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In The Lancet Respiratory Medicine, Alain Amstutz and 
colleagues1 address a 3-year-old controversy: does 
remdesivir reduce mortality in patients hospitalised for 
COVID-19?

Remdesivir is a viral RNA polymerase inhibitor that 
was evaluated in patients hospitalised for COVID-19 
in February, 2020, in the National Institutes of 
Health (NIH) Adaptive COVID-19 Treatment Trial 
(ACTT-1)2—a federally funded, placebo-controlled, 
double-blind, randomised stratified trial that enrolled 
1062 patients and was completed in 59 days. ACTT-1 
showed a significantly shorter time to recovery with 
remdesivir than with placebo (5 days shorter overall, 
and 7 days shorter for the sickest patients), 50% faster 
improvement in clinical status, 30% lower progression 
to non-invasive ventilation, 43% lower progression to 
invasive mechanical ventilation, and 45% reduction in 
mortality at 14 days—all prespecified endpoints with 
significant results.2 In April, 2020, the ACTT-1 data 
safety monitoring board recommended to stop the trial 
because of the significant benefits of remdesivir, and all 
patients receiving placebo were offered remdesivir on 
the basis of unanimous ethical justification.

The results of ACTT-1 were straightforward: 
remdesivir was associated with faster time to recovery, 
shorter length of hospital stay, decreased progression 
to mechanical ventilation, and lower mortality, all of 
which are patient-centered outcomes fully relevant 
to clinical care. At that time, the amendment of major 
medical guidelines in accordance with the results 
of ACTT-1 would have been expected in order to 
immediately benefit patients hospitalised for COVID-19. 
However, both the Infectious Diseases Society of 
America (IDSA)3 and NIH4 guidelines recommended 
remdesivir only for patients on supplemental oxygen. 
These recommendations were made even though the 
95% CIs of all respiratory support subgroups overlapped 
and treatment heterogeneity (interaction) was absent, 
which indicated that the benefits of remdesivir were 
similar among subgroups. The WHO guidelines did 
not recommend treatment with remdesivir at all, 
and a recommendation against its use in patients 
hospitalised with COVID-19 was subsequently made5 
on the basis of the interim results of the open-label 
Solidarity trial.6 The final results7 of the Solidarity 

trial showed that treatment with remdesivir led to 
significant hospital mortality reduction in patients 
with or without supplemental oxygen (rate ratio 0·86 
[95% CI 0·76–0·98]) and significantly lower progression 
to mechanical ventilation or death (0·84 [0·75–0·93]).

The individual patient data meta-analysis by 
Amstutz and colleagues1 featured prespecified analyses 
according to group allocation, standardised outcome 
definitions, and adverse events stratified by organ 
systems. The study evaluated data from a total of 
10 480 patients in eight randomised controlled trials 
and concluded that remdesivir significantly reduces 
mortality in patients hospitalised with COVID-19 with 
or without supplemental oxygen (adjusted odds ratio 
[aOR] 0·80 [95% CI 0·70–0·93]). A further significant 
reduction is also seen in the progression to mechanical 
ventilation or death with remdesivir (0·63 [0·48–0·83]). 
A conclusion could not be reached for patients receiving 
ventilation owing to a lack of statistical power. In terms 
of patient safety, the meta-analysis showed that—both 
overall and by organ system—grade 3 or 4 adverse 
events and serious adverse events were not increased 
with remdesivir. Notably, these results confirm 
the findings of ACTT-1 that were reported in 
April, 2020.2 Additionally, it should not be surprising 
that if remdesivir significantly reduced mortality in 
patients receiving supplemental oxygen,2 patients 
given remdesivir earlier in the course of COVID-19 
should also benefit: such findings were shown by the 
Solidarity trial7 and this meta-analysis1 (significantly 
better survival and lower progression to mechanical 
ventilation or death in hospitalised patients with or 
without supplemental oxygen); by multiple large, real-
world, comparative effectiveness studies from different 
countries8–11 (significantly better survival and clinical 
recovery in hospitalised patients without supplemental 
oxygen); and by the PINETREE trial12 (significantly lower 
progression to hospitalisation or death in outpatients 
at high risk without supplemental oxygen).

In summary, this individual patient data meta-
analysis1 adds relevant scientific evidence and supports 
both the lower progression to mechanical ventilation 
and the significant survival benefits of remdesivir 
for patients hospitalised for COVID-19 with or 
without supplemental oxygen. The study suggests 
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individualising approaches to remdesivir treatment for 
patients on mechanical ventilation, a practical example 
being continuing remdesivir in order to combat 
progressive respiratory failure due to persistent SARS-
CoV-2 viral replication. Prioritising underpowered 
subgroup results instead of powered overall results 
helped to prevent the NIH and IDSA guidelines from 
recommending remdesivir to patients hospitalised for 
COVID-19 without supplemental oxygen for nearly 
2 years, and prioritising the interim results of a high 
risk of bias trial6 over the complete and beneficial 
results of a low risk of bias trial2 helped to prevent the 
WHO guidelines from recommending remdesivir to 
any patients for almost 3 years. In the context of a 
deadly pandemic, it would have been beneficial for 
these panels to have erred on the side of inclusiveness 
and benefit rather than focusing on subgroup and 
interim results as evidence of no benefit, particularly 
in light of the robust and positive prespecified overall 
outcome findings of a placebo-controlled, double-blind, 
randomised stratified trial2 with a reassuring patient 
safety profile (no difference in adverse events between 
remdesivir and placebo) and the strong biological and 
clinical plausibility that antiviral benefit would extend 
to patients in the earlier stages of COVID-19 (before 
requiring supplemental oxygen). Regrettably, the delays 
in recommendation of remdesivir for patients—even 
after the initial remdesivir shortage was resolved—
adversely shaped antimicrobial policy in hospitals 
around the world, preventing patients from receiving 
timely remdesivir. How many more lives could have 
been saved had remdesivir been recommended more 
broadly and made more readily available? All of us—
the scientific community, public health agencies, 
professional societies, journal editors, and guideline 
committees—must learn from these mistakes to provide 

more reliable scientific recommendations to directly 
benefit the individual care of patients globally, and to 
advocate for equitable access to safe and life-saving 
antiviral therapies such as remdesivir in low-income and 
middle-income countries.
I was an investigator for the federally funded National Institutes of Health 
Adaptive COVID-19 Treatment Trials.

Andre C Kalil
akalil@unmc.edu; @DrAndreKalil

Division of Infectious Diseases, Department of Internal Medicine, University of 
Nebraska Medical Center, Omaha, NE 68198, USA

1 Amstutz A, Speich B, Mentré F, et al. Effects of remdesivir in patients 
hospitalised with COVID-19: a systematic review and individual patient data 
meta-analysis of randomised controlled trials. Lancet Respir Med 2023; 
published online Feb 21. https://doi.org/10.1016/S2213-2600(22)00528-8.

2 Beigel JH, Tomashek KM, Dodd LE, et al. Remdesivir for the treatment of 
COVID-19—final report. N Engl J Med 2020; 383: 1813–26.

3 Bhimraj A, Morgan RL, Shumaker AH, et al. IDSA guidelines on the 
treatment and management of patients with COVID-19, version 2.0.0. 
June 22, 2020. https://www.idsociety.org/practice-guideline/covid-19-
guideline-treatment-and-management/ (accessed Jan 10, 2023).

4 COVID-19 Treatment Guidelines Panel, National Institutes of Health. 
Coronavirus disease 2019 (COVID-19) treatment guidelines. May 12, 2020. 
https://www.covid19treatmentguidelines.nih.gov/ (accessed Jan 10, 2023).

5 WHO. Living guidance for clinical management of COVID-19. 
Nov 20, 2021. https://www.who.int/publications/i/item/WHO-2019-
nCoV-clinical-2021-2 (accessed Jan 10, 2023).

6 WHO Solidarity Trial Consortium. Repurposed antiviral drugs for 
COVID-19—interim WHO Solidarity trial results. N Engl J Med 2021; 
384: 497–511.

7 WHO Solidarity Trial Consortium. Remdesivir and three other drugs for 
hospitalised patients with COVID-19: final results of the WHO Solidarity 
randomised trial and updated meta-analyses. Lancet 2022; 399: 1941–53.

8 Wong CKH, Lau KTK, Au ICH, Xiong X, Lau EHY, Cowling BJ. Clinical 
improvement, outcomes, antiviral activity, and costs associated with early 
treatment with remdesivir for patients with coronavirus disease 2019 
(COVID-19). Clin Infect Dis 2022; 74: 1450–58.

9 Garibaldi BT, Wang K, Robinson ML, et al. Real-world effectiveness of 
remdesivir in adults hospitalized with coronavirus disease 2019 
(COVID-19): a retrospective, multicenter comparative effectiveness study. 
Clin Infect Dis 2022; 75: e516–24.

10 Mozaffari E, Chandak A, Zhang Z, et al. Remdesivir treatment in 
hospitalized patients with coronavirus disease 2019 (COVID-19): 
a comparative analysis of in-hospital all-cause mortality in a large 
multicenter observational cohort. Clin Infect Dis 2022; 75: e450–58.

11 Chokkalingam AP, Hayden J, Goldman JD, et al. Association of remdesivir 
treatment with mortality among hospitalized adults with COVID-19 in the 
United States. JAMA Netw Open 2022; 5: e2244505.

12 Gottlieb RL, Vaca CE, Paredes R, et al. Early remdesivir to prevent 
progression to severe COVID-19 in outpatients. N Engl J Med 2022; 
386: 305–15.

Weaning from mechanical ventilation in intensive care units: 
a call for new international consensus guidelines 

In The Lancet Respiratory Medicine, Tài Pham and 
colleagues1 report the results of the WEAN SAFE study, 
aiming to describe the epidemiology, management, 
timings, risk for failure, and outcomes of weaning in 
patients requiring at least 2 days of invasive mechanical 

ventilation. WEAN SAFE was an international, multi-
centre, prospective, observational study including 
5869 critically ill adult patients, conducted in 
481 intensive care units in 50 countries.1 The authors 
can be congratulated for this large convenience sample 
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