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Bayesian synthesis
sequential design

remdesivir. A multistate model was developed to model the dynamics of hospitalized COVID-19
patients from three transient states of low, medium-, and high-risk until the two outcomes of
recovery and death. The outcome measures for clinical efficacy comprised high-risk state,
death, and discharge.

Results: The efficacy of remdesivir in reducing the risk of death and enhancing the odds of re-
covery were estimated as 31% (95% Cl, 18—44%) and 10% (95% Cl, 1—18%), respectively. Remde-
sivir therapy for patients with low-risk state showed the efficacy in reducing subsequent
progression to high-risk state and death by 26% (relative rate (RR), 0.74; 95% CI, 0.55—0.93)
and 62% (RR, 0.38; 95% Cl, 0.29—-0.48), respectively. Less but still statistically significant effi-
cacy in mortality reduction was noted for the medium- and high-risk patients. Remdesivir
treated patients had a significantly shorter period of hospitalization (9.9 days) compared with
standard care group (12.9 days).

Conclusion: The clinical efficacy of remdesvir therapy in reducing mortality and accelerating
discharge has been proved by the Bayesian synthesis design and multistate analysis.
Copyright © 2021, Formosan Medical Association. Published by Elsevier Taiwan LLC. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).

Introduction

The clustered cases of coronavirus disease 2019 (COVID-19)
caused by severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) were first reported in Wuhan in December,
2019,"? which has resulted in COVID-19 pandemic from
March, 2020 until April, 2021, which has led to more than
140 million cases and claimed more than 3 million deaths.?

This soaring number of COVID-19 cases, in spite of great
efforts made to put on non-pharmaceutical interventions
(NPIs) in most of countries and regions, has stressed med-
ical care systems and compromised the critical care ca-
pacity around the world.*~” Although several vaccines have
been developed and showed promising effects to prevent
SARS-CoV-2 infection,® ' antiviral therapy has been shown
to play the key role for the hospitalized patients to reduce
the risk of disease progression to its severe form such as
acute respiratory distress syndrome (ARDS) and to shorten
the length of hospital stay.'>~"”

To prove evidence-based efficacy, several randomized
controlled trials (RCTs) have been conducted to investigate
the effects of selected compounds such as chloroquine,
hydroxychloroquine, lopinavir/ritonavir, ivermectin, inter-
feron, steroids, and remdesivir since the identification of
SARS-CoV-2 in 2020."272° While there is a strong recom-
mendation supporting the systematic use of steroids in
patients with severe and critical COVID-19, there are un-
certainties regarding the suggestions for the clinical use of
other therapeutic compounds. Among the candidate com-
pounds for COVID-19, hydroxychloroquine, chloroquine,
and lopinavir/ritonavir have been excluded from the
recommendation lists of the treatment guidelines of the
World Health Organization (WHO) and National Institutes of
Health (NIH) due to the lack of clinical efficacy in reducing
mortality and severe disease requiring invasive ventilation
and in accelerating recovery and discharge from COVID-
19.27739 Currently, ivermectin and antibody therapies are
also not recommended due to insufficient evidence sup-
porting the beneficial effect of their clinical use.'® 731,32
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Remdesivir is another promising compound for treating
COVID-19 patients and have been approved by the US FDA
for such a purpose.>> Remdesivir is a monophosphoramidate
adenosine analogue prodrug which could be metabolized to
active tri-phosphate form to inhibit the synthesis of viral
RNA. 34736 Several clinical trials and observational studies
have been conducted to evaluate the clinical efficacy in
treating COVID-19 patients with various disease sever-
ities.’® 22 However, discrepancies in the efficacy exist for
different studies. The clinical use of this antiviral therapy
thus remains controversial. More importantly, current evi-
dence on its clinical efficacy in reducing mortality for
COVID-19 patients still remains inconclusive even after
several one-arm studies and two-arm RCTs.'® %? Based on
the inconsistent evidence, the current WHO guideline sug-
gests against the administration of remdesivir in addition to
usual care for treating hospitalized COVID-19 patients.'®?
However, remdesivir has been recommended by the NIH
guideline for the hospitalized COVID-19 patients requiring
supplementary oxygen without the necessity for oxygen
delivery through a high-flow device, non-invasive or inva-
sive ventilation, or extracorporeal membrane oxygenation
(ECMO)."

To prove an evidence-based clinical efficacy, the best
way is to conduct a RCT. However, the conduction of an RCT
for assessing a new or a variant of the existing antiviral
therapy can be very challenging in the era of COVID-19
pandemic. Moreover, even a two-arm RCT may be under-
powered and may also have ethical and feasibility con-
cerns.?*377% While waiting for a well-powered RCT trial for
validating the efficacy of any new antiviral therapy, it is
worthwhile to elucidate how antiviral therapy alters the
mechanism of COVID-19 disease progression from mild to
severe stage and until death based on available information
from one-arm study without the control group and also
from the two-arm RCT.

The aim of this study was to estimate the clinical effi-
cacy of remdesivir by using a novel synthesis sequential
design and analysis to integrate the empirical information
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provided by the one-arm compassion study and two-arm
RCT with the consideration of the dynamic of COVID-19.

Materials and methods

Bayesian synthesis sequential design

The antiviral therapy of remdesivir has been proposed as a
candidate and been provided to hospitalized COVID-19 pa-
tients in the early stage of first pandemic period. Although
the early results suggested the possible benefit of remde-
sivir therapy, the lack of comparator makes it difficult to
quantify the clinical efficacy. The use of RCT design in the
latter studies provide the ground of evidence-based eval-
uation for remdesivir. However, the heterogeneity in the
clinical evolution of COVID-19 patients render the results
controversial.

Given these scenario, we thus used the Bayesian syn-
thesis sequential design to integrate the information from
two studies on the use of remdesivir taking into account the
temporal sequence. Specifically, the period of enrollment
for the one-arm compassionate between January 25 and
March 7, 2020 was taken as the prior study before the RCT.
Following the conduction of one-arm compassionate use for
remdesivir, the two-arm ACTT-1 trial was performed with
the enrollment of study participants between February 12
and April 19, 2020.

The information on the clinical evolution of COVID-19
patients with remdesivir was first obtained on the basis
of the empirical data provided by the one-arm compas-
sionate use study.'® The aggregated data listed in the
report of ACTT-1"° was then used as the main study to
update the information derived from the prior study
sequentially. Namely, prior information on the daily pro-
gression of COVID-19 disease states were first estimated
from the data of one-arm study, which was then updated
by using the data derived from the two-arm ACTT-1 trial."”

Empirical data on the evolution of hospitalized
COVID-19 patients

As indicated in the synthesis design, two empirical data
sets, the one-arm compassionate remdesivir use study'®
and the two-arm ACTT-1 trial,’®?° on the evolution of
hospitalized COVID-19 patients across the risk states
defined by the WHO R&D Blueprint Group*' were used for
assessing the clinical efficacy of remdesivir. The ordinal
scale of COVID-19 severity was classified into three tran-
sient states, namely low- (no and low oxygen supplement),
medium- (non-invasive ventilator and high oxygen supple-
ment), and high- (ECMO and invasive ventilator) risk states,
and the two events of discharge and death. Based on the
information provided in the published article, the distri-
bution on the baseline COVID-19 risk states and the tran-
sitions across the risk states during the study period were
collected for the following analysis.

For the one-arm compassionate remdesivir use study,
data on the transitions for COVID-19 patients were
abstracted, which provides the empirical information on
the daily change of the COVID-19 risk states for 53 patients.
This detailed patient-level information recorded on a daily
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basis through the 28-day period gives a clear profile of
disease evolution across the risk states of COVID-19 from
the date of the initiation of remdesivir therapy until
discharge, death, or the end of study.'®

Regarding the two-arm ACTT-1 trial, the original article
provides the baseline distribution of COVID-19 risk states
by the two treatment groups of remdesivir and standard
care and the aggregated information on the transition of
COVID-19 states from each of the baseline risk state during
the 14-day study period.'” The aforementioned data with
the information on transition from baseline risk states to
that observed in the 14-day period were used as the basis
for multistate analysis.*

Statistical analysis

To depict the evolution of COVID-19 through the three
transient risk states (low-, medium-, and high-risk state) to
the two events of discharge and death, we applied a five-
state Markov model (Fig. 1) that have been proposed to
assess the efficacy of antiviral therapy.”” In brief, the
hospitalized COVID-19 patients can progress and regress
between each of the low-, medium-, and high-risk states
(low-risk & medium-risk < high—risk transitions, Fig. 1).
Patients at each of the risk state are possible to recover and
discharge at a higher rate from low-risk state followed by
that of medium- and high-risk state. For patients with un-
favorable outcome, the COVID-19 disease state may prog-
ress to the high-risk state followed by the terminal outcome
of death, which is also captured by a daily event rate. The
kernel consisting of eight transition rates is thus required
for the full specification of the five-state Markov model for
COVID-19 evolution.

The proposed COVID-19 transition model not only models
forward progression but also allows for backward regression
from medium- to low-risk and from high- to medium-risk.
The mechanisms in the benefit of interventions such as
antiviral therapy can thus be captured by both the accel-
eration in the regression between risk states and the
enhancement of the discharge from different risk states.

The continuous-time five-state Markov models were
applied to estimate the daily transition rates of movements
between risk states, discharge, and death regarding the
disease evolution of COVID-19 patients with the remdesivir-
treated group and the standard-care group.*'~** Bayesian
Markov Chain Monte Carlo (MCMC) simulation was used to
estimate these daily transition rates in light of likelihood
functions based on aggregated data on the remdesivir-
treated and the standard care groups abstracted from the
original articles.'® %42

The dynamic curve depicting the evolution of COVID-19
across three risk states and two events of discharge and
death in 28-day period was derived from the transition
probability matrix for the five defined states given the
estimated results on eight daily transitions rates for the
five-state Markov model (Fig. 1). Based on the predicted 28-
day probabilities to the outcomes of discharge and death
for the remdesivir-treated and the standard care groups,
we were able to assess the efficacy of remdesivir therapy in
accelerating discharge and in decreasing subsequent risk
of death for hospitalized COVID-19 patients. We further
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Figure 1

evaluated the clinical efficacy of remdesivir in reducing the
risk of high-risk state and the composite outcome of death
and high-risk state. The effect of remdesivir on the prog-
nosis of hospitalized COVID-19 patients was evaluated by
using relative risk derived by comparing the probability
distributions of patients receiving remdesivir with that of
patients with standard care.

Results

Empirical data on COVID-19 dynamic abstracted
from published article

Table 1 shows the total of 53 patients on repeated data
featuring the change of risk states of COVID-19 after
receiving remdesivir.'® Table 1 also shows the transition of
53 patients across three risk states and the final destination
of discharge during a one-month study period. The data of
Table 1 are used for deriving the rate of COVID-19 evolution
in the light of the five-state disease transition models.

Daily transition rates of COVID-19 evolution

Fig. 2 and Table 2 show the estimated results on the daily
transition rates of progression and regression, discharge,
and death for three risk states by treatment groups of
remdesivir versus standard care based on the five-state
COVID-19 progression model. Both groups show significant
higher discharge rates for the low-risk state compared
with those of medium- and high-risk patients. Fig. 2
shows that the discharge was mainly from the low-risk
state of COVID-19 patients with the orders of 0.1678 (95%
Cl, 0.1456—0.1917, Table 2) and 0.1396 (95% ClI,
0.1178—0.1618, Table 2) for the remdesivir-treated group
and the standard care group, respectively.

Fig. 2 also shows the side-by-side comparisons for the
daily transition rates of progression by treatment groups.
Compared with remdesivir-treated group, the standard
care group shows a higher rate of progression, especially
for the low-risk patients. The daily progression rates from
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Five-state model for the clinical evolution of hospitalized COVID-19 patients.

low- to medium-risk (Fig. 2, the row in green; 0.0747; 95%
Cl, 0.0572—0.0959, Table 2), from medium- to high-risk
state (Fig. 2, the row in yellow; 0.2054; 95% ClI,
0.1537—0.2650, Table 2), and from high-risk state to death
(Fig. 2, the row in pink; 0.0270; 95% Cl, 0.0195—0.0355)
were lower for the remdesivir-treated group compared with
the corresponding figures, 0.1394 (95% Cl, 0.0764—0.2310,
Table 2), 0.2744 (95% Cl, 0.1710—0.4189, Table 2), and
0.0370 (95% Cl, 0.0275—0.0476, Table 2), for the standard
care group.

Considering the dynamics between the progression and
regression for patients at medium risk by using the net
force of regression (regression rate - progression rate,
Fig. 2, the row in orange), remdesivir-treated group shows
a largely positive net regression with certainty. The minus

Table 1 Empirical data on the transitions of COVID-19 in
the study of compassionate remdesivir use.

Transition mode Frequency®

Preceding state Succeeding state

Low” Low 197
Medium 4
Discharge 23

Medium® Low 12
Medium 113
High 5
Discharge 1
Death 1

High® Low 11
Medium 11
High 403
Discharge 1
Death 6

2 The total patient numbers of the low-, medium-, and high-
risk states at baseline were 12, 7, and 34, respectively.

b Low-risk state: no and low oxygen supplement; medium-risk
state: non-invasive ventilator and high-flow oxygen supple-
ment; high-risk state: ECMO and invasive ventilator.
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Figure 2  Estimated results by synthesis the information on compassionate remdesivir use study and ACTT-1 trial.

Table 2

Estimated results on the daily transition rates between risk states by the two treatment groups.

Transitions

Preceding state Succeeding state

Remdesivir

Daily transition rate (95% Cl)

Standard care

Daily transition rate (95% Cl)

Medium
Discharge
Low

High
Discharge
Medium
Discharge
Death

Low

Medium

High

0.0747 (0.0572, 0.0959)
0.1678 (0.1456, 0.1917)
0.2797 (0.1997, 0.3637)
0.2054 (0.1537,0.2650)
0.0036 (0.0005, 0.0088)
0.0955 (0.0660, 0.1306)
0.0008 (0.0002, 0.0015)
0.0270 (0.0195, 0.0355)

0.1394 (0.0764,0.2310)
0.1396 (0.1178, 0.1618)
0.4244 (0.2212,0.7075)
0.2744 (0.1710, 0.4189)
0.0041 (0.0001, 0.0191)
0.1101 (0.0592,0.1824)
0.0008 (0.0003, 0.0013)
0.0370 (0.0275, 0.0476)

net regression rate for COVID-19 patients receiving stan-
dard care exhibited the risk of deterioration in the absence
of antiviral therapy.

Comparisons of the dynamic of COVID-19 risk states
by two groups

The efficacy of remdesivir therapy was further elucidated
by the dynamics of COVID-19 across three risk states and
the outcomes of discharge and death based on the esti-
mated results on daily transition rates with the application
of the two disease transition modes to detailed empirical
data. Fig. 3 (a) shows the daily progression on the dynamic
of COVID-19 for the hospitalized patients with low-risk state
at baseline who received remdesivir and those who
received standard care. In line with the estimated results
listed in Table 2, the discharge rate for COVID-19 patients
were accelerated by remdesivir therapy. The probability of
discharge (green line) was uniformly higher compared with
that of the control group. For the medium- and high-risk
state, the benefit of regression to a lower risk states
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resulting from remdesivir therapy (Fig. 3 (a)) was demon-
strated by the uniformly lower probability for medium-
(orange line) and high-risk (gray line) compared with the
control group (Fig. 3 (b)). The risk of death (red line) after
one-month follow-up period was also lower for COVID-19
patients receiving remdesivir compared with those
receiving standard care.

Similar trends regarding the probabilities of discharge,
death, and high-risk state can be observed in Fig. 3 (c) vs
(d) and Fig. 3 (e) vs (f), showing the dynamic of COVID-19
by two treatments for patients at medium- and high-risk
state at enrollment, respectively.

Efficacy of remdesivir therapy

Based on the estimated results on the daily rates for clinical
evolution of COVID-19 patients by using the Bayesian syn-
thesis sequential design and analysis, we further assessed
the efficacy of remdesivir therapy in reducing the risk of
death and increasing the odds of recovery and discharge.
Table 3 lists the estimated results on the clinical efficacy in
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Figure 3
enrollment.

The dynamic of COVID-19 states for remdesivir-treated

terms of discharge, high-risk states, and death given the 28-
day period of follow-up derived by comparing the 28-day
probability for each of the defined outcome for two
groups (S-Table 1). Regarding the outcome of COVID-19
death, remdesivir therapy can significantly reduce the risk
by 31% (RR, 0.69; 95% Cl, 0.56—0.82). For the outcome of
discharge, remdesivir therapy results in significantly higher
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group (a, ¢, e) and standard care group (b, d, f) by risk-state at

odds by 10% (RR, 1.10; 95% Cl, 1.01—1.18). Given the
observation of the significant efficacy of remdesivir treat-
ment in terms of both death and discharge, we further
elucidated its benefit for COVID-19 patients of three risk
states at baseline.

In all three risk states of COVID-19 patients, the use of
remdesivir gave statistically significant higher odds of
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Table 3 Estimated results on the clinical efficacy for
outcomes of discharge, high-risk state, and death by base-
line risks of COVID-19 patients.

Baseline risk state Outcomes

Relative risk 95% Cl

Low (1) Discharge 1.11 (1.07, 1.14)
(2) High-risk 0.74 (0.55, 0.93)
(3) Death 0.38 (0.29, 0.48)
(2)+(3) 0.52 (0.39, 0.64)
Medium (1) Discharge 1.11 (1.07, 1.16)
(2) High-risk 1.12 (0.96, 1.27)
(3) Death 0.61 (0.56, 0.67)
(2)+@3) 0.76 (0.69, 0.84)
High Discharge 1.25 (1.18, 1.32)
Death 0.65 (0.62, 0.69)
Overall Discharge 1.10 (1.01, 1.18)
Death 0.69 (0.56, 0.82)

discharge and lower risks of death. The efficacy of
remdesivir in accelerating discharge of COVID-19 patients
was most prominent for the high-risk group (RR, 1.25; 95%
Cl, 1.18—1.32, Table 3) followed by the medium-risk group
(RR, 1.11; 95% Cl, 1.07—1.16) and the low-risk group (RR,
1.11; 95% Cl, 1.07—1.14). For low-risk patients at baseline,
remdesivir therapy led to the reduction of subsequent
progression to high-risk state by 26% (RR, 0.74; 95% Cl,
0.55—0.93) and to final death by 62% (RR, 0.38; 95% ClI,
0.29—0.48). For the medium-risk patients, less but still
statistically significant efficacy results were noted in
reducing progression to death by 39% (RR, 0.61; 95% Cl,
0.56—0.67). Patients at high-risk state treated with
remdesivir also led to a 35% reduction in death from COVID-
19 (RR, 0.65; 95% Cl, 0.62—0.69).

The median days to discharge for hospitalized COVID-19
patients at low-, medium-, and high-risk receiving
remdeisvir treatment was estimated as 4.8 days (inter-
quartile range [IQR], 4.7-5.0), 13.2 days (IQR, 12.8—13.6),
and 31.3 days (IQR, 29.7—32.8), respectively. The corre-
sponding results for COVID-19 receiving standard care were
estimated as 6.8 days (IQR, 6.5—6.9), 14.6 days (IQR,
13.0—15.7), and 38.8 days (IQR, 33.0—44.7), respectively.
The remdesivir therapy (9.9 days, IQR, 9.5—10.2) resulted
in significantly reduced time to discharge compared with
COVID-19 patients receiving standard care (12.9 days, IQR,
12.3—13.0).

Discussion

Based on the empirical information abstracted from the
one-arm compassionate use study and the two-arm ACTT-1
trial, we demonstrated the clinical efficacy of remdesivir in
the statistically significant reduction of mortality by 31%
(95% ClI, 18—44%) and acceleration of discharge by 10% (95%
Cl, 1—-18%) taking into consideration of the dynamic of
COVID-19 evolution among hospitalized patients. While the
remdesivir therapy for the low-risk patients at baseline
shows the highest benefit in mortality reduction by 62%
(95% Cl, 52—71%), the therapy shows the highest benefit in
increasing the odds of discharge by 25% (95% ClI, 18—32%)
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when it was administrated to COVID-19 patients at high-risk
state at baseline.

We further explored the mechanism of remdesivir ther-
apy based on the dynamic of hospitalized COVID-19 patients
receiving standard care and those receiving remdesivir. By
using the daily transitions of COVID-19 patients across three
risk-states and two outcomes of discharge and death, we
showed that the beneficial effect of remdesivir therapy was
attributed mainly to reductions of the progression rate in
low-risk patients and increases of the net regression for
medium-risk patients. Our results not only have strength-
ened the evidence for the clinical use of remdesivir for
hospitalized COVID-19 patients, the proposed synthesis
sequential design and analysis with the backbone of five-
state COVID-19 progression model also provides a frame-
work for an efficient assessment of novel compounds to
inform their clinical use at the earliest and optimal timing.

While a substantial proportion of COVID-19 cases have
occurred from a cascade of outbreaks in five continental
countries since January 2020, the global disease burden
resulted from an enormous number of deaths from COVID-
19 as well as slow recovery after the ascertainment of
COVID-19 diagnosis. The slow recovery may increase the
possibility of transmission and infectious period so as to
spur the subsequent outbreaks among the susceptible
people. Although effective vaccines have been available
since the end of 2020, the virial variants, the imple-
mentation and scale-up of vaccination, and the global
vaccination distribution remain great concerns.* * The
resurgence of COVID-19 outbreaks in India and countries in
Europe, South America, and Africa in March, 2021 further
shows the persistent threat of COVID-19 global pandemic
and the urgent need for effective antiviral therapies with
evidence-based support.>*®

Reported from the one-arm study, remdesivir has been
proposed for compassionate use in 53 patients and
demonstrated 68% clinical improvement.'® However, the
one-arm study has been argued with a lacking of control
group. It requires a two-arm RCT to demonstrate its
evidence-based efficacy.’ %2> However, in the era of
COVID-19 pandemic, identifying a new potential antiviral
therapy with a RCT design is fraught with the difficulty of
logistics in implementation and ethical concerns. An un-
derpowered RCT without consideration of the dynamic of
COVID-19 further results in the controversial evidence.
Alternative methods for evaluating evidence-based anti-
viral therapy with efficiency is therefore urgently needed.

The proposed synthesis sequential design analysis can be
a solution to this dilemma. By making use of the informa-
tion derived from two studies, we were able to derive
precise estimates on the daily rate of COVID-19 evolution
altered by remdesivir therapy. This approach not only takes
into account the temporal sequence on the clinical use
of remdesivir for COVID-19 patients but also provides a
framework for the evaluation of the clinical efficacy of
remdesivir treatment by incorporating the standard care
group as the comparator.

Compared with the empirical results on marginally
statistically significant reduction in the risk for death
(HR, 0.73; 95% ClI, 0.52—1.03) derived from the two-arm
RCT of remdesivir,'”?° the point estimate was consistent
but our proposed approach was more precise due to the
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incorporation of information sources derived from both
the one-arm study and the two-arm trial. The dynamics
of COVID-19 evolution depicted by the five-state pro-
gression model further makes use of full information on
the transition across risk states reported on a daily basis
by the one-arm compassionate use study. Our estimated
results are also consistent with that reported by Jen
et al. with the mortality reduction by 30.5% (95% ClI,
6.6—50.9).%

The additional advantages of our synthesis sequential
design and analysis of the empirical data from the one-arm
compassionate study'® and two-arm ACTT-1 trial'® on the
use of remdesivir are three-fold. Firstly, we improved the
weakness of lacking a control group in the original one-arm
study as a proportion of COVID-19 patients may be dis-
charged in recovery dispensing with the use of remdesivir.
Second, incorporating the information from two-arm ACTT-
1 trial with the consideration of the baseline risk state
enables us to evaluate the efficacy of remdesivir with clear
primary endpoints including death and discharge rather
than only based on the clinical improvement before and
after the use of remdesivir. Third, the results on the clinical
dynamic of COVID-19 evolution derived from such a syn-
thesis sequential design and analysis can support the clin-
ical decision on the administration of therapies based on
the risk states of COVID-19 patients.

The results of finding an effective antiviral therapy like
remdesivir in reducing death and length of hospital stay
from COVID-19 have also two significant implications for
containing COVID-19 pandemic. First, it reduces the
sequelae of COVID-19 and also accelerates its recovery.
Besides, the administration of antiviral therapy may also
reduce transmission probability and infectious duration in
contact with the susceptible people. Such an efficacy of
antiviral therapy in the prophylaxis and treatment has been
demonstrated in the management of influenza.*®>*°

In conclusion, we propose a Bayesian synthesis sequential
design with multi-state analysis to evaluate evidence-based
antiviral therapy with efficiency. The illustrated results based
on the proposed approach not only provide an even precise
estimate of efficacy in reducing death and time-to-discharge
of COVID-19 patients but also shed light on the underlying
mechanism for the potential benefit of antiviral therapy,
which can enlighten the clinical management of COVID-19
patients with precision and timeliness.
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