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ABSTRACT

Introduction: Remdesivir is a registered treat-
ment for hospitalised patients with COVID-19
that has moderate clinical effectiveness. Anec-
dotally, some patients’ respiratory insufficiency

seemed to recover particularly rapidly after ini-
tiation of remdesivir. In this study, we investi-
gated if this rapid improvement was caused by
remdesivir, and which patient characteristics
might predict a rapid clinical improvement in
response to remdesivir.
Methods: This was a multicentre observational
cohort study of hospitalised patients with
COVID-19 who required supplemental oxygen
and were treated with dexamethasone. Rapid
clinical improvement in response to treatment
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was defined by a reduction of at least 1 L of
supplemental oxygen per minute or discharge
from the hospital within 72 h after admission.
Inverse probability of treatment-weighted
logistic regression modelling was used to assess
the association between remdesivir and rapid
clinical improvement. Secondary endpoints
included in-hospital mortality, ICU admission
rate and hospitalisation duration.
Results: Of 871 patients included, 445 were
treated with remdesivir. There was no influence
of remdesivir on the occurrence of rapid clinical
improvement (62% vs 61% OR 1.05, 95% CI
0.79–1.40; p = 0.76). The in-hospital mortality
was lower (14.7% vs 19.8% OR 0.70, 95% CI
0.48–1.02; p = 0.06) for the remdesivir-treated
patients. Rapid clinical improvement occurred
more often in patients with low C-reactive
protein (B 75 mg/L) and short duration of
symptoms prior to hospitalisation (\7 days)
(OR 2.84, 95% CI 1.07–7.56).
Conclusion: Remdesivir generally does not
increase the incidence of rapid clinical
improvement in hospitalised patients with
COVID-19, but it might have an effect in
patients with short duration of symptoms and
limited signs of systemic inflammation.

Keywords: Remdesivir; COVID-19; Hospital-
ized patients; Rapid clinical improvement

Key Summary Points

Why carry out the study?

We investigated if rapid improvement in
hospitalized patients with COVID-19 was
caused by remdesivir, and which patient
characteristics predict rapid clinical
improvement in response to remdesivir.

What was learned from the study?

Remdesivir generally does not increase the
incidence of rapid clinical improvement
in hospitalised patients with COVID-19.

Remdesivir might have an effect on rapid
clinical improvement in patients with
short duration of symptoms and limited
signs of systemic inflammation.

Remdesivir might have an effect on in-
hospital mortality.

INTRODUCTION

Remdesivir was granted conditional marketing
authorization for coronavirus disease 2019
(COVID-19) in June 2020. In guidelines world-
wide, it is currently recommended as treatment
for hospitalised patients requiring supplemental
oxygen [1–3]. Despite 2 years of use, there is still
controversy about the clinical effectiveness and
the optimal timing of remdesivir for treatment
of hospitalised patients with COVID-19. Ran-
domised controlled trials showed an effect on
mortality and progression of disease, but these
effects were moderate, and the number needed
to treat remained large [4–6]. Despite the mod-
erate overall effect of remdesivir in hospitalised
patients with COVID-19, there might be sub-
groups of patients who benefit more than this
average effect.

Remdesivir is an adenosine analogue pro-
drug and after extensive metabolism works by
incorporation into viral RNA where it causes
chain termination, resulting in the inhibition of
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viral replication [7]. The effect of remdesivir is
therefore, from the pharmacological point of
view, maximal during the viral replication
phase of COVID-19 [7]. After viral replication an
ongoing inflammatory response is likely to
cause pulmonary damage and morbidity in
affected patients [8]. When inflammation is the
primary driver of disease, not antivirals but
other drugs like corticosteroids, Jak inhibitors or
interleukin-6 antagonists are likely more bene-
ficial as has been shown in multiple studies
[9–11]. Patient characteristics and biomarkers
predicting active viral replication are therefore
of importance in determining the window of
opportunity for remdesivir as active antiviral
therapy.

Worldwide, clinicians have reported on cases
of individuals with an extraordinary quick
clinical recovery during remdesivir therapy
[12–16]. Studies explicitly aimed at exploring
the phenomenon of such rapid response to
remdesivir are unavailable, despite the antiviral
working mechanism and pharmacological pro-
file of remdesivir providing a rationale for an
early response [7, 14]. Exploring the character-
istics of the patients with rapid clinical
improvement could aid in selecting the optimal
population for remdesivir treatment in hospi-
talised patients.

In the Netherlands, the national COVID-19
guideline changed over time from weak rec-
ommendation to discommend the use of
remdesivir in hospitalised patients with COVID-
19. However, differences between Dutch hospi-
tal practices remained, ranging from no to
standard remdesivir treatment. As prescription
of remdesivir was dependent on the date of
hospitalisation and the local hospital treatment
policy, this created a unique opportunity to
evaluate the benefit of remdesivir in daily clin-
ical practice. We performed a multicentre
observational cohort study investigating if
remdesivir resulted in an increased incidence of
rapid clinical improvement, and which patient
characteristics are associated with rapid clinical
improvement associated with remdesivir
treatment.

METHODS

Study Design and Setting

This was a multicentre retrospective observa-
tional cohort study performed in three teaching
hospitals and one university hospital in the
Leiden–Hague region, the Netherlands. The
study was conducted in compliance with the
Declaration of Helsinki and was approved by
the COVID-19 Scientific and Ethics Committee
for observational studies of the Leiden Univer-
sity Medical Centre and local scientific boards
of the participating hospitals. Given the
extraordinary nature of the COVID-19 pan-
demic, the ethics committee waived the need
for informed consent for this study that used
pseudonymised data based on routinely col-
lected information.

Study Population

The study population consisted of patients who
were diagnosed with severe COVID-19 and
hospitalised within 7 days after registration of
the diagnosis. Diagnosis was based on a positive
reverse transcription polymerase chain reaction
(RT-PCR) for SARS-CoV-2 or, in case no RT-PCR
result was available, on a registered COVID-19
diagnosis code or notification of verified
COVID-19 in the electronic patient file. To be
included, patients needed to be hospitalised for
at least 24 h between 1 March 2020 and 1 March
2021, to require at least 1 L/min of supplemen-
tal oxygen at any point during the 24 h after
presentation to the hospital and to be treated
with dexamethasone. Dexamethasone was
chosen as an inclusion criterion because this is
currently recommended as standard treatment
for severe COVID-19 [1]. Patients were excluded
if they were admitted from or transferred to
another hospital within 72 h after presentation.
Also, patients who were admitted to the ICU or
died within 24 h after hospital admission were
excluded.
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Exposure

All patients receiving at least one dose of
remdesivir within 24 h after admission to the
hospital were included into the remdesivir
group. The standard dosing regimen for
remdesivir was a loading dose of 200 mg fol-
lowed by 4 days of 100 mg daily. In some cases,
this was extended to a total of 10 days. Whether
a patient received remdesivir was mainly
dependent on the location of treatment (due to
changes between hospital treatment protocols),
the period of presentation (local treatment
protocols changed over time) and availability of
remdesivir (e.g. scarcity).

Outcomes

The primary endpoint was rapid clinical
improvement defined as clinical improvement
between 24 and 72 h after hospitalisation.
Clinical improvement was defined by a decrease
in supplemental oxygen requirement of at least
1 L/min or discharge from the hospital alive
excluding those who were discharged for hos-
pice care which was considered as ‘no relief of
symptoms’. Patients with an increase in oxygen
requirement compared to baseline, admission
to the ICU and in-hospital death by any cause
were considered to have no rapid clinical
improvement. Secondary endpoints were in-
hospital mortality, ICU admissions and dura-
tion of hospitalisation.

Data Sources

All data were collected during routine practice
and extracted from patients’ electronic hospital
records using a natural language processing tool
and Clinical Data Collector (CTcue B.V., Ams-
terdam, the Netherlands) [17]. The results col-
lected with automatic text mining from
unstructured text in the patient files were
compared to manual review within a sample of
the population.

Statistical Analysis

All analyses were performed using R (version
4.0.3). Descriptive statistics, continuous vari-
ables were presented as means and standard
deviation or as medians with interquartile
range, and categorical variables were presented
as numbers and percentages. Missing data were
imputed 30 times using multiple imputation by
chained equations.

Because of the non-random assignment to
treatment with remdesivir and thereby poten-
tial confounding by indication, the propensity
score of receiving remdesivir was estimated
using binary logistic regression analysis. Vari-
ables that were included in the propensity score
(PS) model were chosen on the basis of clinical
experience and were expected to either influ-
ence the probability of prescription of remde-
sivir or were expected to be associated with the
primary outcome. The following variables were
selected: age, duration of complaints prior to
admission, admission quartile, registered limi-
tation of treatment effort, baseline supplemen-
tal oxygen requirement, renal function tests
(estimated glomerular filtration rate (eGFR)
calculated using the CKD-EPI creatinine equa-
tion, creatinine, urea), laboratory tests (alanine
aminotransferase (ALT), bilirubin, lymphocyte
count, C-reactive protein (CRP), creatine
kinase), renal transplantation and chronic renal
disease. Inverse probability of treatment
weighting (IPTW) using the PS was performed
to correct for confounder imbalances and create
a pseudo population for analysis, in which
potential confounding variables were balanced
between treatment groups. Weights were trun-
cated at the 1st and 99th percentiles of the
observed PS weighting distribution to minimize
the impact of extreme weights. The treated and
untreated group were considered balanced if the
standardised mean difference (SMD) of any
clinically relevant parameters was less than
10%.

Within the weighted pseudo population,
logistic regression analysis without inclusion of

2474 Infect Dis Ther (2023) 12:2471–2484



covariates was performed to estimate the effect
of remdesivir on rapid clinical improvement.
Odds ratios for the secondary outcomes mor-
tality and ICU admission were also estimated
using logistic regression analysis. Time to dis-
charge was analysed using Cox regression
modelling and presented as hazards ratio. All
analyses were performed separately within each
imputed dataset and results were pooled using
Rubin’s rules.

Subgroup Analysis

To explore patient characteristics that might
influence the association between remdesivir
and rapid clinical improvement, several
post hoc subgroup analyses were performed.
These were CRP (B 75 mg/L and [75 mg/L),
based on the cut-ff criterion used for systemic
inflammation in the RECOVERY trial [9]. Days
of complaints prior to admission (\7 days and
C 7 days), the same interval as used for remde-
sivir in outpatients in the PINETREE study [18].
Baseline supplemental oxygen requirement
(1–4 L/min, 4–12 L/min and C 12 L/min), age
(\60 years, 60–75 years and C 75 years), and a
combination of CRP and days of complaints
prior to admission (\ 7 days and CRP B 75 mg/
L). The last one was used to explore the com-
bination of two measurements that could pre-
dict the viral replication phase in COVID-19.
Logistic regression analyses with interaction
terms were used to explore effect modification
and thereby the subgroup effect; all performed
subgroup analyses were reported in the
manuscript.

Sensitivity Analysis

Three sensitivity analyses were performed. The
first, to establish the robustness of the con-
founder correction with IPTW analysis, a sec-
ond analysis using logistic regression modelling
with traditional correction for confounders was
performed. The selected confounders were the
same variables as included in the analysis with
IPTW. Second, a sensitivity analysis also
including patients who did not receive dexam-
ethasone as COVID-19 treatment was

performed. These patients were not included in
the main analysis but added to the corre-
sponding groups based on the prescription of
remdesivir. Third, we performed the primary
analysis, but only a reduction of more than 2 L/
min in supplemental oxygen requirement was
considered rapid clinical improvement.

RESULTS

Population

In total, 3365 patients were treated for COVID-
19 during the study period; 871 of those met the
study eligibility criteria, 445 of whom were
treated with remdesivir and 426 were not.
Inclusion and exclusion of the patients are
presented in the flowchart in Fig. 1. Details on
percentages missing data are visualised in sup-
plementary Fig. 1.

The median age was 70 years; 531 (61%) were
male. The most frequent comorbidities were
hypertension (27%) and diabetes mellitus
(22%). Median oxygen requirement at baseline
was 4 L/min (IQR 2–10) and the median dura-
tion of complaints prior to admission was
8.9 days (IQR 6.1–11). The median duration of
remdesivir therapy was 4 days (IQR 3–5). Patient
characteristics before and after IPTW are
described in Table 1. Following IPTW, all vari-
ables were balanced across treatment groups
(i.e., SMD\0.1), except for haemoglobin con-
centration and diastolic blood pressure (see
Love plot in supplementary Fig. 2).

Outcomes

Rapid clinical improvement occurred in 540
patients (62%) in the unweighted population;
209 patients (24%) were discharged from the
hospital within 72 h and 331 (38%) were still
hospitalised but required less oxygen; 235 (27%)
patients were still on the general ward but
required more oxygen suppletion, 52 (6.0%)
were admitted to the ICU and 47 (5.4%) died
within 72 h. Differences in patient characteris-
tics between patients with and without rapid
clinical improvement are presented in

Infect Dis Ther (2023) 12:2471–2484 2475



supplementary Table 1. After adjustment with
IPTW there was no association between
remdesivir and rapid clinical improvement in
the entire population (62% vs 61% OR 1.05,
95% CI 0.79–1.40; p = 0.76).

The in-hospital mortality was lower in the
remdesivir-treated group (14.6% vs 19.8% OR
0.70, 95% CI 0.48–1.02; p = 0.06). ICU admis-
sion (11.3% vs 11.4% OR 0.99, 95% CI
0.64–1.52; p = 0.97) and hospitalisation dura-
tion (HR for discharge 1.13, 95% CI 0.97–1.31;
p = 0.13) were similar.

Subgroup Analysis

The results from the subgroup analysis are
visualised in Fig. 2. We did not find an associa-
tion in the subgroups based on days of symp-
toms prior to admission or supplemental
oxygen requirement at baseline or CRP con-
centration. An association was found in the
subgroup with low CRP (B 75 mg/L) and short
duration of symptoms (\ 7 days) prior to
admission. There were 66 patients treated with
remdesivir (15% of all remdesivir-treated
patients) and 48 non-treated patients (11% of
all non-remdesivir-treated patients) with low
CRP and short duration of symptoms prior to
IPTW. There was an increase in rapid clinical

improvement associated with remdesivir (OR
2.83, 95% CI 1.07–7.56) in this subgroup com-
pared to the rest of the patients (OR 0.92,
95% CI 0.86–1.25; p for interaction 0.03).

Sensitivity Analysis

The direction and magnitude of the association
seen in the sensitivity analysis with logistic
regression modelling with confounder selection
were like the association seen in the main
analysis. The results are presented in supple-
mentary Fig. 3. When patients without dexam-
ethasone treatment were included, the results
were similar. A total of 1334 patients were
available for this analysis. No association
between remdesivir and rapid clinical improve-
ment in the entire population was found (OR
1.05, 95% CI 0.82–1.34; p = 0.69). In the sub-
group with CRP B 75 mg/L and days of symp-
toms\ 7 days, remdesivir resulted in an
increase in rapid clinical improvement (OR
2.35, 95% CI 1.08–5.09) (supplementary Fig. 4).
Also, when [ 2-L reduction of supplemental
oxygen was considered rapid clinical improve-
ment, the results were similar. There was no
association in the general population (OR 1.06,
95% CI 0.80–1.40; p = 0.69) but there might be
an association in the subgroup with

Fig. 1 Flowchart of patients included in this study
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CRP B 75 mg/L and days of symptoms\ 7 days
(OR 2.49, 95% CI 0.98–6.30) (supplementary
Fig. 5).

DISCUSSION

In this multicentre propensity score weighted
observational cohort study, we evaluated rapid
clinical response to remdesivir treatment in a
cohort of hospitalised patients with COVID-19
receiving oxygen and dexamethasone. We
found that remdesivir overall did not lead to an
increased incidence of rapid clinical improve-
ment, except for patients with low inflamma-
tion (CRP B 75 mg/L) and a short symptom
duration (\7 days) prior to admission. Thus,
these data suggest that the efficacy of remdesivir
treatment in hospitalised patients with COVID-
19 might depend on the right timing and extent
of inflammation.

The overall absence of rapid clinical
improvement on remdesivir treatment in hos-
pitalised patients with COVID-19 is not unex-
pected. The ACCT-1 trial and a large
retrospective cohort study showed that the
median time to improvement with remdesivir
treatment was respectively 10 and 7 days, which
is later than the interval used for rapid clinical
improvement (24–72 h) [5, 19]. The in-hospital
mortality in our population was comparable
with the patients requiring supplemental oxy-
gen in the SOLIDARITY trial (17% vs 15%) [4].
Remdesivir has been shown to reduce the mor-
tality risk in the SOLIDARITY trial and other
real-world studies [4, 19–21]. In our study the
OR (0.70, 95% CI 0.48–1.02) for mortality also
suggests a potential survival benefit for remde-
sivir, though not statistically significant, which
is likely a result of the relatively smaller sample
size of our study. It seems like remdesivir has an
effect on mortality but not rapid response; an
explanation for this could be an effect of
remdesivir on deterioration later during admis-
sion. Based on the working mechanism of
remdesivir it might mitigate the inflammatory
response in patients by preventing prolonged
viral replication.

We did not find an association between
remdesivir and hospitalisation duration. ThisT
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might be explained by the urge of clinicians to
finish the 5 or 10 days of treatment before dis-
charging recovered patients, as has also has
been shown in the SOLIDARITY trial and real-
world data [4, 22]. Whether the full 5 days of
treatment are necessary for optimal effective-
ness is currently unknown. In our study, an
effect of remdesivir was already seen within
24–72 h after admission in the subgroup of
patients with limited signs of systemic inflam-
mation (CRP B 75 mg/l). A shorter duration of
treatment could therefore be considered in
these patients, like the 3 days of therapy cur-
rently recommended and proven to be effective
in outpatients [18, 23]. This might be beneficial
in reducing the hospitalisation duration and
thereby treatment costs. However, future stud-
ies on remdesivir treatment duration among
hospitalised patients are needed.

In the subgroup analysis, an association
between remdesivir treatment and rapid clinical
improvement was found in patients with a
duration of symptoms\7 days and a
CRP B 75 mg/L. We did not find an association
between duration of symptoms and rapid clin-
ical improvement alone. Nevertheless, previous
studies indicated that remdesivir works best in
outpatients who started within 7 days and in
hospitalised patients remdesivir is more effec-
tive in patients within 7 or 10 days after the
start of symptoms [5, 18, 24]. Apart from the
difference in primary endpoint, an explanation
is that the exact symptom duration at admis-
sion is often uncertain. Especially in elderly
patients with multiple comorbidities, the
patients’ history is often not clear about the
time COVID-19 symptoms started. The combi-
nation of this parameter with a laboratory-
confirmed measurement of inflammation
improved the identification of patients who
benefit from remdesivir treatment.

This was also found in a previous study that
explored the influence of CRP combined with a
short duration of symptoms as predictor of
remdesivir response. Padilla et al. found an
effect on mortality in patients treated with
remdesivir, tocilizumab and dexamethasone in
combination with low CRP (\ 38 mg/L), a high
viral load (low cycle threshold value of SARS-
CoV-2 PCR on nasopharyngeal swab) and

duration of symptoms\5 days [25]. Even
though the population, the treatment regimen
and the CRP cutoff differed from our study, the
results indicate that remdesivir works best in
the early stages from COVID-19 when the
inflammatory response is still limited. A possi-
ble explanation is that during COVID-19, per-
sistent viral replication can lead to a second
inflammatory response that results in cytokine
release and progression to more severe disease
[26]. It has also been shown that persistent high
SARS-CoV-2 viral load is associated with worse
outcomes [27]. Remdesivir, through interaction
with the SARS-CoV-2 polymerase and inhibi-
tion of RNA synthesis, could thus contribute to
reducing viral replication and prevent the sec-
ondary inflammatory reaction shown in clinical
practice as rapid clinical improvement.

To our knowledge this study is the first to
specifically investigate rapid clinical improve-
ment as a primary endpoint in hospitalised
patients with COVID-19. Rapid clinical
improvement can best be classified as a mea-
surement of prevention of deterioration to
worse outcomes/clinical status in hospitalised
patients and therefore a plausible result of
remdesivir therapy based on pharmacokinetics
and working mechanism [7, 28]. It can be used
to identify patients who benefit most from
remdesivir treatment, but could also be used in
future studies to identify patients who benefit
temporarily from remdesivir and deteriorate
later on. In the latter group, remdesivir therapy
only postpones deterioration, which is also
beneficial as it gives clinicians more time to
start alternative supportive treatment or con-
comitant therapies.

This study has limitations, as this was a ret-
rospective observational study. Although efforts
were made to balance the differences between
patients with and without remdesivir and cor-
rect for missing data using multiple imputation,
we are unable to fully exclude the potential
influence of residual confounding. Several con-
clusions result from subgroup analyses which
were not corrected for multiple testing and
therefore might be chance findings that need
verification in future studies. However, as the
combination of short duration of symptoms
and low signs of inflammation are indicative of

2480 Infect Dis Ther (2023) 12:2471–2484



the viral replication phase, we consider the
association we found between remdesivir treat-
ment and rapid clinical improvement to be
biologically sound.

Also, the study was performed with data
collected primarily during the alpha and beta

wave of the COVID-19 pandemic and almost
exclusively from unvaccinated patients. Hospi-
talisation rates for COVID-19 and the severity of
disease in hospitalised have changed over the
course of the pandemic as a result of natural
immunity and vaccinations. Therefore, the

Fig. 2 Effect of remdesivir on rapid clinical improvement in patient subgroups. For each subgroup the OR (dots) and
95% CI (lines) are shown

Infect Dis Ther (2023) 12:2471–2484 2481



results of our study cannot be extrapolated to
every patient admitted with COVID-19 in 2023.
However, if patients are treated for COVID-19 as
primary diagnosis and require supplemental
oxygen, the effects of remdesivir are likely
similar in current clinical practice, because the
EC50 of remdesivir for SARS-CoV-2 has not sig-
nificantly changed between the variants. Fur-
thermore, we only selected patients treated with
concomitant dexamethasone which is still
considered standard treatment for patients with
COVID-19 requiring supplemental oxygen
[1, 29]. Nonetheless, verification of the study
results in a population of vaccinated patients
with COVID-19 infected with the current cir-
culating SARS-CoV-2 strains would provide
more insight into the added value of remdesivir
in COVID-19 treatment.

Future studies are needed to verify the crite-
ria for selection of patients who benefit most
from remdesivir treatment. As a result of the
unavailability of quantitative measures for the
SARS-CoV-2 viral load and a relatively low per-
centage of immunosuppressed patients in our
cohort, exploring the effects of remdesivir in
subgroups stratified by these parameters was not
feasible. Also, we only looked at baseline char-
acteristics and treatments initiated within 24 h
after hospitalisation. It would be interesting to
see if low inflammation at later time points
during hospitalisation is also associated with
better effectiveness of remdesivir when initiated
later during hospitalisation. Future studies
should also investigate alternative remdesivir
dosing regimens, duration of treatment and the
combination of remdesivir treatment with
other therapies like nirmatrelvir or anti-SARS-
CoV-2 antibodies, especially in patients with
initial rapid clinical improvement in response
to remdesivir monotherapy, but deterioration
later in the course of disease [30].

CONCLUSION

There was no general association between
remdesivir and rapid clinical improvement in
hospitalised patients with COVID-19. However,
patients with a CRP B 75 mg/L and\7 days of
symptoms prior to hospital admission might

have an increased chance of rapid clinical
improvement when treated with remdesivir.
This indicates that patients with COVID-19 who
present at the hospital with limited signs of
systemic inflammation and short duration of
symptoms benefit most from remdesivir
treatment.
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