vaccines originate from an
immunogenic fraction, rather than the complete patho-
gen, and then induce potent immune responses [94]. This
approach contains two types including protein subunit and
virus-like particles. Protein subunit vaccine can be safely
offered to immunocompromised patients, but it usually
requires booster doses. Current clinical trials for protein
subunit vaccines utilize different immunogens. Protein
subunit vaccines usually employ spike protein or its recep-
tor-binding domain (117). There are four approved protein
subunit vaccines:

e CIGB-66 by the Center for Genetic Engineering and Bio-

technology (CIGB) approved in Cuba
o Medigen/MVC-COV1901 approved in Taiwan
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e RBD-Dimer by Anhui Zhifei Longcom approved in
Uzbekistan and China

e EpiVacCorona by FBRI approved in Russian Federation
and Turkmenistan

Deoxyribonucleic acid (DNA) and mRNA vaccines are
two types of vaccines prepared by the genetic approach.
DNA vaccines deliver DNA plasmids generated in bacte-
ria, to the host cells by a special delivery platform. Cur-
rently, thirteen RCTs examine DNA vaccine candidates
against SARS-CoV-2. The ZyCoV-D vaccine by Zydus
Cadila is the only DNA vaccine that is approved in India.
(CTRI/2021/01/030416).

mRNA vaccines require to enter the cytoplasm or endo-
plasmic reticulum. Since mRNA is an unstable polymer, for
long-term storage of mRNA vaccines, temperatures rang-
ing from — 70 °C to — 20 °C is required. Novel modifications
to vaccine designs such as the addition of stabilizing com-
pounds or particular mutations, enable the preservation of
mRNA vaccines at temperatures ranging from 2 to 8 °C for
up to about six months [94]. There are three approved vac-
cine candidates against COVID-19:

e BNTI162b2 by Pfizer/BioNTech approved in 97 countries

o TAK-919 by Takeda (Moderna formulation) approved in
Japan

o mRNA-1273 by Moderna approved in 69 countries

Some important aspects of immunization remain to be
more explained. As larger populations, including those with
compromised immunity, will be vaccinated, the durability of
the protection made by the various vaccine approaches, and
more details of induced immune responses will be revealed.

While poorly controlled studies and case series run a
higher risk of bias, RCTs are the gold standard of research
designs and may provide reliable evidence (129). RCTs,
such as those included in our study, played a critical role
in the recommendation for/recommendation against specific
drugs (124, 130-132). Our study may help better recognize
the completed and ongoing RCTs to avoid duplication and
therapeutic failures.

As previously shown, 25.5% of trials involve <50 par-
ticipants, which is a considerable percentage. On 18 March
2020, the director of WHO announced that “Multiple small
trials with different methodologies may not give us the clear,
strong evidence we need about which treatments help to save
lives” and encouraged researchers through the countries to
collaborate and join Solidarity, the largest international trial
[95]. Moreover, regional collaborations are valuable; along-
side, several international RCTs are being formed under the
control of coordinating bodies; still, it is important to ensure
that the process of the trials is well-targeted in low-income
countries, and interventions must be affordable and available
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for patients and researchers [96]. Besides, there have been
many parallel clinical trials designed to investigate similar
hypotheses and drugs. Some trials are terminated due to the
unavailability of the sample size. An international platform
for investigators to collaborate in studies may be a good idea
for preventing the waste of time and costs [97].

Our study had several strengths and limitations. The
main strength was its sample size. This study systematically
included trials that focused on COVID-19, conducted on
potential vaccines, herbal agents, and synthetic agents and
described the geographical distribution of RCTs. Therefore,
its results may give insight into future research. As a limita-
tion, in some cases, the status of completed clinical trials
was outdated. One limitation of our study is the discrepancy
and delay in the registry’s recruitment status. Meanwhile,
there might be some completed clinical trials that we did not
report as “completed” trials. Moreover, drugs can be classi-
fied into different categories, and there are some overlaps in
the categories (for example, some medications can be clas-
sified into more than one category of immunomodulators,
antineoplastics, and immunoglobulins).

Conclusions

Our study highlighted the wide range of therapeutic agents
that have been used in COVID-19 clinical trials, including
vaccine candidates, herbal medicines, biological interven-
tions, and pharmaceutical drugs from various groups, pre-
dominantly antivirals and immunomodulators. On account
of the increasing number of RCTs in the current pandemic,
it is valuable to be informed of other studies being conducted
simultaneously to save time and avoid duplication. Based on
the mentioned defects, we recommend that scientists share
more details of trial registries such as the exact generic
names of drugs and ingredients of plant extracts, and be
more responsible for updating the trials’ status. Also, the
WHO encouraged different territories to collaborate in order
to facilitate global decision-making. Successful international
cooperation such as “RECOVERY” and “Solidarity” provide
considerable information about various therapeutic choices.
The findings of our study will inform global health deci-
sions. In some cases, conflicting findings have been reported
about the efficacy of treatments. This may be due to various
methodologies, sample sizes, dosage, and comparator arms
that have been applied. Nevertheless, some drugs like corti-
costeroid, remdesivir, tocilizumab, and monoclonal antibod-
ies demonstrated remarkable results.
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