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Abstract: In several randomized studies, remdesivir (RDV) has been reported to shorten the re-
covery period and improve clinical outcomes in COVID-19 patients, and thus, it is recommended
as a standard of care. Nevertheless, controversial reports have been published. The aim of the
present study is to evaluate the effectiveness of remdesivir in hospitalized patients with COVID-19
pneumonia at three Greek University Departments of Infectious Diseases with homogenous
treatment protocols. From September 2020 to February 2021, we retrospectively analyzed adults
hospitalized with confirmed SARS-CoV-2 infection and radiological findings of pneumonia, who
received remdesivir once daily for five days. Exploratory end points were duration of hospitaliza-
tion, time of intubation, and death. Overall, 551 patients were included in the study. The optimal
cutoff point for the number of days needed after symptom initiation for drug administration asso-
ciated with better clinical outcome was 7 days. Higher odds for discharge and lower for intubation
were observed in patients with treatment initiation <7 days (p = 0.052 and p = 0.019, retrospectively)
regardless of gender (p = 0.537), hypertension (p = 0.096), dyslipidemia (p = 0.221), diabetes mellitus
(p = 0.306), and usage of immunomodulators (p = 0.408). Our study has demonstrated beneficial
effects of early treatment with remdesivir (<7 days from symptom onset) on rates of intubation and
probability of discharge.

Keywords: remdesivir; COVID-19; SARS-CoV-2; pandemic; retrospective study; intubation;
discharge

1. Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) responsible for the
coronavirus disease 2019 (COVID-19) induced an initial outbreak, in December 2019, in
Wuhan, China, and rapidly led to a pandemic [1,2]. Effective antiviral treatments are
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vital in order to reduce mortality rates and hospitalizations and to protect vulnerable
populations.

Remdesivir (G5-5734), a monophosphoramidate nucleoside prodrug with known
antiviral activity against SARS-CoV and the Middle East respiratory syndrome corona-
virus (MERS-CoV), was evaluated for its efficacy against SARS-CoV-2 early during the
COVID-19 pandemic [3,4]. Upon entry into target cells, remdesivir undergoes metabolic
conversion into its active form, remdesivir triphosphate (remdesivir-TP), which com-
petes with adenosine triphosphate (ATP) for incorporation into the nascent RNA strand
and acts as substrate for RNA dependent RNA polymerase (RARP), thus, inhibiting viral
replication machinery [5-7]. Remdesivir-derived RARP inhibition is mainly due to de-
layed chain termination resulting from (i) misintegration of nucleoside triphosphate
(NTP) into replicating RNA by RdRp, (ii) prevention of further chain elongation after
NTP plus three additional nucleosides, and (iii) premature termination of RNA synthesis
[7].

According to the results of the Adaptive COVID-19 Treatment Trial (ACTT-1) (a
double-blind, randomized, placebo-controlled trial) remdesivir was associated with a
shorter period to recovery [8]. In contrast to the initial jeopardy, the final results of the
WHO Solidarity randomised trial and the Canadian Treatments for COVID-19 (CATCO)
trial have also documented beneficial roles of remdesivir in survival rates and progres-
sion to ventilation in hospitalized patients with COVID-19 pneumonia [9,10]. However,
there is still controversy in the existing guidelines on the use of remdesivir in hospital-
ized patients with COVID-19 [11-13].

The effectiveness of remdesivir is associated with the time of treatment initiation.
Viremia at admission is a predictor of mortality and poor viral control contributes to
disease severity [14]. Studies have shown that the duration of viremia is approximately
10 days, and thus during this period, antiviral treatment should be initiated [15]. Initia-
tion of remdesivir prior to or simultaneously with dexamethasone has been associated
with significantly shorter time to clinical improvement and lower mortality risk [16]. Pa-
tients with moderate COVID-19 treated with remdesivir for up to 5 days had signifi-
cantly higher odds of better clinical outcome [17]. Based on these data, the PINETREE
clinical trial in non-hospitalized patients at high risk for disease progression reported that
a 3-day course of remdesivir resulted in an 87% lower risk of hospitalization or death
[18].

The aim of the present retrospective study was to evaluate the effectiveness and the
optimal time initiation of remdesivir in hospitalized patients with COVID-19 pneumonia
at three University Departments of Infectious Diseases (Athens, Alexandroupolis, and
Patra) during the period after the European Medicines Agency (EMA) approval until in-
itiation of vaccination against SARS-CoV-2 (September 2020-February 2021) [19]. We also
sought to evaluate our practice by comparing it to the international and national rec-
ommendations.

2. Materials and Methods

This was a retrospective study conducted at three University Departments of Infec-
tious Diseases (Athens, Alexandroupolis, and Patra). Data from routine care patient
charts during the period September 2020 to 28 February 2021 were retrospectively ana-
lyzed. The study was carried out in accordance with the Helsinki Declaration of Human
Rights.

Adults with confirmed SARS-CoV-2 infection and radiological findings of pneu-
monia were included in the study. The patients were treated with remdesivir intrave-
nously for five days (200 mg on Day 1, 100 mg on Days 2, 3, 4, and 5). The analysis in-
cluded: age, gender, comorbidities, usage of immunomodulatory agents, and number of
days after symptom onset for first dosage of remdesivir. Exploratory end points were
duration of hospitalization, time of intubation, and death.
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The statistical analysis of the data was performed using the IBM Statistical Package
for the Social Sciences (SPSS), version 19.0 (IBM Corp., Armonk, NY, USA). The normal-
ity of quantitative variables was tested using the Kolmogorov—-Smirnov test. Normally
distributed quantitative variables were expressed as the mean + standard deviation (SD),
while non-normally distributed quantitative variables were expressed as the median
value and range. Qualitative variables were expressed as absolute and relative (%) fre-
quencies. A receiver operating characteristic curve (ROC) analysis was performed in or-
der to evaluate the optimal cutoff point for the number of days from the symptom onset
until initiation of remdesivir associated with better clinical outcome. Student’s t-test,
Mann-Whithey U test, and chi-square test were used to determine differences in demo-
graphic and clinical characteristics of patients. All tests were two tailed and statistical
significance was considered for p-values < 0.05.

3. Results

Data from 551 patients (335 males, 60.8%) with a median age of 59.97 + 14.538 years
were analyzed. Comorbidities were present in 57.5% of individuals; the most common
comorbidities were hypertension (40.1%), dyslipidemia (27.6%), diabetes mellitus
(20.3%), and coronary disease (11.3%). One comorbidity was documented in 27.6% of
patients, while 30% of patients had two or more comorbidities. Immunomodulatory
agents were added in the treatment of 157 patients (28.5%). The optimal cutoff point for
the number of days needed after symptom onset for drug administration associated with
better clinical outcome was 7 days (Figure 1). The ROC analysis showed that the number
of days with symptoms was a significant predictor for progression to ventilation with
sensitivity 50% and specificity 65%. The results of the study are shown in Table 1.
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Figure 1. Seven days after symptom onset as the optimal time of remdesivir initiation (ROC analy-
sis).
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Table 1. Characteristics and clinical outcome of patients based on time of remdesivir initiation.

Initiation Initiation
Total <7 Days >7 Days p Value

Male gender, n (%) 335 (60.8) 210 (59.8) 125 (62.5) 0.537
Age 59.97 + 14.38 60.40 + 14.93 59.23 +13.34 0.356
Immunomodulators 157 (28.5) 83 (23.6) 74 (37.0) 0.001
Comorbidities 0.145
Hypertension 221 (40.1) 150 (42.7) 71 (35.5) 0.096
Diabetes 112 (20.3) 76 (21.7) 36 (18.0) 0.306
Dyslipidemia 152 (27.6) 103 (29.3) 49 (24.5) 0.221
CVD 62 (11.3) 44 (12.5) 18 (9.0) 0.207

None 234 (42.5) 141 (40.2) 93 (46.5)

One 152 (27.6) 95 (27.1) 57 (28.5)

Two or more 165 (29.9) 115 (32.8) 50 (25.0)
Recovery 496 (90.0) 320 (91.2) 176 (88.0) 0.233
Time to recovery 9 (6-13) 9 (6-12) 9 (6-12.75) 0.370
Intubation 60 (10.9) 30 (8.5) 30 (15.0) 0.019
Time to intubation  10.5 (3.5-14.75) 8.5 (3-12.5) 12 (8.25-17.25) 0.067
Mortality at day 14th 16 (3.7) 10 (3.6) 6(3.8) 0.884
Mortality (overall) 55 (10.0) 31 (8.8) 24 (12.0) 0.233

The percentage of patients who were discharged after COVID-19 hospitalization
was 90% (496 individuals). A higher percentage of discharge was reported for patients
with treatment initiation <7 days (91.2%, 320 out of 351 patients) as compared with those
treated with remdesivir more than seven days after symptom onset (88.0%, 176 out of
200) (p = 0.233). Probability of recovery was 67% higher in patents with treatment initia-
tion <7 days (adjusted odds ratio (aOR) = 1.67, 95% CI 0.91-3.08, p = 0.099) after adjust-
ment for gender, age, comorbidities, and usage of immunomodulatory agents. The like-
lihood of recovery was also higher in females (aOR =1.96, 95% CI 1.01-3.77, p =0.045) and
8% lower for one year increase in age (aOR = 0.92, 95% CI 0.89-0.95, p < 0.001). The me-
dian duration of hospital stay was 9 days for patients who recovered and 20 days for
those who died. The median time for discharge had no significant difference regarding
the time of treatment initiation, <7 or >7 days (9 days vs. 10 days, p=0.084 in all patients; 9
days vs. 9 days, p =0.370 in patients who recovered; 16 days vs. 25 days, p = 0.150 in pa-
tients who died).

Intubation was needed for 60 patients (10.9%). Higher odds of intubation was ob-
served when treatment with remdesivir was started more than 7 days after symptom
onset (aOR =1.88, 95% CI 1.07-3.31, p = 0.028). The probability of intubation was higher in
males (aOR = 1.82, 95% CI 0.98-3.37, p = 0.056) and in patients who were treated with
immunomodulatory agents (aOR = 2.04, 95% CI 1.14-3.65, p =0.016). Death occurred in 55
individuals (10%). Higher odds of death was reported in males (aOR =1.96, 95% CI 1.01-
3.77, p = 0.045). The likelihood of death was 67% higher among patients in whom treat-
ment with remdesivir was initiated more than 7 days after symptom onset (aOR = 1.67,
95% CI 0.91-3.08, p = 0.099). The median duration of hospitalization in patients who re-
covered was significantly lower than in patients who died (9 days (IQR = 6-12 days) vs.
20 days (IQR = 10.75-30 days), p < 0.001). The ROC analysis showed that the optimal
cutoff point for survival was 14.5 days of hospital stay with sensitivity 70.4% and speci-
ficity 84.7% (area under the curve (AUC) = 0.793, p <0.001).

4. Discussion

This is the first study to report experience with remdesivir use in Greece during the
first two pandemic waves. In this retrospective study, a 5-day course of remdesivir initi-
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ated within 7 days after symptom onset was associated with a shorter time to recovery, a
shorter length of hospital stay, and lower mortality rate. Treatment with remdesivir may
have prevented the progression to more severe respiratory disease, as shown by the
lower likelihood of intubation eventually in patients receiving low-flow oxygen.

Our data were in line with the ACTT-1 randomixed clinical trial, which in a total of
1062 patients showed that patients treated with remdesivir had a median recovery time
of 10 days (95% CI 9-11) as compared with 15 days (95% CI 13-18) among those who
received placebo (rate ratio for recovery, 1.29 and 95% CI 1.12-1.49) [8]. The mortality
was 6.7% with remdesivir and 11.9% with placebo by Day 15 and 11.4% with remdesivir
and 15.2% with placebo by Day 29 (hazard ratio (HR), 0.73 and 95% CI 0.52-1.03) [8].
Nevertheless, some conflicting results for the clinical efficacy of remdesivir were re-
ported afterwards. The DisCoVeRy, a phase 3, open-label, adaptive, multicentre, ran-
domized, controlled trial conducted in 48 sites in Europe evaluating the clinical efficacy
of remdesivir plus standard of care as compared with standard of care alone in hospi-
talized patients with oxygen or ventilator support, showed no association of remdesivir
with a better clinical outcome at Days 15 and 29 nor with a shorter time for viral clearance
[20]. Similar findings were reported in the interim results of the WHO Solidarity trial [21].
However, further accumulating data from clinical trials and real life argue clearly for a
beneficial role of remdesivir in the treatment of COVID-19 pneumonia, showing an as-
sociation with clinical improvement and increased chance of recovery along with re-
duced disease progression and mortality [22-25]. Remdesivir was associated with sig-
nificantly higher rates of recovery at Day 14 (aOR = 2.03, 95% CI 1.34-3.08, p < 0.001), in-
creasing chance of hospital discharge but also decreasing all-cause mortality in a re-
al-world retrospective cohort including Belgium, Germany, and Hong Kong during the
first pandemic wave [23]. However, the benefits did not extend to every subgroup,
mainly driven by patients with low-flow oxygen [23].Time to clinical improvement was
shorter with the use of remdesivir in a retrospective cohort involving several sites in the
USA [22]. RDV was associated with a statistically significant increase in the likelihood of
clinical improvement, a benefit also driven primarily by patients on no or low-flow ox-
ygen [22]. RDV was associated with a 22% statistically significant faster recovery vs. a
control between hospital Day 9 and Day 28; however, the chance of recovery varied with
time in a British cohort [26]. A Korean cohort revealed significantly greater viral load
reduction in the upper respiratory tract with RDV vs. supportive care, while progression
to MV by Day 28 was significantly lower and MV duration significantly shorter with
RDV vs. supportive care [25]. The benefits of early treatment have been previously noted
in various settings [26-28]. Earlier remdesivir administration lowered all-cause mortality
in a U.S. retrospective cohort involving 190,529 patients with mild to severe COVID-19
pneumonia [27]. Spanish data confirmed previous observations that RDV was associated
with a survival benefit that increased with shorter duration of symptoms before admis-
sion [28,29]. Pre-admission symptom durations of 4—6 days and <3 days were associated
with a 1.5- and 2.5-fold increases in the 30-day mortality rate, respectively, as compared
with >6 days, while RDV treatment was independently associated with a lower mortality
rate (OR 0.38, 95% CI 0.22, 0.67) [28,29]. Data were similar to those of Asian and U.S. co-
horts, reporting early RDV treatment was also associated with a significantly shorter
length of hospital stay (difference, 2.56 days; 95% CI —4.86, —0.26; p = 0.029) [16,30]. This is
not surprising taking into consideration its mechanism of action, underlining its use early
in the course of the disease, when viral replication is dominating, rather than later stages
of systemic inflammatory response [3,4,14].

It seems that access to early treatment is an important component of successful
management of COVID-19. Early reports of high mortality were undoubtedly associated
with overwhelmed health systems and patients waiting at home for prolonged periods
before hospital admission [31]. The centers participating in the analysis have never ex-
perienced patient overflows due to adequate local population/hospital bed ratios and a
lack of a bottleneck effect on admission decisions. The areas covered by the two regional
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University Hospitals of Alexandroupolis and Patra did not experience any bed shortage
during the first two pandemic waves, whereas, for the third center serving Athens Met-
ropolitan area, the method of rotating service ensured that there was adequate bed
availability [32,33]. Despite the on-off pattern of other Greek centers according to the na-
tional policy for expanding COVID-19 beds according to the flow of the pandemic, it is
noteworthy that all three participating centers of this study were implicated in the
COVID-19 response without interruption, from the very first day of the pandemic, a fact
that might have contributed to the early adoption of evolving beneficial supportive
treatments to patients with COVID-19.

Based on the above, we believe that this retrospective study allowed us to shed light
on early treatment with remdesivir in patients with COVID-19 pneumonia under mini-
mal stress of the healthcare system, and thus, elucidate a clear beneficial effect. We
strongly believe that analysis of local data is very important in decisions affecting public
health and can guide local authorities to adopt strategies with high probabilities of fa-
vorable cost/benefit ratios. It is worth mentioning that interpretation of the literature has
produced significant variations in the recommendation of treatment with remdesivir in
patients with mild COVID-19 pneumonia [11-13].

Our National Therapeutic Algorithm for the treatment of inpatients with COVID-19,
in the most recent version of 14 February 2022, has adopted a strategy similar to the NIH
guidelines, recommending remdesivir in all inpatients without need of oxygen if they are
at increased risk for severe disease, in all inpatients with low-flow oxygen need, and in all
patients on non-invasive ventilation or high-flow nasal canula (in combination with
dexamethasone +/— immunomodulators) [34]. Finally, remdesivir (in combination with
dexamethasone +/- immunomodulators) is recommended for mechanically ventilated
patients if it was already started before intubation and only for a total of five days. In all
cases, remdesivir is recommended only within the first seven days from COVID-19
symptom onset [34]. We believe that the results of the current study clearly support the
national algorithm and it is the first study that provides data in support of the National
COVID-19 treatment strategy with the use of real-world data.

The limitations of the study include its retrospective character, the small number of
patients, and the absence of a control group with another therapeutic regimen

5. Conclusions

In conclusion, based on published data, remdesivir was associated with better clin-
ical outcome and shorter period of recovery. Our study has demonstrated the signifi-
cance of early treatment with remdesivir (<7 days from COVID19 symptom onset) in
order to achieve reduced rates of intubation and mortality and higher probability of
discharge. Our data fully support the decisions that were taken by the National Com-
mittee on the response to COVID-19 pandemic and the therapeutic algorithm that was
adopted.
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