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Remdesivir-based therapy improved
the recovery of patients with COVID-19
in the multicenter, real-world SARSTer study
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Introduction In December 2019, a new patho-
gen associated with an outbreak of respiratory
tract infections was discovered in Wuhan, China.
It was identified as a novel coronavirus termed
severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2), closely related to the already
known betacoronaviruses responsible for epidem-
ics named with the acronyms SARS (severe acute
respiratory syndrome) and MERS (Middle East re-
spiratory syndrome). The outbreak of the disease
cause by SARS-CoV-2, coronavirus disease 2019
(COVID-19), was announced a global pandemic by
the World Health Organization (WHO) in March
2020. The clinical spectrum of SARS-CoV-2 in-
fection ranges from asymptomatic or mild, self-
limited respiratory tract disease to severe pro-
gressive pneumonia leading to acute respiratory
distress syndrome and death due to multiorgan
failure. At the beginning of the epidemic, only
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supportive care was available, but the rapid world-
wide spread of COVID-19 has raised a desperate
need to invent an antiviral agent active against
SARS-CoV-2. At first, the search for an effective
therapy focused on drug repurposing and new
ways of using approved agents with confirmed ac-
tivity against other viruses. Among them, a com-
pound of lopinavir and ritonavir was identified.
Lopinavir, acting as an inhibitor of human im-
munodeficiency virus (HIV) protease, coadminis-
tered with ritonavir to increase its bioavailability,
was demonstrated to have in vitro activity against
both SARS-CoVs and MERS-CoVs.'® The positive
impact of lopinavir/ ritonavir on the clinical out-
come and reduction of the viral load in nasopha-
ryngeal swabs was documented in patients par-
ticipating in an open-label study performed dur-
ing the outbreak of SARS in 2003.7% Three case
reports and a single retrospective study focused
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on the use of lopinavir/ ritonavir in patients with
MERS, suggesting improved clinical outcomes.®’
Hence, due to the structural similarity of all be-
tacoronaviruses, the relevance of lopinavir / rito-
navir use in the treatment of COVID-19 was con-
sidered. To answer the question as to whether
this antiviral agent works in SARS-CoV-2 infec-
tion, Cao et al® performed an open-label random-
ized clinical trial in Wuhan, China, the epicenter
of the outbreak, to evaluate the efficacy of lopi-
navir / ritonavir in patients diagnosed with CO-
VID-19. Nevertheless, study results were disap-
pointing and no superiority of lopinavir/ ritona-
vir therapy in terms of clinical improvement, du-
ration of hospitalization, or time period of viral
RNA detectability as compared with the standard
of care (SoC) was demonstrated. The only signifi-
cant difference was observed in the median time
to clinical improvement, calculated after exclu-
sion of patients who died early; however, the au-
thors regarded that difference as “modest.”® No
positive impact of lopinavir/ritonavir therapy
was reported in critically ill patients with SARS-
CoV-2-related pneumonia treated in the inten-
sive care unit and also in patients with the mild-
to-moderate form of COVID-19 compared with
the SoC treatment or adjuvant therapy.®
Since the process of discovery, testing, and
registration of a new antiviral drug is long, cost-
ly, and has a vague chance of success, attention
has been paid to investigational drugs with a po-
tential activity against SARS-CoV-2. Remdesivir
has been the most promising one among them,
a prodrug of an adenosine nucleoside analogue,
which terminates viral RNA synthesis by inhibi-
tion of RNA-dependent RNA polymerase and has
an established dosing and safety profile. Ebola vi-
rus disease was the primary clinical indication for
remdesivir use. However, despite the encouraging
results of the in vivo efficacy evaluation in an an-
imal model, a phase III randomized clinical trial
did not clearly confirm the relevance of remdesi-
vir use in humans and, then, this investigational
agent was shelved."? There has been renewed in-
terest in remdesivir use for SARS-CoV and MERS-
CoV infection treatment, and its activity against
the family of coronaviruses, which was confirmed
in in vitro and animal models, has raised hope
for its effective application in the treatment of
COVID-19."® Since the inhibitory effect on the
recently emerged novel coronavirus was demon-
strated in vitro, clinical trials and compassionate
use programs have been initiated, and the WHO
announced the launch of a trial that would include
a single group of patients treated with remdesi-
vir.""16 Finally, based on findings from phase III
clinical trials, ACTT-1 and SIMPLE-severe, remde-
sivir received emergency use authorization for the
treatment of COVID-19, issued by the Food and
Drug Administration (FDA) on May 1, 2020."7-"¢
The subsequent final approval by the FDA and li-
cences in various countries worldwide as well as
recommendation by numerous scientific infec-
tious disease societies have made remdesivir the

POLISH ARCHIVES OF INTERNAL MEDICINE  2021; 131 (1)

first approved antiviral agent for the treatment
of COVID-19. However, due to doubts raised by
the results of the Solidarity study, it is of impor-
tance to support registration research with data
from real-world experience.?’

The purpose of the current study was to eval-
uate the effectiveness and safety of remdesivir
use in patients with COVID-19 in real-world set-
tings. The lopinavir / ritonavir-based regimen
was used as a comparator instead of the unde-
fined and imperfect concept of the SoC usually
applied in COVID-19 studies.

Patients and methods The study population con-
sisted of patients selected from 1496 individuals
included in the SARSTer national database. This
ongoing project, supported by the Polish Associ-
ation of Epidemiologists and Infectiologists, is a
national real-world experience study on the treat-
ment of patients with COVID-19. Patients whose
data were collected in the SARSTer database were
treated in 30 Polish centers between March 1 and
August 31, 2020. The decision about the treat-
ment regimen was taken entirely by the treating
physician with respect to the current knowledge
and recommendations of the Polish Association of
Epidemiologists and Infectiologists.?!?? The pres-
ent analysis included 333 adult patients who re-
ceived therapy with the 2 antiviral drugs, remde-
sivir or lopinavir / ritonavir, administered for the
treatment of COVID-19. Remdesivir was admin-
istered intravenously at a loading dose of 200 mg
once a day and later at a maintenance dose of 100
mg for 5 to 10 days. Lopinavir / ritonavir was ad-
ministered orally at a dose of 400/100 mg every
12 hours for up to 28 days. Lopinavir/ritona-
vir was used mostly at the beginning of the pan-
demic and, owing to the later documented lack
of effectiveness, was considered as a comparator
for remdesivir in this study. The SARSTer study
was approved by the Ethical Committee of Med-
ical University of Bialystok, Poland. If necessary,
local bioethics committees approved the experi-
mental use of repurposed drugs (lopinavir / rito-
navir) in patients with COVID-19.

Data were retrospectively entered and submit-
ted online by a web-based platform operated by
the Tiba sp. z 0.0. company. Parameters record-
ed at baseline included age, sex, body mass index
(BMI), comorbidities and concomitant medica-
tion use, clinical status on admission, addition-
al medication dedicated to COVID-19 treatment,
and adverse events. Baseline clinical status on
hospital admission was classified as asymptom-
atic, stable symptomatic with oxygen saturation
(Sp0O,) >95%, unstable symptomatic with SpO,
at 91% to 95%, unstable symptomatic with SpO,
<£90% or acute respiratory distress syndrome.

Clinical improvement, expressed using the
ordinal scale based on the WHO recommenda-
tions modified to fit the specificity of the nation-
al healthcare system, was regarded as the pri-
mary endpoint of treatment effectiveness. Im-
provement was defined as a 2-point decrease from



TABLE 1

Characteristics

Demographic data

Characteristics of the patients included in the study

P value

Remdesivir
(n =122)

Lopinavir/
ritonavir
(n =211)

Female sex 43 (35) 85 (40) 0.4
Male sex 79 (65) 126 (60)

Age, y, mean (SD) 58.7 (14.5) 56.1(15.4) 0.15
BMI, kg/m?, mean (SD) 29.3 (4.5) 28.2 (5.1) 0.05
Baseline clinical status on hospital admission

Asymptomatic 1(0.8) 7(3.3) 0.27
Stable symptomatic, 38 (31) 83 (39) 0.16
Sp0, >95%

Unstable symptomatic, 52 (43) 70 (33) 0.1
Sp0, at 91%-95%

Unstable symptomatic, 30(25) 49 (23) 0.79
Sp0, <90%

ARDS 1(0.8) 2(0.9) 1.00
Comorbidities

Hypertension 65 (53) 101 (48) 0.36
Ischemic heart disease 17 (14) 13 (6) 0.03
Other cardiovascular diseases 14 (11) 14 (7) 0.15
Diabetes 29 (24) 38(18) 0.26
Chronic obstructive pulmonary 4 (3) 7(3) 1.00
disease

Asthma 4(3) 4(2) 0.47
Malignancy 6 (5) 10 (5) 1.00
Additional medication dedicated to COVID-19 treatment

Chloroquine 7(5.7) 153 (73) <0.001
Hydrochloroquine 2(1.6) 14 (6.6) 0.06
Tocilizumab 27 (22) 34 (16) 0.19
Convalescent plasma 17 (14) 13 (6.2) 0.03
LMWH at prophylactic doses 109 (89) 137 (65) <0.001
LMWH at therapeutic doses 9(7.4) 13(6.2) 0.65
Dexamethasone 31(25) 18 (8.5) <0.001
Azithromycin 10 (8) 37(18) 0.02

Data are presented as numer (percentage) of patients unless otherwise indicated.

Abreviations: ARDS, acute respiratory distress syndrome; BMI, body mass index;
COVID-19, coronavirus disease 2019; LMWH, low-molecular-weight heparin;

Sp0,, oxygen saturation

baseline at 7, 14, 21, and 28 days of hospitaliza-
tion. The ordinal scale included the following: 1.
nonhospitalized, no activity restrictions; 2. non-
hospitalized, no activity restrictions, and/ or re-
quiring oxygen supplementation at home; 3. hos-
pitalized, not requiring oxygen supplementation
or medical care; 4. hospitalized, not requiring ox-
ygen supplementation but requiring medical care;
5. hospitalized, requiring normal oxygen supple-
mentation; 6. hospitalized, on noninvasive ven-
tilation with high-flow oxygen therapy equip-
ment; 7. hospitalized, using invasive mechani-
cal ventilation or extracorporeal membrane ox-
ygenation; 8. death.

The secondary endpoints of effectiveness in-
cluded: mortality rate, rate of the need for con-
stant oxygen therapy, duration of oxygen therapy,
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rate of the need for mechanical ventilation, to-
tal hospitalization time, and rate of positive re-
al-time polymerase chain reaction (PCR) testing
for SARS-CoV-2 after 30 days of hospitalization.

Statistical analysis  Study results were expressed
as mean (SD) or number (percentage). A P value
less than 0.05 was considered significant. The sig-
nificance of differences was calculated by the x?
or Fisher exact tests for nominal variables and by
the Mann-Whitney test and the Kruskal-Wallis
analysis of variance for continuous variables. Uni-
variable comparisons were calculated using the
GraphPad Prism 5.1 software (GraphPad Soft-
ware, Inc., La Jolla, California, United States).
Forward stepwise logistic regression models with
the Bayesian information criterion as a model se-
lection criterion were constructed with an equal
to or higher than 2-point decrease on the ordinal
scale between baseline and hospitalization day
21 as the dependent variable. Among indepen-
dent variables tested, there were age, sex, BMI,
diabetes, coronary artery disease, baseline clas-
sification and baseline score based on the ordinal
scale, as well as therapy with remdesivir, lopina-
vir / ritonavir, tocilizumab, dexamethasone, chlo-
roquine/ hydroxychloroquine, heparin, convales-
cent plasma, and azithromycin. Only the main
effects and first-order interaction terms with-
out predictor rescaling were considered in the
model building procedure. Logistic regression
models were calculated with the use of the R and
MATLAB software (MathWorks, Natick, Massa-
chusetts, Unites States).

Results Among 333 patients included in the
study, 122 received remdesivir therapy, and
211 were treated with lopinavir /ritonavir. The
study groups were balanced regarding sex, age,
and BMI, but there was a predominance of male
patients in both study arms (TABLE 1). Patients
treated with remdesivir more frequently demon-
strated a symptomatic unstable course of the dis-
ease with SpO, <95% on admission to the hospi-
tal (69%) compared with those receiving lopina-
vir / ritonavir (57%), but the difference was non-
significant. The prevalence of comorbidities was
higher among patients treated with remdesivir,
but the difference was significant only regarding
ischemic heart disease (TABLE 1). During remdesi-
vir treatment, additional medication used more
frequently included dexamethasone, convales-
cent plasma, and low-molecular-weight heparin,
whereas lopinavir/ ritonavir was more frequent-
ly administered together with chloroquine and
azithromycin (TABLE 1).

As shown in FIGURE 1, the proportions of ordi-
nal-scale categories were balanced between the
2 treatment groups at baseline. The rate of pa-
tients discharged from the hospital was similar on
days 7 and 14, but it increased in patients treated
with remdesivir on days 21 and 28 (FIGuRE 1). Dif-
ferences in the ordinal-scale score between partic-
ular timepoints and baseline values on admission
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FIGURE 1  Categories of
the ordinal scale
established in the
following timepoints in
patients treated with
either remdesivir- or
lopinavir/ritonavir-based
regimens

Abbreviations:

ECMQO, extracorporeal
membrane oxygenation;
LPV/r, lopinavir/ritonavir;
RDV, remdesivir

FIGURE 2 Changes in
the ordinal-scale scoring
at the subsequent
observation timepoints
compared with baseline
Abbreviations: see FIGURE 1
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to the hospital are shown in FiGuRE 2. Clinical im-
provement measured using an ordinal scale dem-
onstrated significantly higher rates after remde-
sivir treatment compared with lopinavir / ritona-
vir use on days 21 and 28, and the difference was
15% and 10%, respectively (TABLE 2). An additional
analysis of clinical improvement based on the or-
dinal scale was carried out depending on the base-
line oxygen saturation on hospital admission. The
difference between the regimens increased along
with worsening of oxygen saturation during the
analysis on days 14, 21, and 28 (TABLE 2). A sim-
ilar tendency was demonstrated depending on
the baseline score based on the ordinal scale. As
shown in TABLE 2, hospitalization time was signif-
icantly shorter in patients treated with remdesi-
vir if they had baseline SpO, <90%.

In the logistic regression model of patients re-
ceiving remdesivir or lopinavir/ ritonavir, only
remdesivir use was independently associated with
at least a 2-point improvement on the ordinal
scale between baseline and day 21, while older age
and tocilizumab use were negative predictors of
the patient’s response (TABLE 3). Interestingly, in
patients at older age, tocilizumab improved the
likelihood of response.
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Patients treated with lopinavir/ritonavir ex-
perienced more adverse events (39%) than those
treated with remdesivir (20%). The most frequent
adverse events in those receiving lopinavir / rito-
navir included diarrhea (25%), nausea (8.5%),
vomiting (6.2%), and QT interval prolongation
(5.2%). Patients treated with remdesivir most
frequently had elevated levels of aminotransfer-
ases (9.8%), and other adverse events occurred
sporadically (TABLE 2).

Discussion  Since May 1, 2020, the FDA has ap-
proved remdesivir to be distributed and admin-
istered intravenously to treat COVID-19 in pa-
tients with the severe course of the disease by
granting emergency use authorization. It has be-
come possible in view of the promising results of
phase III clinical trials. Hence, the antiviral agent
that failed to live up to expectations in the treat-
ment of Ebola virus disease has become a hope
for those infected with SARS-CoV-2. Approvals
issued in other countries and regions worldwide
in the wake of the decision of the United States
federal agency has enabled the use of remdesi-
vir in patients with low blood oxygen saturation
or need for oxygen therapy or more intensive



TABLE 2 Effectiveness and safety of treatment with remdesivir compared with lopinavir/ritonavir

Endpoint Follow-up, Remdesivir Lopinavir/ritonavir  OR (95% ClI) P value
days (n=122) (n=211)
Clinical All patients 7 2/122 (1.6) 11/211 (5.2) 0.3(0.07-1.39) 0.14
;’;‘g’;’;’a’:‘e”t 14 56/122 (46)  87/211 (41) 121(0.77-19) 042
decrease on the 21 105/122 (86) 149/211 (71) 2.57 (1.42-4.65) 0.001
ordinal scale) 28 113/122(93)  175/211(81) 258(1.2-5657)  0.01
Depending on Sp0, >95% 7 1/38 (2.6) 7/83 (8.4) 0.29 (0.04-2.47) 0.43
14 17/38 (45) 37/83 (45) 1.01 (0.47-2.18) 1.00
21 34/38 (89) 68/83 (82) 1.88 (0.58-6.09) 0.42
28 37/38 (97) 79/83 (95) 1.87(0.2-17.35) 1.00
91%-95% 7 0/52 2/70(2.9) 0.26 (0.01-5.55) 0.51
14 28/52 (54) 34/70 (49) 1.23 (0.6-2.53) 0.59
21 47/52 (90) 54/10 (77) 5.17 (1.1-24.22) 0.09
28 50/52 (96) 58/70 (83) 5.17 (1.1-24.22) 0.02
<90% 7 1/30 (3.3) 2/49 (4.1) 0.81(0.07-9.34) 1.00
14 10/30 (33) 12/49 (24) 1.54 (0.57-4.19) 0.44
21 22/30 (73) 23/49 (47) 3.11(1.16-8.32) 0.03
28 24/30 (80) 33/49 (67) 1.94 (0.66-5.69) 0.3
Depending on the baseline  3-4 7 1/48 (2.1) 6/96 (6.3) 0.32 (0.04-2.73) 0.42
score on the ordinal scale 14 22/48 (46) 39/96 (41) 123(0.62-249) 06
21 43/48 (90) 70/96 (73) 3.19(1.14-8.95) 0.03
28 46/48 (96) 84/96 (88) 3.28 (0.71-15.32) 0.14
5 7 1/64 (1.6) 4/106 (3.8) 0.41(0.04-3.7) 0.65
14 28/64 (44) 46/106 (43) 1.01 (0.54-1.9) 1.00
21 54/64 (84) 74/106 (70) 2.33(1.06-5.16 0.04
28 58/64 (91) 85/106 (80) 2.39(0.91-6.28) 0.08
6-7 7 0/10 1/9(11) 0.27 (0.01-7.51) 0.47
14 6/10 (60) 2/9 (22) 5.25 (0.7-39.48) 0.17
21 8/10 (80) 5/9 (56) 3.2(0.42-24.4) 0.35
28 9/10 (90) 6/9 (67) 4.50 (0.37-54.16) 0.3
Death All patients - 5/122 (4.1) 17/211 (8.1) 0.49 (0.18-1.34) 0.18
Sp0, <95% - 4/82 (4.9) 14/119 (11.8) 0.39 (0.12-1.21) 0.13
Need for continuous oxygen therapy - 54/122 (44) 107/211 (51) 0.77 (0.49-1.21) 0.31
Duration of oxygen therapy, day, mean (SD) - 10.2 (6.6) 12.1(11.2) - 0.72
Need for mechanical ventilation - 7/122 (5.7) 18/211 (8.5) 0.65 (0.27-1.61) 0.39
Hospitalization All patients - 15.6 (6.6) 18.1(10.4) - 0.07
::zsn?%) Depending on Spo0), >95% - 14.6 (4.7) 15.7(6.2) - 0.61
(excluding 91%—95% 15.2 (6.7) 16.6 (9) - 0.3
5?;5;"3 who <90% 17.5(8.2) 25 (14.7) - 0.03
Depending on the baseline  3—4 14.3 (5.2) 17 (9.2) - 0.12
score on the ordinal scale 5 16.2 (7.3) 18.8 (11.4) _ 0.26
6-7 17.9(6.7) 21.7 (8.7) - 0.52
Positive result of real-time PCR testing after 30 days of 30 5/122 (4.1) 19/211 (9) 0.43 (0.16-1.19) 0.12
hospitalization
Adverse events  Any adverse events - 24/122 (20) 83/211 (39) 0.38 (0.22-0.64) <0.001
Diarrhea 0/122 53/211 (25) 0.01(0.001-0.2) <0.001
Elevated aminotransferase levels 12/122 (9.8) 6/211 (2.8) 3.73(1.36-10.2) 0.01
Nausea 2/122 (1.6) 18/211 (8.5) 0.57 (0.11-2.87) 0.01
Vomiting 1/122 (0.8) 13/211 (6.2) 0.13(0.02-0.97) 0.01
QT interval prolongation 0/122 11/211 (5.2) 0.07 (0.004-1.22)  0.008

Data are presented as number of patients affected/total number of patients in whom data were available (percentage) unless otherwise indicated.

Abbreviations: OR, odds ratio; PCR, polymerase chain reaction; others, see TABLE 1
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TABLE 3 Results of the logistic regression model for improvement according to the ordinal scale, defined as
a 2-point or greater decrease between baseline and hospitalization day 21 values in patients receiving remdesivir

Characteristics B Estimate SE T statistic P value OR (95% ClI)

Intercept 4.1063 0.7743 5.3 <0.001 -

Remdesivir (0/1) 1.5014 0.3752 4 <0.001 4.13 (2.06-8.27)
Tocilizumab (0/1) -4.9421 1.644 -3.01 0.003 0.0071 (0.0003-0.17)
Age (per year) -5.12162 1.24462 -4.12 <0.001 0.94 (0.92-0.97)
Tocilizumab vs age 0.063616 0.02631 2.42 0.02 1.07 (1.01-1.12)

X2 statistic vs constant model, 45.5; P value, 3.1-% and Bayesian information criterion, 310.29

Abbreviations: see TABLE 2

breathing support. However, giving access to a
new potential therapy, the need for further re-
search to evaluate the safety and effectiveness
of remdesivir was highlighted.

Since June 2020, remdesivir has also been
available in Poland. Therefore, we aimed to assess
the efficacy and tolerability of remdesivir in re-
al-world experience. Alopinavir/ ritonavir-based
regimen was used as a comparator owing to its an-
tiviral mode of action, as both agents act by inhib-
iting viral proteins. We used this regimen instead
of the undefined and imperfect concept of “SoC,”
which is usually applied in COVID-19 studies and
can be interpreted in different ways depending on
the treating center and phase of the pandemic. As
no benefit of lopinavir / ritonavir treatment com-
pared with the SoC was reported by Cao et al® in
patients with COVID-19-related pneumonia, in
the current analysis, we assumed that the effica-
cy of lopinavir / ritonavir was at the level close to
that of placebo. The majority of patients receiving
remdesivir presented with unstable symptomat-
ic clinical status with SpO, <95% on hospital ad-
mission (68%). Using the ordinal scale widely ap-
plied in COVID-19 trials, we confirmed that rem-
desivir therapy was associated with greater clin-
ical improvement, defined as a 2-point decrease
in disease severity, by days 21 (86% vs 71%; P =
0.001) and 28 (93% vs 83%; P = 0.01) compared
with the lopinavir /ritonavir arm. A significant
difference on day 21 was observed regardless of
the baseline score on admission to the hospital.
The detailed analysis considering the baseline ox-
ygen saturation demonstrated a significant differ-
ence among unstable patients, by day 21 for indi-
viduals with SpO, <90%, and by day 28 for those
with baseline SpO, at 91% to 95%. The possible
reason for no difference observed by days 7 and
14 could be an effect of a national regulation fol-
lowed until August 31, 2020, which in practice or-
dered hospitalization of the majority of patients
for at least 14 days irrespective of treatment used
or clinical improvement observed.

Hence, our findings supported results from
clinical trials, including those based on which the
decisions of authorization by the FDA and Eu-
ropean Medicines Agency (EMA) were made.'”
19 Patients with COVID-19 without reduced oxy-
gen saturation included in the SIMPLE-moderate
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phase III trial and treated with remdesivir for
5 days were more likely to exhibit clinical im-
provement as compared with those receiving
the SoC treatment alone, whereas no signifi-
cant difference was documented for those ran-
domized to the 10-day regimen.?® Similar re-
sults were obtained for patients with the severe
form of COVID-19 defined as oxygen saturation
<95% while breathing ambient air or receiving
oxygen support, treated with remdesivir in the
SIMPLE-severe phase III trial. Clinical improve-
ment was demonstrated in 65% and 54% of pa-
tients receiving remdesivir for 5 and 10 days, re-
spectively.'® In both trials, the assessment was
performed at a timepoint different from ours,
on day 11 for moderate and 14 for severe dis-
ease.'®1%23 Notably, the comparison concerning
patients with severe COVID-19 was not random-
ized and performed within a single study yet be-
tween individuals on remdesivir therapy includ-
ed in the SIMPLE-severe phase III clinical trial
and the concurrent retrospective real-world co-
hort study on SoC only."® Moreover, not all pa-
tients treated with remdesivir were included in
the comparative analysis. After exclusion of Ital-
ian patients on remdesivir from the real-world
experience study owing to lack of comparative
individuals receiving SoC, 74% of those treated
with remdesivir fulfilled the criteria for clinical
improvement as compared with 59% in the SoC
cohort on day 14 (P <0.001).

This limitation was not shared by another
phase III ACTT-1 study designed as a double-
blind, randomized, and placebo-controlled tri-
al. The preliminary results of that study con-
firmed the superiority of remdesivir to place-
bo (normal saline solution) in shortening the
time to recovery (11 versus 15 days). Patients
were assessed daily using an ordinal scale, and
the primary outcome measure was the first day
on which the patient reached one of the 3 low-
est levels on the scale meaning “not hospital-
ized with or without limitation of activities” and
“hospitalized not requiring supplemental oxy-
gen and ongoing medical care.”'” Also, data from
the compassionate use program confirmed the
benefit of remdesivir treatment in patients with
severe COVID-19, including those on invasive
ventilation, and showed a 68% rate of clinical



recovery.?” Unlike the abovementioned studies,
no positive impact of remdesivir compared with
placebo was reported in patients with the severe
form of COVID-19 with baseline oxygen satura-
tion <95% who were included in a randomized,
double-blind, multicenter phase III clinical trial
conducted in Wuhan, China."® However, it should
be noted that enrolment was prematurely termi-
nated, as the epidemic in Wuhan was controlled
and hence the study was underpowered.

The benefits of remdesivir use were not prov-
en in the WHO-planned Solidarity study.?’ De-
spite the enormous number of patients includ-
ed in that study, it did not influence the decisions
of the FDA, EMA, and the most important sci-
entific societies recommending the use of rem-
desivir. The primary drawback of the Solidarity
study was the fact that patients were not catego-
rized into those receiving oxygen at low or high
flow. Patients were grouped by whether they did
or did not need supplemental oxygen or if they
were on ventilators. The difference may be of im-
portance, because people who need less oxygen
can be at an earlier stage of infection than those
who need more oxygen. Meanwhile, as shown in
the ACTT-1 trial and in our study, the benefits of
using remdesivir are achieved by patients who re-
quire low oxygen flow."’

The current analysis demonstrated the ben-
eficial effect of remdesivir therapy as compared
with lopinavir / ritonavir use in terms of second-
ary endpoints. Among them, a significant differ-
ence was found for the rate of lack of improve-
ment within 28 days assessed on the ordinal scale.
For the remaining parameters, including mortali-
ty rate, need for constant oxygen therapy and its
duration, need for mechanical ventilation, rate
of positive results of real-time PCR testing for
SARS-CoV-2 after 30 days, and hospitalization
length, the positive impact of remdesivir with-
out statistical significance was documented. In-
terestingly, the most striking and significant ef-
fect of remdesivir use on the length of hospital-
ization was observed in patients with baseline
SpO, £90% who needed hospital stay shorter by
7 days on average. Our findings on mortality are
in line with the results achieved in the SIMPLE
and ACTT-1 clinical trials and an observational
study of patients with cancer.'”'%2%2% Unfortu-
nately, a detailed comparison regarding the re-
maining outcomes is impossible because of dif-
ferent endpoints and timepoints of assessment
analyzed.'”1%:23

The tolerability profile of remdesivir in the cur-
rent analysis was in accordance with that seen in
clinical trials, and transient aminotransferase el-
evations were the most frequently observed ad-
verse event, reported in nearly 10% of patients.
Lopinavir/ ritonavir was frequently responsible
for transient diarrhea, well known from experi-
ence in patients with HIV infection, which did
not affect the clinical status of patients and du-
ration of hospitalization.

SPECIAL REPORT  Remdesivir use in COVID-19

Strengths and limitations We are aware of the lim-
itations of our study. Among them, the impact of
other therapeutic agents dedicated to COVID-19
treatment should be pointed out. Baseline char-
acteristics demonstrated the different distribu-
tion of patients with respect to concomitant drugs
with a significantly higher rate of dexametha-
sone, convalescent plasma, and low-molecular-
weight heparin use, and a lower rate of chloro-
quine and azithromycin use among patients treat-
ed with remdesivir. To eliminate this imbalance
as a confounding factor, we performed analysis
using logistic regression, which showed that, in
patients receiving remdesivir or lopinavir / rito-
navir, only the administration of remdesivir was
independently associated with at least a 2-point
improvement on the ordinal scale on day 21. Im-
portantly, in that model, we could not prove an
additional independent beneficial effect of dexa-
methasone or convalescent plasma use on this
endpoint, while the use of tocilizumab was ben-
eficial only in older patients.

Other limitations of the current analysis are
related to the real-world evidence design of the
study, including its observational character and
retrospective electronic data collection burdened
with possible data entry errors. Unfortunately,
we could not increase the number of patients in
the study because of the change in national reg-
ulations, which allowed the release of a patient
from the hospital without real-time PCR test neg-
ativization—this could significantly affect ordi-
nal scale interpretation.

However, the major strength of the study lies
in collection of data from a real-world, hetero-
geneous population, thus being representative
for routine practice, and a clearly defined com-
parator, unlike in some other studies that usual-
ly use an undefined concept of SoC. Interesting-
ly, we observed that the addition of tocilizumab
can improve the likelihood of clinical improve-
ment, which supports our previous experience
with this drug, but the possible use of the com-
bined therapy with remdesivir and tocilizumab
needs further research.?®

Conclusions Due to the complex pathogenesis
and multiphasic clinical course of COVID-19 with
coagulation disorders, coinfections, multiorgan
failure, and consequences of a “cytokine storm,”
it is difficult to find the optimal management. An
enormous number of repurposed drugs are still
being tested for both antiviral, anti-inflammato-
ry, and cytokine storm control.?” Those studies
also investigate the possibility of using remdesi-
vir with other drugs, an example of which is ba-
ricitinib recently approved by the FDA for com-
bination therapy with remdesivir.?

In conclusion, data collected in this retrospec-
tive, observational, real-world study with antivi-
rals as a leading therapy in 2 competing arms sup-
ported the use of remdesivir compared with lopi-
navir/ ritonavir for the treatment of SARS-CoV-2
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infection, particularly in patients with oxygen
saturation <95%.
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