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Background: The use of remdesivir has demonstrated a significant reduction in the time to recovery in patients
with COVID-19. However, the impact on mortality is still controversial. Therefore, it is necessary to evaluate
whether there is a specific subgroup of patients in whom an active antiviral therapy also reduces the mortality.

Methods: Patients admitted for >48 h in our hospital for a SARS-CoV-2 confirmed or suspected infection from
February 2020 to February 2021 were retrospectively analysed. The primary outcome of the study was mortality
at 30 days. Univariate and multivariate analyses were performed to identify predictors of mortality.

Results: In total, 2607 patients (438 receiving remdesivir and 2169 not) were included with a median (IQR) age
of 65 (54-77) years and 58% were male. Four hundred and seventy-six were admitted to the ICU (18.3%)
and 264 required invasive mechanical ventilation (10.1%). The global 30day mortality rate was 10.7%.
Pre-admission symptom duration of 4-6 days and <3 days was associated with a 1.5- and 2.5-fold increase in
the mortality rate, respectively, in comparison with >6 days and treatment with remdesivir was independently
associated with a lower mortality rate (OR=0.382, 95% CI=0.218-0.671). The analysis showed that the major
difference was among patients with shorter pre-admission symptom duration (<6 days).

Conclusions: Patients with <3 days and 4-6 days from symptom onset to admission are associated with a 2.5-
and 1.5-fold higher risk of death, respectively. Remdesivir was associated with 62% reduced odds of death versus
standard-of-care and its survival benefit increased with shorter duration of symptoms.

Introduction patients that require hospitalization, both the rate of ICU admis-
sion and mortality are around 20%.°™* On 1 May 2020, remdesivir
received FDA emergency use authorization for hospitalized
patients with COVID-19 and was officially approved on 22 October
2020 and received a conditional marketing authorization valid
throughout the EU on 3 July 2020. Initial clinical trials using a con-
trol arm demonstrated the superiority of remdesivir in terms of
clinical status improvement at day 28° or at day 11;° however,

Up to April 2021, more than 140 million cases of severe acute re-
spiratory syndrome coronavirus 2 (SARS-CoV-2) infection had been
detected around the world with more than 3 million related
deaths. A recent analysis of 44415 confirmed cases in China
described that 81% were asymptomatic or mild, 14% were severe
and 5% were critical with an overall mortality of 2.3%." Among
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initial clinical trials performed in China’ and the Solidarity trial® did
not find benefit in either clinical improvement or mortality.
Different outcomes and the potential influence of when remdesivir
was administered after symptom onset could explain the appar-
ently controversial results in the aforementioned trials.

Recent data showed that, in patients admitted for COVID-19,
both a shorter time since the onset of symptoms to testing and
a lower cycle threshold (Ct) value of real-time RT-PCR (rRT-PCR)
at admission (meaning high viral load) are independent predic-
tors of mortality.” The highest mortality rate was observed in
those patients with <3 days from symptom onset to test. The
ACTT-1 trial randomized patients to remdesivir versus placebo
and the subgroup analysis demonstrated that the major
benefit, in terms of time to recovery, was observed in patients
with <10 days from symptom onset to remdesivir.” In addition,
in Supplementary Material, the authors showed that the major
difference in time to recovery was observed in those
with <6days from symptom onset (10days versus 24days,
HR=1.92). However, the potential impact of remdesivir on the
mortality rate according to the length of pre-admission symp-
tom duration is not known.

The aim of our study was to retrospectively evaluate the
outcome of COVID-19 patients admitted to our hospital
from February 2020 to January 2021 and to define the impact of
remdesivir administration on the mortality rate according to pre-
admission symptom duration.

Methods
Study design and patients

This observational cohort study was performed at Hospital Clinic of
Barcelona (Spain), a 700 bed university centre that provides care for an
urban population of 500000 adults. All patients admitted for >48h
with COVID-19 confirmed by rRT-PCR performed on nasopharyngeal
throat swabs or a clinical picture highly suggestive of COVID-19 be-
tween 18 February 2020 and 24 February 2021 were included. Deaths
that occurred within the first 48h were included in the analysis.
The Institutional Ethics Committee of Hospital Clinic of Barcelona
approved the study and, due to the nature of the retrospective data re-
view, waived the need for informed consent from individual patients
(HCB/2020/0273).

From February 2020 to June 2020, patients receiving remdesivir were
those included in two clinical trials. From July 2020, remdesivir treatment
had to be approved by the Spanish Agency of Drugs and Health Products.
Criteria to prescribe remdesivir included hospitalized patients with severe
pneumonia due to SARS-CoV-2 documented by rRT-PCR, serology or anti-
gen test and all of the following characteristics: (i) aged >12 years and
>40kg; (i) need of supplemental low-flow oxygen; (ii) <7 days from symp-
tom onset to remdesivir prescription; and (iv) met at least two of these
three criteria: respiratory rate >24 breaths per min (bpm), oxygen satur-
ation at ambient air <94% or Pa0,/Fi0, <300 mmHg. Exclusion criteria
included requirement of supplemental high-flow oxygen, mechanical ven-
tilation, vasoactive drugs, extracorporeal membrane oxygenation or fulfill-
ing the criteria for multiorgan failure at the moment of prescription.
Contraindications included AST and ALT >5 times the normal range values,
glomerular filtration <30mL/min, haemodialysis or peritoneal dialysis.
Exceptionally, some patients not fulfilling these criteria received remdesivir
because the physician in charge considered it necessary due to comorbidity,
severity or other criteria. The duration of remdesivir treatment in our institu-
tional protocol was 5 days.

Data collection

Data were retrospectively collected for all patients included in the study
from the electronic health records (EHRs). An intelligent system was used
to retrieve the high-quality data from EHRs (SILDv1.0 system, S34M®) as
previously described.'® Variables included were age, sex, pre-admission
duration of symptoms in days, comorbidities (hypertension, chronic heart
disease, diabetes mellitus, chronic liver disease, chronic kidney disease,
chronic obstructive pulmonary disease, haematological neoplasia and solid
neoplasia), respiratory rate and ambient air arterial oxygen saturation
(Sa0,) measured with a pulse oximeter at admission, creatinine, lympho-
cyte count, C-reactive protein and lactate dehydrogenase within the first
24 h from hospital admission. Information on the need of ICU admission
and invasive mechanical ventilation was gathered and information on
treatment with remdesivir and the use of steroids or tocilizumab within the
first 3 days from admission was also gathered. The primary endpoint was
mortality at 30days.

Statistical analysis

Categorical variables were described using the absolute number and per-
centage and continuous variables were dichotomized according to the me-
dian. Categorical variables were compared using a % test or Fisher’s exact
test when necessary. The cumulative probability of dying within 30days
after hospital admission by pre-admission duration of symptoms is shown
using a Kaplan-Meier plot and the differences were evaluated using the
Log Rank test. For multivariable analysis, variables with a P value <0.05 in
the univariable analysis were subjected to further selection by using a for-
ward logistic regression method. Interactions between remdesivir and
other variables were explored. The calibration of the model was assessed
by means of the Hosmer-Lemeshow goodness-of-fit test and the area
under the receiver operating characteristic (ROC) curve was used to meas-
ure the predictive ability of the model. Statistical significance was defined
as a two-tailed P value <0.05. The propensity score (PS) to define the char-
acteristics of patients that received remdesivir was calculated using a multi-
variate analysis with remdesivir as the dependent variable (results provided
in the Supplementary data available at JAC Online). The analysis was per-
formed in SPSS version 26 (SPSS Inc., Chicago, IL, USA).

Results

The population evaluated (n=2607) is shown in Figure 1. The
median (IQR) age was 65 (54-77) years and 58% were male. The
median (IQR) pre-admission duration of symptoms was 7 (4-9)

3216 patients admited for
248 h with COVID-19

609 patients had no
information about pre- |
admission symptom duration

2169 patients did not receive
remdesivir

438 patients received
remdesivir

Figure 1. Flowchart of the population selected for the analysis.
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Figure 2. Mortality rate at 30 days by remdesivir treatment and the pre-test duration of symptoms (proportion comparisons using y? test).

days. The most common comorbidities were hypertension
(45.8%), chronic heart disease (24.4%), chronic pulmonary disease
(24.2%), diabetes mellitus (11.4%), solid neoplasia (14.2%) and
chronic renal failure (12.3%). A total of 476 patients were admitted
to the ICU (18.3%) and 264 required invasive mechanical ventila-
tion (10.1%). The global 30day mortality rate was 10.7%; 4.3%
among those that received remdesivir (19 out of 438) and 12%
among those who did not receive remdesivir (260 out of 2169,
P<0.001). The corresponding rates for patients receiving or not
receiving remdesivir stratified by pre-admission symptom duration
are depicted in Figure 2. The major difference was observed in
patients with a short duration of symptoms, 6.6% versus 23%,
respectively, for <3 days and 3.3% versus 11.9%, respectively, for
4-6days (P=0.001 for both comparisons). There was a trend
among patients with pre-admission duration of symptoms
>6days, but the difference was not statistically significant (3.7%
versus 7.8%, respectively, P=0.085).

Variables associated with 30day mortality are shown in
Table 1. Age, comorbidities (chronic heart disease, hypertension,
diabetes mellitus, chronic renal failure, chronic pulmonary disease,
haematological malignancies and solid neoplasm), pre-admission
symptom duration (Figure 3), respiratory failure at admission (re-
spiratory rate >21 bpm and Sa0, <94%), absence of fever and the
need of invasive mechanical ventilation were significantly associ-
ated with mortality. Among biochemical parameters, high serum
concentrations of creatinine, lactate dehydrogenase and C-react-
ive protein, as well as lymphopenia, were also associated with a
higher mortality rate. Treatment with remdesivir appeared as the
only protective factor. Independent factors associated with mor-
tality are depicted in Table 2. Our analysis showed the importance
of pre-admission duration of symptoms, showing a 1.5- and 2.5-
fold increase in the mortality rate in those with 4-6days and
<3days, respectively, compared with those with >6days. As
expected, age, renal failure, lymphopenia and C-reactive protein

were also independent predictors of mortality. After adjusting for
all these variables, remdesivir remained as an independent pro-
tective factor (OR=0.382, 95% CI=0.218-0.671). Similar results
were obtained using the variable duration of symptoms as a con-
tinuous one in the multivariate model instead of its categorization.
The goodness-of-fit of the model was assessed with the Hosmer-
Lemeshow test (P>0.05) and the area under the ROC curve was
0.869 (95% CI=0.845-0.892, P=0.0001), showing a good ability
to predict mortality at 30 days. The addition of the PS for remdesivir
(Table S1 and Table S2, available as Supplementary data at JAC
Online) did not significantly change the results of the multivariate
analysis (Table S3).

Discussion

To the best of our knowledge, this is the first report assessing the
mortality rate of COVID-19 patients receiving or not receiving
remdesivir according to the pre-admission duration of symptoms.
Our results show a low mortality rate (4.3% versus 12%, respect-
ively) in hospitalized patients receiving remdesivir. This result is in
line with that reported in the ACTT-1 study that randomized
patients to remdesivir or placebo.” Our patients mainly correspond
to those in the ACTT-1 study with a baseline ordinal score of 5
(hospitalized patients requiring supplemental oxygen) who had a
mortality rate of 4% in the remdesivir arm versus 12.7% in the con-
trol arm, perfectly matching with our results. The primary endpoint
of the ACTT-1 study was the time to recovery and the authors
showed that the major difference was observed in patients with
<6days of symptoms; however, the impact on the mortality
rate was not reported. Our results also match with those from a
comparative study between patients included in a Phase 3,
randomized, open-label trial where patients with severe COVID-19
received remdesivir'' and a parallel study in centres where remde-
sivir was not available and the authors selected patients with
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Table 1. Variables associated with 30 day mortality

Variable Alive (N=2328) Died (N=279) P
Age >66 years, n (%) 963 (41.5) 251 (90) 0.001
Male, n (%) 1339 (57.8) 167 (59.9) 0.522
Hypertension, n (%) 998 (42.9) 196 (80.3) 0.001
Diabetes mellitus, n (%) 423(18.2) 84 (30.1) 0.001
Chronic heart disease, n (%) 487 (20.9) 150 (53.8) 0.001
Chronic pulmonary disease, n (%) 541 (23.2) 89(31.9) 0.002
Chronic renal failure, n (%) 201 (8.6) 97 (34.8) 0.001
Liver disease, n (%) 156 (6.7) 17 (6.1) 0.799
Haematological malignancy, n (%) 136 (5.8) 32(11.5) 0.001
Solid neoplasm, n (%) 306 (13.1) 65 (23.3) 0.001
Solid organ transplantation, n (%) 45 (1.9) 9(3.2) 0.177
HIV, n (%) 34 (1.5) 5(1.8) 0.602
Pre-admission duration of symptoms, n (%)

<3 days of symptoms 464 (19.9) 113 (40.5) 0.001

4-6 days of symptoms 629 (27) 67 (24) 0.001

>6 days of symptoms 1235 (53) 9(35.5) 0.001
Temperature >37°C (N=2554), n (%) 1184 (51.4) 104 (41.4) 0.003
Respiratory rate >21 bpm at day 1-2 (N=2128), n (%) 891 (46.7) 168 (76.7) 0.001
Oxygen saturation <94% (N=2546), n (%) 1203 (52.4) 188 (74.9) 0.001
Creatinine >0.92 mg/dL (N=2593), n (%) 1017 (43.9) 211 (77) 0.001
Lactate dehydrogenase >305 U/L (N=2524), n (%) 1096 (48.4) 171 (66.3) 0.001
Lymphocyte count <800 cells/mm? (N=2593), n (%) 1127 (48.6) 182 (66.4) 0.001
C-reactive protein >7.52 mg/dL (N=2590), n (%) 1127 (48.7) 198 (72.3) 0.001
Remdesivir, n (%) 419 (18) 19 (6.8) 0.001
Tocilizumab within 3 days, n (%) 140 (6) 18 (6.5) 0.790
Corticosteroids within 3 days, n (%) 264 (11.3) 27 (9.7) 0.481
ICU admission, n (%) 415 (17.8) 61(21.9) 0.101
Invasive mechanical ventilation, n (%) 214 (9.2) 50(17.9) 0.001

similar characteristics.? The mortality rate at 14 days was 7.6%
versus 12.5%, respectively, with a 62% reduction in the odds of
death versus standard-of-care treatment that corresponds to
the same benefit observed in our study (OR=0.382, 95%
C1=0.218-0.671).

The viral load in infections caused by respiratory viruses, includ-
ing SARS-CoV-2, achieves peak levels at the moment of symptom
onset® and from here the immune system, mainly mediated by
type I IFN production, progressively controls viral replication.*
Data from a clinical trial to evaluate the efficacy of a neutralizing
monoclonal antibody against SARS-CoV-2 including patients with
mild or moderate COVID-19 demonstrated that those requiring
hospital admission poorly control viral replication.'® Several mech-
anisms explain why SARS-CoV-2 evades a type I IFN response,
including self-proteins that interfere with IFN activity,'**® auto-
antibodies against type I IFN or inborn errors of type I IFN'® that
finally define a pattern of progression to severe disease character-
ized by low serum levels of type I IFN and a high viral load.”®
Indeed, an animal model and three clinical trials (two with inhaled
preparations) using IFN at early stages demonstrated clinical and
virological improvements.?*~2* Accordingly, the Ct of rRT-PCR, as a
surrogate marker of the viral load, has been associated with a
higher mortality rate in a large cohort of patients.? It is reasonable

to hypothesize that patients with less viral replication control
trigger a more potent and earlier inflammatory response leading
to a higher mortality. Indeed, recent data support this concept by
demonstrating that both the shorter duration of symptoms prior
to testing (<3 days) and a high viral load were associated with a
higher mortality.” Unfortunately, we don’t have data about the
viral load, but our results confirm that <3days and 4-6days
from symptom onset to admission are associated with a 2.5- and
1.5-fold higher risk of death, respectively.

Remdesivir is an inhibitor of RNA-dependent RNA polymerase of
SARS-CoV-2 with an ECsg of 1.65 uM when measured in Vero6 cells,
but 0.01 uM when the analysis is done using human respiratory
cells, due to the low capacity of Vero6 cells to metabolize remdesi-
vir.?® In addition, animal models have demonstrated the capacity
of remdesivir to reduce the viral load compared with a control.2%27
However, clinical trials showed apparently contradictory
results®”#%8 and only one study that evaluated the dynamics of
viral load did not show benefit in the remdesivir arm.” Our study
shows that the beneficial effect of remdesivir is linked to the num-
ber of days from symptom onset. The shorter the pre-admission
duration of symptoms the higher the difference in the mortality
rate between patients receiving or not receiving remdesivir
(Figure 2) that probably represents the subpopulation in whom the
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Figure 3. One minus the cumulative probability of survival by remdesivir treatment. (a) Patients with pre-admission duration of symptoms <3 days.
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expected viral load is higher and the type I IFN production lower.
The lack of information on the duration of symptoms prior to ad-
mission in the Solidarity trial does not allow us to rule out that
most of the patients would have had >6days of symptoms
explaining the negative results. In the case of the Chinese trial ,
the median number of days from symptom onset was 11 and 19%
of the patients included in the study had undetectable viral RNA on
the nasopharyngeal swab taken at baseline and so probably did
not capture the population that benefits the most from remdesivir
treatment.

The main limitation of our study is its retrospective design; how-
ever, this is a unicentric study with a common protocol for the
management of patients with severe COVID-19. The second limi-
tation is the lack of information about the viral load to better define
the efficacy of remdesivir, but unfortunately the Ct of rRT-PCR was

not available from the EHRs. The third limitation is the lack of chest
X-ray data, but pneumonia is almost universal in patients admitted
due to COVID-19 although the extension of the lung infiltrates
could not be assessed. Finally, we don’t have data about potential
adverse events associated with remdesivir administration.

In conclusion, <3 days and 4-6days from symptom onset to
admission are associated with a 2.5- and 1.5-fold higher risk
of death, respectively. Remdesivir was associated with 62%
reduced odds of death versus standard-of-care treatment, but the
difference was observed mainly among patients with <6 days of
symptoms before being admitted to the hospital. In the future, the
impact of baseline viral load should be incorporated in the analysis
of remdesivir efficacy and, together with the duration of symp-
toms prior to hospital admission, both should be included to
design future trials involving antivirals.
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Table 2. Independent predictors associated with 30 day mortality

Variable OR (95% CI) P
Age >66 years 8.763 (5.232-14.676) 0.001
Chronic renal failure 2.442 (1.622-3.677) 0.001
Pre-admission duration

of symptoms

>6days 1 -

4-6days 1.588 (1.042-2.422) 0.031

<3days 2.587(1.722-3.887) 0.001
Oxygen saturation <94% 1.631(1.108-2.398) 0.013
Respiratory rate >21 bpm 3.068 (2.080-4.525) 0.001
Mechanical ventilation 1.820(1.170-2.829) 0.008
Creatinine >0.92 mg/dL 1.803 (1.208-2.693) 0.004
Lymphocyte count <800 cells/mm?> 1.650 (1.156-2.358) 0.006
C-reactive protein >7.52 mg/dL 1.956 (1.353-2.828) 0.001
Remdesivir 0.382(0.218-0.671) 0.001
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