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Abstract

Background and Purpose: The Covid-19 is a viral infection classified as a pandemic by the World
Health Organization. There is not currently therapy against the Sars-cov-2. We aimed to assess the
best drug therapy approach for the management of Covid-19.

Experimental Approach: We did a systematic review and meta-analysis of randomized controlled
trials of drugs used in patients with Covid-19. We performed research in the PubMed and the
MedRxiv. The trials were included if the patients were over 12 years old, diagnosed through the rt-
PCR test and who assessed as primary outcomes or decreased mortality, or time to clinical
improvement, or hospitalization time. Random-effects meta-analysis was used to pool individual
studies. Heterogeneity was assessed using 12. The review has been registered on PROSPERO, number
179879.

Key Results: Nine trials were included for analysis. Remdesivir, mainly early after the onset of
symptoms, led to a reduction in mortality (OR, 0-85; 95% ClI, 0-05 to 0-98; P=0-045). Although this
meta-analysis did not observe a reduction using dexamethasone, the Recovery Trial indicates that it
can be an option for a patient that needs oxygen support. Our study did not demonstrate the efficacy
of any treatment to minimize the effects of Covid-19 related to large hospital stay or time to clinical
improvement.

Conclusion and Implications: Remdesivir is the only drug that can change the course of Covid-19,
reducing mortality rates. Despite this result, other studies must evaluate the effectiveness of this and
other drugs in the management of Covid-19 mainly studies with robust methods.
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Introduction

The first cases identified in December 2019 in China to Covid-19 (Coronavirus Disease) is a viral
pneumonia, potentially fatal, classified as a pandemic by the World Health Organization (WHO), on
March 11, 2020, due to its global spread and large number of deaths.'2

The origin and etiologic agent were identified by performing a nasopharyngeal swab by the Chinese
Center for Disease Control and Prevention (CCDC), on January 7, 2020.2 Severe Acute Respiratory
Syndrome Coronavirus 2 (Sars-Cov-2), is a single-stranded RNA virus, which promotes severe acute
respiratory syndrome, whose main receptor is the angiotensin-converting enzyme 2 (ACE2) and
easily transmitted through respiratory droplets.® The clinical spectrum of Covid-19 can vary from
a mild presentation to a critical illness, causing respiratory failure, sepsis and organ dysfunction,
especially in the elderly and people with previous comorbidities.”®

Since the identification of the first cases in the Chinese province, it is estimated that the number of
infected people worldwide exceeds 52,041,515 and the number of deaths is more than 1,282,000,
according to a count calculated on Nov 11 by John Hopkins University.°



Despite recent advances, there is no definitive pharmacological treatment protocol for Covid-19. For
this reason, this study aims to determine what is the best drug therapy approach for the management
of Covid-19.

Methods
Search strategy and selection criteria

We did a systematic review and meta-analysis according to the Preferred Reporting Items for
Systematic Reviews and Meta-analyses (PRISMA) recommendations.’® The study has been registered
in the International prospective register of systematic reviews (PROSPERQO) under identification
number (ID) 179879. Searches were made from May 1, 2020 to June 30, 2020 among articles
published from December 1, 2019 to June 30, 2020 in the PubMed database, we opted for a review
of pre-prints published on the MedRxiv platform to increase the sample of articles.

The research was carried out using Boolean operators and controlled by the MeSH terms, using words
such as “therapeutic”, “drugs”, “pharmacotherapy”, and other words representative of drugs or class
of drugs taken as a promise by the scientific community, all of them combined with the word “covid-
19”. The filters applied were in relation to the type of study: "Clinical trial", "meta-analysis", and
"randomized controlled trial”, and publication date: "in the last 12 months". At MedRxiv, the only

search strategy employed was “randomized clinical trial Covid-19”.

The inclusion criteria defined were (1) Studies with the design of randomized clinical trials (2) that
have evaluated the effectiveness of a pharmacological drug with a therapeutic purpose for Covid-19
(3) published between December 2019 and 30 June 2020 (4) with a study population made up of
patients over 12 years of age, diagnosed with the disease caused by the new coronavirus through the
rt-PCR molecular test for detection of Sars-Cov-2 (5) that have been published in English, Spanish,
French or Portuguese, and (6) who assessed as primary outcomes or decreased mortality, or time for
clinical improvement or hospitalization time.

Outcomes

The endpoints selected were decreased of mortality, defined as a decrease in the mortality rate among
patients in the intervention group and the control group, days of clinical improvement, defined as the
days necessary to an improvement on the ordinal scale for clinical improvement indicated by WHO,
and days of hospitalization, that is the number of days of hospitalization.

Selection of works and data extraction

Two authors (MGDF and WMC) independently researched PubMed and MedRxiv using the defined
strategies; evaluated the titles and abstracts, applying the inclusion criteria, any divergence between
the authors was later verified by the third researcher (RBS). Both authors (MGDF and WMC) also
analyzed the reference of articles classified as potentially eligible for inclusion to see if there were
articles that met the inclusion criteria. The data were extracted using a form created in the google
forms platform and reviewed by two authors (MGDF and WMC) and any discrepancies were reported
to the third author (RBS) and discussed by all researchers. The form used to data extraction included
the first author and year of publication, place, setting, and design of the study, characteristics of the
participants, description of the interventions, and the results of the studies. The general details of the
included studies are described in the results. For mortality, we extracted number of patients who had
the outcome and denominator, and for continuous outcomes, days to clinical improvement and days
of hospitalization, we extracted sample size, and mean or median. To classify the disease we used the



six-point ordinal scale based in the ordinal scale for clinical improvement according to WHO, in the
ordinal scale by WHO there were eight categories, however our selected works mostly used an
adapted version with six categories, hence we also used the six point ordinal scale.** The patients
were classified in 1= ambulatory patients without oxygen therapy, 2= hospitalized, no oxygen
therapy, 3= hospitalized with oxygen therapy, but without high flow oxygen or non-invasive
ventilation, 4= hospitalized with high flow oxygen therapy or non-invasive ventilation, 5=
Hospitalized with invasive ventilation, intubation and mechanical ventilation, or ventilation with
additional organ support, and 6= death. They also were classified by mild disease (categories 1-3)
and severe disease (categories 4-6). To configure clinical improvement, the studies used a cutoff point
of two points on the WHO scales or hospital discharge, whichever came first.

Risk of bias

Two authors (MGDF and WMC) independently assessed the risk of bias using the Cochrane
collaboration risk of bias tool, which takes account of randomization process, deviations from
intended interventions, missing outcome data, measurement of the outcome and selection of the
reported result.’? Each potential source of bias was graded as “yes”, “probable yes”, “no”, “probable
no”, or “no information” allowing to determine whether studies were considered at high, low, or
moderate risk of bias. Disagreement regarding quality assessments was resolved by a third author
(RBS).

Data analysis

12 measure was used to gauge the degree of heterogeneity. All outcomes were continuous. Summary-
level meta-regression was performed using the random-effects model after computation of the SD of
Freeman-Tukey double arcsine transformed proportions.

The 12 statistic was calculated to asses study heterogeneity, where 1% < 30%, 30% - 50%, 50%-75%,
and > 75% were considered to indicate low, moderate, substantial, and considerable heterogeneity,
respectively. All statistical analyses were performed using R software version 3.4.3 (R Foundation
for Statistical Computing, 2018), with the package metaSEM with the method-RMA (random-effects
model). P-values less than 0.05 were considered statistically significant. Random-effects meta-
regression would be the most flexible of the integrative analytical techniques, because it allows
simultaneously to estimate a random effect for differences between groups and allows to parameterize
the expected value of the parameter of interest as a function of group-level variables.

Results

Our initial research strategies have captured 74 published articles of which 30 were potentially
eligible and it was selected for full text review. In addition, 1775 other works were analyzed by title
and abstract (1772 pre-prints and three articles taken from the references of selected works in
PubMed), of these 1775 works, 11 were considered potentially eligible (eight pre-prints and three
articles referenced by selected works in PubMed). Of the 41 papers selected for text review nine
clinical trials met the inclusion criteria (n= 8605; Figure 1).

Most studies with patients hospitalized with Covid-19 showed a predominance of males, with mean
ages between 50-70 years. Most patients had comorbidities in the seven studies that presented this
data. Six trials presented the clinical evaluation according to the category ordinal scale of WHO (six
studies), the moderate disease was predominant, which means that the patients were at baseline
hospitalized, but without oxygen therapy, or they were with low flow supplemental oxygen. The
follow-up of most studies lasted up to 28 days or until patients were discharged. Only two used a



placebo, most of them opted to make comparisons with a group that obtained standard hospital care.
The absence of a control group with use of a placebo affected the quality of our selected studies,
four of them were classified as high risk of bias in the risk of bias analysis. In addition to the lack of
a placebo, other sources of bias included deviations from the interventions intended by the
protocols, and, due to the global emergency of Covid-19, there was an extensive use of emergency
medication protocols and this led to data analysis inappropriately, for example three trials did not
perform the analysis by intention to treat (Table 1) (Figure 2).

The meta-analysis showed a decrease of mortality when the patients were treated with remdesivir
(Odds ratio [OR], 0-85; 95% Confidence interval [CI], 0-05 to 0-98; P=0-045) with a high degree
heterogeneity (1>=77%) (Figure 3).

For the outcome of hospitalization time, our results show that the more there is a comorbidity, the
longer it takes to recover (OR, 1-41; 95% ClI, 1-11 to 2-20; P=0-032) and that males tend to have a
delay in recovering (OR, 1-85; 95% CI, 1-43 to 2-10; P=0-013) with a high degree heterogeneity
(1>=75%) (Figure 4).

Our studies illustrate that the variable time to clinical recovery did not obtain significant results,
probably due to the small n sample as seen in Figure 5.

Discussion and Conclusions

Our meta-analysis demonstrated that remdesivir was the only drug able to decrease mortality among
patients hospitalized with Covid-19. The remdesivir, a prodrug of the parental adenosine analogue,
was initially developed to treat Ebola, and was the first drug approved in the USA and Europe for the
Covid-19.1316 With wide antiviral activity, it has already shown effectiveness against pneumovirus,
paramoxyvirus, filovirus and coronavirus.’ In vitro, the drug also proved effective in inhibiting the
replication of Severe acute respiratory syndrome CoV (SARS-CoV) and Middle East respiratory
syndrome CoV (MERS-CoV) in epithelial cells of the human respiratory tract.® As a preliminary
result of a French study, Pizzorno et al. (2020) demonstrated success in inhibiting replication of
(SARS-CoV-2) in human epithelial cells, and a study conducted with Rhesus monkeys infected with
the new coranavirus, showed that the use of remdesivir reduced lung infiltrate on radiographs and
viral titers in bronchoalveolar lavages.?®%

Among the studies carried out in humans affected by Covid-19, a cohort on 3 continents with patients
treated with remdesivir (200mg on days 1 and 100mg on days 2 to 10 - intravenous) showed positive
results in relation to clinical improvement and mortality.?X However, Wang et al. showed no
statistically significant difference between the group of patients randomized and treated with
remdesivir versus placebo.®®

The preliminary results of another randomized study that was in progress when this review was in the
statistical analysis phase, but which was completed in October 2020, conducted by Beigel et al (2020).
demonstrated superiority of remdesivir (200mg on days 1 and 100mg on days 2 to 10 - intravenous)
over placebo in the outcome of time to clinical improvement.?? Both Kaplan-Meier's 14-day mortality
and the hospitalization time was lower in the remdesivir group compared to the placebo group.?
Despite this, our meta-regression did not show statistical effect of remdesivir for this outcome. The
positive results of the study by Beigel et al. were more accentuated in the group of patients classified
as three in the six-point ordinal scale, probably due to the larger sample size of this group of patients,
generating shorter confidence intervals to these data.??



Despite not being mentioned as a differential due to our meta-regression, dexamethasone is a drug
that stands as an important promise in the treatment of patients affected by covid-19, especially those
who need oxygen support. The possibility of using corticotherapy in patients affected by Covid-19
was discouraged by the scientific community at the beginning of the pandemic based on the results
of using these drugs in previous epidemics caused by other coronaviruses such as MERS-CoV and
SARS-CoV.2 However, The RECOVERY Collaborative Group, from the University of Oxford
demonstrated that the use of dexamethasone reduces mortality in patients who need complementary
oxygen support. The “Recovery Trial” randomized the participants at a ratio of 2: 1 to the control
group with Standard Treatment or intervention group with oral or intravenous dexamethasone at a
dose of 6mg once daily for 10 days.?

When assessing the outcome of days of hospitalization, our meta-regression showed an increase in
days related to males and the presence of comorbidities. In a study by Takahashi et al. (2020) with
patients confirmed positive for SARS-CoV-2, higher levels of pro-inflammatory cytokines and
chemokines such as IL-8, IL-18 and CCL5 in men have been described, related to the increase of
non-classical monocytes.? In contrast, a greater T-cell response was found among women, which
may explain a greater vulnerability of males to the disease.?

Since the beginning of the Covid-19 pandemic, the higher prevalence of comorbidities has been
observed in worse prognosis and fatal cases, like hypertension and diabetes.? In hypertension, a
dysfunction of the renin-aldosterone-angiotensin system (RAAS) occurs and patients often take
angiotensin-converting-enzyme inhibitors (ACEis) in their treatment.?”-? Although the ACE2 is the
gateway to Sars-Cov-2 in cells and humans, there is no evidence that this medication reduces the
expression of ACE2 in human tissues.?®2° Hypertension is also associated with impairment of the
immune system, which can deregulate cytokines and reduce the body's ability to fight viral
infection.?-%

In diabetes, the immune system is compromised, which can increase the expression of pro-
inflammatory cytokines, which would contribute to the cytokine storm observed in severe cases of
Covid-19.% It has been reported that diabetes can cause downregulation of ACE2 expression, which
could be beneficial, but ACE2 has shown anti-inflammatory activity, and can be protective in
pneumonia of infectious etiologies.®** The low expression of ACE2 in diabetic patients can make it
difficult to control the infection.

This meta-analysis showed no significant difference in any of the parameters evaluated about the time
to clinical improvement. Cao et al. (2020) described the results of using Lopinavir-Ritonavir versus
Standard Treatment.* This trial points out that patients assigned to lopinavir-ritonavir did not have a
time to clinical improvement different from that of patients assigned to standard care alone in the
intention-to-treat population.® Hung et al. (2020) randomized patients to an intervention group using
Lopinavir-Ritonavir, Ribavirin and Interferon beta -1b and in a control group, just using Lopinavir-
Ritonavir and the intervention group showed superior performance to the control group in clinical
improvement outcomes and length of hospital stay.

The high heterogeneity between the studies was an important limitation for our review, given the
global emergence of Covid-19, several study protocols were instituted, and this impacted the
statistical analysis. A careful analysis of the risk of bias and Random-effects model were the tools
used to minimize this important limitation.



In summary, our study did not demonstrate the efficacy of any treatment to minimize the effects of
covid-19 related to large hospital stay or time to clinical improvement among patients hospitalized.
For mortality, remdesivir can decrease mortality, according to our analysis, this result suggests that
the use to remdesivir, mainly early after admission, protect the patients. It is necessary to evaluate
these evidences in others clinical trials.
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Table 1: Characteristics of included studies



Intervention Number of  Age, years Comorbidity, lliness severity*, Primary Secondary Results
participants, (mean or present (%o of (94 of outcome outcomes
intervention median), patients participants in
vs control intervention Intervention vs  the intervention
vs control control) vs control)
Beigel et Remdesivir, 541 (65% 58 (SD 14) vs  Any Mild disease Time to Mortality at The time to recovery was lower
al?2, 2020 intravenously, 200mg, male) vs 521 59 (SD 15) comorbidity (57% vs 51%) recovery’. 14 and 28 day in the intervention group than
loading dose on day 1, (64% male) (82% vs 81%) Severe disease control (10 days vs 15 days,
followed by 100mg daily (42% vs 48%) RR, 1-29; 95% ClI, 1-12-1-49;
for up to 9 additional Missing data p<0-001); The mortality in 28
days (1% vs 1%) days was 6-7% with remdesivir
and 11.9% with placebo (HR,
0-73; 95% CI, 0-52-1-03)
Cao et al*, Lopinavir 400mg e 99 (62% 58 (IQR 50- Diabetes (10% Mild disease Time to clinical ~ 28-day Time to clinical improvement
2020 ritonavir 100mg, orally, male) vs 68) vs vs 13%) (84% vs 84%) improvement mortality, were 16 days to both groups
twice daily, for 14 days. 100 (59% 58 (IQR 48- Cerebrovascular ~ Severe disease duration of (HR, 1-31; 95% CI, 0-95-1-80;
male) 68) disease (5% vs  (16% vs 16%) hospitalization = p=0-09); mortality was
8%) numerically lower in the
Cancer (5% vs intervention group than in the
1%) control (19-2% vs 25%)
Chenetal®, Intervention 1% Intervention  Intervention 1: Any No information Time, in days, Length of The chloroquine group
2020 Chloroquine orally, 1: 18 (39% 45 (SD 13) vs  comorbidity: to clinical hospital stay achieved shorter time to clinical
1000mg on day 1 and male) vs Intervention 2:  Intervention 1: recovery® and 28-day recovery than the control group
500mg for 9 days; Intervention 45 (SD 14) vs  50% vs mortality (Logrank mantel-cox test,
Intervention 2: 200mg, 2:18 (44% Control: 51 Intervention 2: p=0-019)
orally, by 10 days male) vs (SD 15) 50% vs
Control: 12 Control: 58%
(58% male)
Davoudi- 12 million international 42 (52% 56 (SD 14) vs  Any Mild disease Time to clinical  Mortality at On day 14, 66-7% vs 43-6% of
Monfared et units of interferon B-1a, male) vs 59 (SD 14) comorbidity (71% vs 69%) improvement 28-day, length = patients in the IFN group and
al’, 2020 injected subcutaneously 39 (54% (76% vs 79%) Severe disease of hospital the control group were
three times weekly for male) (29% vs 31%) stay discharged, respectively (OR,

two consecutive weeks

2-5; 95% ClI, 1-05-6-37). The
28-day overall mortality was



significantly lower in the IFN
than the control group (19% vs
43-6% respectively, p=0-015)

Goldman et Intervention 1: Intervention  Intervention 1: No information ~ Mild disease Differences in Time to There were no statistically
al®, 2020 Intravenous remdesivir 1: 200 (60% 61 (IQR 50- (Intervention 1; the clinical clinical significant differences in
200mg on day 1 and male) vs 69) vs 73% vs status assessed  improvement  outcomes for clinical
100mg, once daily on Intervention  Intervention 2: Intervention 2: on day 14 by improvement time, clinical
day 2-5; Intervention 2: 2:197 (68% 62 (IQR 50- 65%); Severe the six-point status on day 14, or in mortality
Intravenous remdesivir male) 71) disease ordinal scale between the groups that
200mg on day 1 and (Intervention 1: received the intervention
100mg, once daily on 27% vs
day 2-10 Intervention 2:
35%)
Intervention Numb_er of Age, years Comorbidity, IlIness severity*, Primary Table continues on next page
participants, (mean or present (% of (% of outcome  _____.._
intervention  median), patients participants in
vs control intervention Intervention vs  the intervention
vs control control) vs control)
Hung et al®, 14 days of combination 86 (52% 51 (IQR 31- Any No information Time to achieve  30-day There was no mortality in this
2020 of Lopinavir 400mg e male) vs 41 61) vs 52 comorbidity a negative mortality and trial. The length of hospital stay
ritonavir 100mg, (56%male)!  (IQR 33-62) (40% vs 60%) RT-PCR result  length of was lower in the intervention
ribavirin 400mg, orally, for SARS-CoV- hospital stay group than in the control (9
every 12h, and three 2ina versus 14 days; HR, 2-7; 95%
doses of 8 million nasopharyngeal Cl, 1-2-6-1)
international units of swab sample
interferon beta-1b on
alternative days
Lou et al®’, Intervention 1™ Intervention  Intervention 1: Any No information Time to clinical ~Mortality at Time to clinical improvement
2020 baloxavir marboxil 1: 10 (70% 53 (SD 12) vs  comorbidity: improvement day 14 was similar between groups
80mg, orallyonday 1,4  male) vs Intervention 2:  Intervention 1: intervention 1, intervention 2
and 7; Intervention 2: Intervention 58 (SD 8) vs 50% vs and control (14, 14 and 15
favipiravir, first dose of 2:9(77% Control: 46 Intervention 2: days, respectively)
1600mg or 2200mg male) vs (SD 14) 44% vs
orally, followed by Control: 10 Control: 40%
600mg, three times a (70% male)

day, the duration of



Recovery
Collaborative
Group?4,
2020

Wang et al'?,
2020

administration was no
more than 14 days

Dexamethasone, orally or
intravenously, 6mg once
daily for up to 10 days

Intravenous remdesivir,
200mg on day 1 followed
by 100mg on days 2-10
in single daily infusions

2104 (64%
male) vs
4321 (64%
male)

158 (56%
male) vs 78
(65% male)

67 (SD 15) vs
66 (SD 15)

66 (IQR 57-
73) vs 64
(IQR 53-70)

Any
comorbidity
(56% vs 56%)

Any
comorbidity
(71% vs 71%)

Mild disease

(85% vs 84%)
Severe disease
(15% vs 16%)

Mild disease

(82% vs 87%)
Severe disease
(18% vs 13%)

28-day
mortality

Time to clinical
improvement

Length of
hospital stay

28-day
mortality,
duration of
hospitalization

The mortality was lower in the
dexamethasone group than the
control group (22-9% and
25-7% respectively; RR, 0-83,
95% Cl, 0-75-0.93; p<0-001).
The difference is more
pronounced in patients who that
need receive oxygen therapy
The time to clinical
improvement were similar
between the intervention and
control group (21 versus 23
days, respectively; HR, 1-23;
95% Cl, 0-87-1-75)

SD=Standard deviation. IQR=Interquartile range. Cl=Confidence interval. “According to six-point ordinal scale by WHO. TTime to recovery were defined as the first day on
which patients satisfied categories 1 or 2 on the six-point ordinal scale by the WHO. *In this trial there were two groups of intervention, the chloroquine group, and the
hydroxychloroquine group. SPatients were considered to have achieved clinical recovery when they had met all of the following criteria for at least 48 hours: 1. axillary body
temperature <36.9°C or oral body temperature <37.2°C; 2. complete relief of all symptoms other than cough; 3. cough graded as mild or absent on a patient-reported scale of
severe, moderate, mild, absent. " This study did not use a control group, they only performed a trial to evaluate the efficacy of remdesivir administrated by 5 or 10 days, in our
review we use these data only to perform comparisons between variable related to baseline characteristics, for example gender, age (years) and the presence of comorbidity. !
The control group in this trial was patients that received just lopinavir, 400mg and ritonavir,100mg every 12h for 14 days.”™ This trial presents two groups of intervention, the
baloxavir marboxil group and the favipiravir group



Figure Legends
Figure 1: Flowchart of study selection
Figure 2: Analysis of the risk of bias

Figure 3: Metaregression of mortality in patients with COVID-19. |2 statistic = 77%. Abbreviatures:
nl: Cases; n2: Controls.

Figure 4: Metaregression of days of hospitalization in patients with COVID-19. I2 statistic = 75%.
Abbreviatures: nl: Cases; n2: Controls.

Figure 5. Metaregression of time (days) to clinical improvement in patients with COVID-19. I2
statistic = 81%. Abbreviatures: nl1: Cases; n2: Controls.



