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1 INTRODUCTION

In 2020, EUnetHTA prioritized its activities around Coronavirus disease 2019 (COVID-19) to respond to
the public health emergency.

In terms of COVID-19 products, EUnetHTAispr oduci ng ORapid Coll abor
testing as well as for therapeutic treatments a n d ORol ling Coll aborati
treatments. These are evidence-based reports with a timely synthesis of available evidence on the
comparative effectiveness and safety of health technologies (diagnostic, therapeutic, etc.) for the
management of the current pandemic, with continuous updates as research evolves?.

Following the original Rapid Collaborative Review - PTRCR15, published in September 2020 [1],
evidence gaps were identified, such as the need for adequately powered RCTs with clinically relevant
outcomes, including all-cause mortality, the additional need for and duration of mechanical ventilation,
additional need for and duration of supplemental oxygen and duration of hospitalisation. The subsequent
publication of results from two RCTSs, including the final report of the ACTT-1 trial [2] and the preliminary
report of the WHO SOLIDARITY trial [3], as well as data from two living clinical guidelines [4-6], are
used to summarise the most recent evidence to further support the local production of national/regional
HTA reports.

1.1 Overview of the disease or health condition: COVID-19

As of November 30, 2020, across the European Union/European Economic Area (EU/EEA) and the
United Kingdom (UK) there has been a further increase in COVID-19 infections and the current situation
represents a major threat to public health. The impact in terms of pressure on healthcare services and
mortality has become increasingly evident [7].

As of 06 December 2020, 13 972 781 cases and 347 088 deaths have been reported in the EU/EEA
and the UK [8]. Pooled data from 18 countries for week 48 show that there were 1.8 patients per 100
000 population in ICU due to COVID-19, which is 82% of the peak ICU occupancy observed during the
pandemic. Pooled weekly ICU admissions based on data from 13 countries were 2.2 new admissions
per 100 000, which is 59% of the peak rate to date. Hospital and/or ICU occupancy and/or new
admissions due to COVID-19 were high (at least 25% of the peak level during the pandemic) or had
increased compared to the previous week in 29 countries. The 14-day COVID-19 death rate for the
EU/EEA and the UK, based on data collected by ECDC from official national sources from 31 countries,
was 104.6 (country range: 2.8i 286.6) per million population2.

1.1.1 Clinical symptoms and disease severity

Adults with COVID-19 can be grouped into the following severity of iliness categories, although the
criteria in each category may overlap or vary across guidelines and clinical trials [5]. Clinical symptoms
and COVID-19 severity of illness categories are presented in Table 1.1

! https://eunethta.eu/services/COVID-19/
2 https://covid19-country-overviews.ecdc.europa.eu/
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Table 1.1. COVID-19 severity of illness categories

WHO definitions of disease severity for COVID-19 | NIH COVID-19 Treatment Guidelines (last update
October 9, 2020)

Non-severe COVID-19: Defined as absence of any Asymptomatic or Presymptomatic

signs of severe or critical COVID-19. Infection: Individuals who test positive for SARS-
CoV-2 using a virologic test (i.e., a nucleic acid
amplification test or an antigen test), but who have no
symptoms that are consistent with COVID-19.

Mild Iliness: Individuals who have any of the various
signs and symptoms of COVID-19 (e.g., fever, cough,
sore throat, malaise, headache, muscle pain, nausea,
vomiting, diarrhoea, loss of taste and smell) but who
do not have shortness of breath, dyspnoea, or
abnormal chest imaging.

Moderate lliness: Individuals who show evidence of
lower respiratory disease during clinical assessment
or imaging and who have saturation of oxygen (SpO3)
094% on room air at sea |

Severe COVID-19: Defined by any of: Severe lliness: Individuals who have SpO2 <94% on
ZOxygen saturation <90% on room air? room air at sea level, a ratio of arterial partial pressure
ZRespiratory rate >30 breaths per minute in adults of oxygen to fraction of inspired oxygen (PaO2/FiO2)
and children >5years ol d,|l <300mmHg, respiratory frequency >30 breaths per

<2 months ol d, -10&dnhthd old, andh i| minute, or lung infiltrates >50%.
040 in cHyearsdlden 1

ZSigns of severe respiratory distress (accessory
muscle use, inability to complete full sentences, and,
in children, very severe chest wall indrawing, grunting,
central cyanosis, or presence of any other general
danger signs).

Critical COVID-19: Defined by the criteria for acute Critical lllness: Individuals who have respiratory
respiratory distress syndrome (ARDS), sepsis, septic | failure, septic shock, and/or multiple organ
shock, or other conditions that would normally require | dysfunction.

the provision of life sustaining therapies such as
mechanical ventilation (invasive or non-invasive) or
vasopressor therapy.

Source: [4-6]

aCaution: The panel noted that the oxygen saturation threshold of 90% to define severe COVID-19 was arbitrary and should
be interpreted cautiously when used for determining which patients should be offered systemic corticosteroids. For example,
clinicians must use their judgment to determine whether a low oxygen saturation is a sign of severity or is normal for a given
patient with chronic lung disease. Similarly, a saturation >90-94% on room air may be abnormal if the clinician suspects that
this number is on a downward trend. Generally, if there is any doubt, the panel suggested erring on the side of considering
the illness as severe.

Abbreviations: ARDS=acute respiratory distress syndrome; SARS-CoV-2=Severe Acute Respiratory Syndrome
Coronavirus 2; SpO,=oxygen saturation; PaO2/FiO,=ratio of arterial partial pressure of oxygen to fraction of inspired oxygen.

Patients admitted to hospital with COVID-19 typically report symptoms onset three to five days after
exposure (fatigue, chills), progressing to fever and dry cough 48 hours later. Transition to severe disease
with hypoxaemia can occur five to seven days into the symptomatic illness, about 8-14 days after original
exposure [9]. Recently, the 4C Mortality Score has been developed and validated, categorising patients
as being at low, intermediate, high, or very high risk of death, to directly inform clinical decision making,
and can be used to stratify patients admitted to hospital with COVID-19 into different management
groups [10].

1.2 Current clinical management

Pharmacological treatment options for COVID-19 are limited and there are trials underway to assess
the efficacy of available medicines to manage the disease. EUnetHTA Rolling Collaborative Reviews
present the comparative data on effectiveness and safety of potential therapies for COVID-19, and are
updated on a monthly basis [11].

Standard of care, as previously described [1] can vary according to country and currently is guided by

disease severity. For severe disease, standard of care is based on supportive treatment including
supplemental oxygen, thromboprophylaxis and management of comorbidities and nosocomial

December 2020 EUnetHTA Joint Action 3 WP4 7
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complications, including empiric antimicrobial therapy if indicated. In critically ill patients, it includes
ventilatory support (i.e., invasive mechanical ventilation, extracorporeal membrane oxygenation
(ECMO)), hemodynamic and organ support, as well as other interventions aimed at the prevention and
management of complications.

Currently, two pharmaceuticals are approved for treatment of COVID-19 hospitalized patients:
remdesivir and dexamethasone. Remdesivir (Veklury), received a conditional marketing authorisation
in EU in July 2020, for the treatment of coronavirus disease 2019 (COVID-19) in adults and adolescents
(aged 12 years and older with body weight at least 40 kg) with pneumonia requiring supplemental
oxygen [12]. On October 22, 2020 the U.S. Food and Drug Administration approved remdesivir for use
in adult and paediatric patients 12 years of age and older and weighing at least 40 kilograms (about 88
pounds) for the treatment of COVID-19 requiring hospitalization.

Dexamethasone use is endorsed by EMA in adults and adolescents (from 12 years of age and weighing
at least 40 kg) who require supplemental oxygen therapy. Dexamethasone can be taken by mouth or
given as an injection or infusion (drip) into a vein. In all cases, the recommended dose in adults and
adolescents is 6 milligrams once a day for up to 10 days. Companies that market dexamethasone
medi cines can request this new use to be added
to national medicines agencies or to EMA [13, 14].

1.2.1 Treatment management with corticosteroids and remdesivir according the WHO and US
NIH clinical guidelines

WHO living guidance

The new WHO living guidance on corticosteroids for COVID-19 was published [4, 6, 15]. The WHO
panel made two recommendations: a strong recommendation (based on moderate certainty evidence)
for systemic (i.e. intravenous or oral) corticosteroid therapy (e.g. 6 mg of dexamethasone orally or
intravenously daily or 50 mg of hydrocortisone intravenously every 8 hours) for 7 to 10 days in patients
with severe and critical COVID-19, and a conditional recommendation (based on low certainty evidence)
not to use corticosteroid therapy in patients with non-severe COVID-19 [4, 6, 15].

Recently, the new WHO living guidance on remdesivir for COVID-19 was published [8, 15]. The WHO
panel made a conditional recommendation against the use of remdesivir in hospitalized patients with
COVID-19, regardless of disease severity, with new information and recommendations on remdesivir
after publication of results from the WHO SOLIDARITY trial [3]. The recommendation on remdesivir was
informed by results from a systematic review and network meta-analysis (NMA) that pooled data from
four randomized trials with 7333 participants hospitalized for COVID-19. The resulting evidence
summary suggested that remdesivir has possibly no effect on mortality (odds ratio 0.90, 95% confidence
interval [CI] 0.70 - 1.12; absolute effect estimate 10 fewer deaths per 1000 patients, 95% CI from 29
fewer - 11 more deaths per 1000 patients; low certainty evidence); and possibly no effect on the other
important outcomes identified by the panel, with similar low to very low certainty of evidence. The panel
judged the overall credibility of subgroup analyses assessing differences in mortality by severity of
illness to be insufficient to make subgroup recommendations.

Visual summary of recommendations can be found in Table Al in Appendix 1.

US COVID-19 Treatment Guidelines

The US COVID-19 Treatment Guidelines Panel issued new recommendations on pharmacological
treatment for patients with COVID-19 (as of December 3, 2020) [5]:

In summary, in the earliest stages of infection, before the host has mounted an effective immune
response, anti-SARS-CoV-2 antibody-based therapies may have their greatest likelihood of having an
effect. In this regard, although there are insufficient data from clinical trials to recommend either for or
against the use of any specific therapy in this setting, preliminary data suggests that outpatients may
benefit from receiving anti-SARS-CoV-2 monoclonal antibodies early in the course of infection. The anti-
SARS-CoV-2 monoclonal antibodies bamlanivimab and casirivimab plus imdevimab are available
through Emergency Use Authorizations for outpatients who are at high risk for disease progression.

December 2020 EUnetHTA Joint Action 3 WP4 8
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Remdesivir, an antiviral agent, is currently the only drug that is approved by the Food and Drug
Administration for the treatment of COVID-19. It is recommended for use in hospitalized patients who
require supplemental oxygen. However, it is not routinely recommended for patients who require
mechanical ventilation due to the lack of data showing benefit at this advanced stage of the disease.

Dexamethasone, a corticosteroid, has been found to improve survival in hospitalized patients who
require supplemental oxygen, with the greatest effect observed in patients who require mechanical
ventilation. Therefore, the use of dexamethasone is strongly recommended in this setting.

Visual summary of recommendations on pharmacological management of patients with COVID-19
based on disease severity can be found in Table Al in Appendix 1.

1.3 Features of the intervention: Remdesivir

1.3.1 Regulatory Status

Remdesivir (Veklury) is an antiviral medicine for systemic use which received a conditional marketing
authorisation® in EU in July, 2020 [13]. Remdesivir is indicated for the treatment of coronavirus disease
2019 (COVID-19) in adults and adolescents (aged 12 years and older with body weight at least 40 kg)
with pneumonia requiring supplemental oxygen. The drug is for administration by intravenous infusion
after further dilution. The recommended dosage of remdesivir in patients 12 years of age and older and
weighing at least 40 kg is: Day 1 7 single loading dose of remdesivir 200 mg given by intravenous
infusion, Day 2 onwards 7 100 mg given once daily by intravenous infusion. The total duration of
treatment should be at least 5 days and not more than 10 days. Concomitant use of remdesivir with
chloroquine phosphate or hydroxychloroquine sulphate is not recommended due to antagonism
observed in vitro.

The most common adverse reaction in healthy volunteers is increased transaminases (14%). The most
common adverse reaction in patients with COVID-19 is nausea (4%) [12, 13].

Remdesivir is subject to additional monitoring for safety. Due to a conditional marketing authorisation,
the Marketing Authorisation Holder (MAH) should complete some measures to confirm the efficacy and
safety within different timeframe [12].

On October 02, 2020 EMA announced t dsatartedeaVeiéwsofas af et y ¢
safety signal to assess reports of acute kidney injury in some patients with COVID-19 taking remdesivir
[16].

On October 22, 2020 the U.S. Food and Drug Administration approved remdesivir for use in adult and
paediatric patients 12 years of age and older and weighing at least 40 kilograms (about 88 pounds) for
the treatment of COVID-19 requiring hospitalization [13].

The FDA has also issued an emergency use authorization (EUA) for the Janus kinase
inhibitor baricitinib to be used in combination with remdesivir in patients with COVID-19 who require
oxygen or ventilatory support [17].

8 https://ec.europa.eu/commission/presscorner/detail/en/mex_20_ 1266
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2 OBJECTIVE AND SCOPE

eunethta

The aim of the original report was to provide a PICO, summarize the available evidence from published
RCTs identified and any existing meta-analyses, discuss the limitations, and to identify evidence gaps
and make recommendations for research [1].

The aim of this first update of EUnetHTA Rapid Collaborative Review is to incorporate the most recent
available scientific evidence on the clinical effectiveness and safety of remdesivir in the target patient
populations with relevant comparators. The target patient populations and relevant comparators (based
on the requirements of EUnetHTA Partners) have previously been defined in the project scope in Table

2.1 [1].

Table 2.1. Assessment scope: relevant PICO(s) identified for the planned assessment

40 kg) hospitalized with confirmed COVID-19 pneumonia

Description Assessment scope
PICO
Population Adults (aged > 18 years) and adolescents (aged 12 years and older with body weight at least

Intervention

Remdesivir plus standard of care/supportive treatment® (may include other drugs that

potentially also change the course of the disease, such as dexamethasone)

Standard of care/supportive treatment* (may include other drugs that potentially also change

Treatment-related mortality

Comparison | the course of the disease, such as dexamethasone)
Outcomes Clinical effectiveness Rate . Relative
importance
All-cause mortality 9 critical
Time to recovery (using an Ordinal Scale for Clinical Improvement, .
e.g. WHO) 6 important
Clinical improvement; using difference of stage on Ordinal Scale for 6 important
Clinical Improvement, e.g. WHO)
Additional need for non-invasive ventilation or high-flow oxygen 8 critical
Duration of non-invasive ventilation or high-flow oxygen, in patients 7 critical
requiring it
Additional need for invasive mechanical ventilation or ECMO 8 critical
Duration of invasive mechanical ventilation or ECMO, in patients 7 critical
requiring it
Length of stay (hospital and critical care unit) 5 important
Safety
Adverse events 6 important
Serious adverse events 8 critical
Adverse events leading to treatment discontinuation 7 critical
9 critical

@ Standard of care may include, but is not limited to, supplemental oxygen or ventilatory support, dexamethasone,
pharmacological thromboprophylaxis, empiric/targeted antimicrobial therapy, hemodynamic support, renal replacement
therapy, investigational agents, other supportive measures.

December 2020
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3 METHODS

3.1 Data sources and searches

To avoid redundancies and duplication, this 1st update of the original EUnetHTA Rapid Collaborative
Review reused data relevant to our PICO from two already published living systematic reviews/meta-
analysis (SRs/MA) sources from international initiatives [18-21] and the new WHO living guideline [4,
6]. The data were included according to the methodology suggested by Whitlock 2008 [22] and Robinson
2014 [23] on how to integrate existing SRs into new SRs. As described by Robinson et al., four different
approaches could be followed: 1) uset he exi sting SR(s)d6 Ilist of i
our literature search and screening strategy (Scan References), 2) use the existing SR(s) to completely
or partially provide the body of included studies for one or more research questions of our assessment
(AUse Exi sa,B)ruge th® datarabstraction, risk of bias assessments, and/or analyses from

existing SRs forone ormoreresearchque st i ons of our assessment (oifUse

and 4) use the existing SR(s), including conclusions, to fully or partially answer one or more research
guestions of our REA (Appeaeh nuinbendpwae follewedRfer this eepod.) .

Literature search used from the EUnetHTA Rolling Collaborative Reviews, updated in December 2020,
to find possible new RCTs related to remdesivir treatment in hospitalized patients with COVID-19 [11,
18]. Details can be found in Table A2, Appendix 2. References were included or excluded according to
the Population-Intervention-Control-Outcome (PICO)-scheme and presented according to the PRISMA
Statement [24].

A separate Guideline (GL) search (G-I-N, TRIP-Database and hand search) was performed as well, in
December 2020. Only living clinical guidelines, with regular and the most recent updates, were
considered in this report.

As stated above, quantitative synthesis (using pairwise meta-analyses) from existing living SRs/MA was
presented in the Result section if available for specific outcomes [4, 18-21] . According to published
protocols of living SRs/MA and the new WHO guidelines, pairwise meta-analysis was performed for
primary and secondary outcomes using a random-effects model to incorporate the anticipated clinical
and methodological heterogeneity across studies [4, 6, 19, 20]. Relevant subgroup analyses, according
to severity of illness categories defined in two clinical guidelines mentioned above, were not provided
because disease severity in included RCTs was nhot consistent with WHO and US Guidelines definitions
of disease severity for COVID-19 [4-6].

3.2 Risk of bias

Risk of bias assessment related to 4 RCTs on remdesivir was reused from one living SR/MA source
[20]. Each study was presented with the Cochrane Risk of bias 2 (RoB 2) tool for randomized controlled
trials [25]. The Cochrane RoB 2 tool is structured into 5 domains: 1) risk of bias arising from the
randomization process, 2) risk of bias due to deviations from intended interventions, 3) risk of bias due
to missing outcome data, 4) risk of bias in measurement of the outcome, 5) risk of bias in selection of
the reported result. Within each domain, a series of 'signalling questions' elicit information relevant to

ncl

ude

Dat

risk of bias assessment. The response options to the signalingqgu e st i onsafmRPreab aillyleys yes

AProbadilN\oonoand ANo informationo. A risk of bias judge
by an algorithm, based on answers to the signalling questions. Judgement can be fLowq fSome
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3.3 Certainty of evidence
Certainty of evidence related to these 4 RCTs included in MAs was reused from three different sources:

1 two already published living systematic reviews/meta-analysis (SRs/MA) sources from international
initiatives [19-21];

1 and the new WHO living guideline related to remdesivir [4, 6].

Table 3.1 shows from which sources the certainty of evidence related to the specific outcomes is
presented.

Table 3.1. The sources used to present the certainty of evidence related to outcomes

Living SR/MA source (Boutron, Living SR/MA source (de WHO living guideline [4, 6]
2020) [20] Crescenzo, 2020) [19, 21]

All-cause mortality Number of patients discharged Mechanical ventilation
Clinical improvement within 28 days Time to clinical improvement
WHO progression score (level 6 or Duration of hospitalisation
above) D 14-28

WHO progression score (level 7 or Duration of ventilation
above) D 14-28

Viral negative conversion

Adverse events Serious adverse events leading to
Serious adverse events discontinuation

For rating the certainty of the evidence, the Grading of Recommendations Assessment, Development
and Evaluation (GRADE) is being presented [19-21, 26]. The GRADE approach specifies four levels of
certainty: fHigho further research is very unlikely to change our confidence in the estimate of effect;
fModerateo further research is likely to have an important impact on our confidence in the estimate of
effect and may change the estimates; fLowo further research is very likely to have an important impact
on our confidence in the estimate of effect and is likely to change the estimate; fVery lowo we are very
uncertain about the estimate.

3.4 Ongoing studies

The following clinical trial registries were searched for ongoing RCTs on remdesivir in COVID-19 in
December 2020: ClinicalTrials.gov4, ISRCTN® and European Clinical Trials Registry®.

4 https://clinicaltrials.gov/

5 https://www.isrctn.com/

5 https://www.clinicaltrialsreqgister.eu/

December 2020 EUnetHTA Joint Action 3 WP4 12


https://clinicaltrials.gov/
https://www.clinicaltrialsregister.eu/

PTRCR15 1 Rapid Collaborative Review h
Remdesivir for hospitalised patients with COVID-19 1 Update 1 eun etta

4 RESULTS

4.1 Information retrieval/Existing Evidence

In addition to two already published RCTs (Wang, Spinner) comparing remdesivir with standard of
care/placebo [27, 28] which are described in the original report [1], evidence from two RCTs publications
evaluating remdesivir treatment was added in this update:

9 Final report related to ACTT-1 trial [2];

1 A new preliminary report related to SOLIDARITY trial [3].

All four RCTs on 7333 patients hospitalized with various severities of COVID-19 are described in brief in
Table 4.1.

Flow diagram depicting the selection process of RCTs can be found in Figure Al, Appendix 2.

Table 4.1. Main characteristics of 4 RCTs related to remdesivir

N of Mean aivegrty % IMV Treatments
Study/ID/Reference | Country . age P (at (dose and Outcomes
patients WHO . .
(years) criteria) baseline) | duration)
Remdesivir .
Effectiveness
Wang [28] . Severe a o IV (100
NCT04257656 China 237 65 100%) | 181% | mgidayfor | 2Nd safety
10 days)
Remdesivir
. . IV (200 mg
Spinner United Non- at day 1, Effectiveness
(SIMPLE States,
596 56-58 severe 0% then 100 and safety
MODERATE) [27] Europe, (100%) ma for 4
NCT04292730 Asia ° 9
days or 9
days)
United ’s\leo\?e-re Remdesivir Effectiveness
Beigel (ACTT-1) [2] | States, o o IV (100
NCT04280705 Europe, 1063 58.9 (Slel\}gr/e‘z))b 44.1% mg/day for and safety
Asia (88.7%) 10 days)
WHO Solidarity <50 ’s\lg\?e-re Remdesivir
Trial Consortium 35% (24%) IV (200 mg
S]OLIDARH-Y trial) Worldwide | 5451 2(7)0/70 Severe ¢ 8.9% ?t:edna)llold Effectiveness
ISRCTN83971151, S70 | 67%) mg day 2-
NCT04315948 18% | critical 10)
(9%)

Source: adapted from [4] and [6]

Abbreviations: IMV=invasive mechanical ventilation; IV=intravenous; N=number; NR=not reported; Sx i =symptom.

Severity criteria based on WHO definitions unless otherwise stated: 2 defined severe as SpO2 < 94% on room air; ® defined severe
as SpO2 < 94% on room air OR respiratory rate > 24 breaths /min; ¢ defined severe as requiring oxygen support

The final report with results from ACTT-1 RCT (NCT04280705) was published by Beigel et al [2] in
November 2020. In brief, it was a double-blind, randomized, placebo-controlled trial of intravenous
remdesivir in adults who were hospitalized with Covid-19 and had evidence of lower respiratory tract
infection. Patients (with mild, moderate, or severe Covid-19) were randomly assigned to receive either
remdesivir (200 mg loading dose on day 1, followed by 100 mg daily for up to 9 additional days) or
placebo for up to 10 days. The primary outcome was the time to recovery, defined by either discharge
from the hospital or hospitalization for infection-control purposes only. Randomization was stratified by
study site and disease severity at enrolment. Patients were considered to have severe disease if they
required mechanical ventilation, if they required supplemental oxygen, if the oxygen saturation as
measured by pulse oximetry (Spo2) was 94% or lower while they were breathing ambient air, or if they
hadt achypnea (respiratorimute)rate 024 breaths per
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The primary outcome was the time to recovery, defined as the first day, during the 28 days after
enrolment, on which a patient met the criteria for category 1, 2, or 3 on the eight-category ordinal scale.
The categories are as follows: 1, not hospitalized and no limitations of activities; 2, not hospitalized, with
limitation of activities, home oxygen requirement, or both; 3, hospitalized, not requiring supplemental
oxygen and no longer requiring ongoing medical care (used if hospitalization was extended for infection-
control or other nonmedical reasons); 4, hospitalized, not requiring supplemental oxygen but requiring
ongoing medical care (related to Covid-19 or to other medical conditions); 5, hospitalized, requiring any
supplemental oxygen; 6, hospitalized, requiring non-invasive ventilation or use of high-flow oxygen
devices; 7, hospitalized, receiving invasive mechanical ventilation or extracorporeal membrane
oxygenation (ECMO); and 8, death.

The key secondary outcome was clinical status at day 15, as assessed on the ordinal scale. Other
secondary outcomes included the time to improvement of one category and of two categories from the
baseline ordinal score; clinical status as assessed on the ordinal scale at days 3, 5, 8, 11, 15, 22, and
29; mean change in status on the ordinal scale from day 1 to days 3, 5, 8, 11, 15, 22, and 29; time to
discharge or National Early Warning Score of 2 or less (maintained for 24 hours), whichever occurred
first; change in the National Early Warning Score from day 1 to days 3, 5, 8, 11, 15, 22, and 29; number
of days with supplemental oxygen, with non-invasive ventilation or high-flow oxygen, and with invasive
ventilation or ECMO up to day 29 (if these were being used at baseline); the incidence and duration of
new oxygen use, of non-invasive ventilation or high-flow oxygen, and of invasive ventilation or ECMO;
number of days of hospitalization up to day 29; and mortality at 14 and 28 days after enrolment.
Secondary safety outcome measures included grade 3 and 4 adverse events and serious adverse
events that occurred during the trial, discontinuation or temporary suspension of infusions, and changes
in assessed laboratory values over time.

Pre-specified subgroups were defined according to sex, baseline disease severity (according to

stratification criteria and on the basis of the ordinal scale), age (18to39years, 40 t o 64 years, O
years), race, ethnic group, duration of symptoms before randomization ( measur ed as O10 days
days, in quartiles, and as the median), site location, and presence of coexisting conditions. To assess

the effect of disease severity on treatment benefit (recovery and mortality), post hoc analyses evaluated

interactions of efficacy with baseline ordinal score (as a continuous variable).

Patient characteristics at baseline are presented in Table A3 in Appendix 3.

In March 2020, the WHO began a large, simple, international, open-label, randomized trial involving
hospital inpatients to evaluate the effects of these four drugs on in-hospital mortality - the Solidarity
Trial [3]. The trial was adaptive; unpromising drugs could be dropped and others added. Participants
were randomly assigned in equal proportions to receive no trial drug or one of the trial drug regimens
that was locally available (up to five options; all patients were to receive the local standard of care). In
this open-label trial, no placebos were used. The control for a drug were patients assigned to the
standard of care at a time and place in which that drug was locally available (except that when interferon
was being given only with lopinavir, its controls were patients given only lopinavir). Assignment to the
standard of care at a hospital in which more than one trial drug was available would put that patient into
the control group for each of those drugs. Hence, there was partial overlap among the four control
groups. Each comparison between a trial drug and its control, however, was evenly randomized (in a
1:1 ratio) and unbiased, because both groups were affected equally by differences between countries
or hospitals and by time trends in patient characteristics or the standard of care.

The regimen for remdesivir (intravenous) was 200 mg on day 0 and 100 mg on days 1 through 9.

The protocol-specified primary objective was to assess effects on in-hospital mortality (i.e., death during
the original hospitalization; follow-up ceased at discharge), regardless of whether death occurred before
or after day 28. The only protocol-specified secondary outcomes were the initiation of mechanical
ventilation and hospitalization duration. Add-on studies that were led from Canada, France, India, and
Norway recorded other outcomes (not reported here). Meta-analyses of the major trial results are based
on the inverse-variancei weighted average of b=loge rate ratio from each stratum of each trial, with the
use of odds ratios when hazard ratios or rate ratios for death were unavailable.

At 405 hospitals in 30 countries, 11,330 adults underwent randomization; 2750 were assigned to receive
remdesivir, 954 to hydroxychloroquine, 1411 to lopinavir (without interferon), 2063 to interferon
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(including 651 to interferon plus lopinavir), and 4088 to no trial drug. Adherence was 94 to 96% midway
through treatment, with 2 to 6% crossover.

Patient characteristics at baseline are presented in Table A5 in Appendix 3.

4.2 Risk of bias/Quality of evidence

Overall Risk of Bias for two trials is judged asfis o me c oncaenrdnsfoor t he [@Q.her

Certainty of evidence are graded as thighofor the outcomes: the incidence of WHO progression score
level 7 or above D14-28 and adverse events; as fmoderatedfor the outcomes: all-cause mortality and
for the incidence of WHO progression score (level 6 or above) D14-D28, number of patients with SAEs,
[20] the number of patients discharged from hospital within 28 days [19, 21]. Certainty of evidence is
graded as flowo for the outcomes: mechanical ventilation; time to clinical improvement; duration of
hospitalization; serious adverse events leading to discontinuation [4, 6] and finally, as fivery lowofor the
outcome viral clearance [20]

Details can be found in Table A9 and Table A10 in Appendix 3.
4.3 Results on clinical effectiveness and safety

Details related to two RCTs, Wang et al. 2020 and Spinner et al. 2020 [27, 28] could be found in the
original EUnetHTA Report [1].

4.3.1 Summary of Wang and Spinner RCTs

In brief, Wang Y et al. 2020 [1, 13, 28] published results of the first randomised, double-blind, placebo-
controlled, multicentre trial, conducted in China (NCT04257656), on intravenous remdesivir in adults
admitted to hospital with severe COVID-19. The study was terminated before attaining the pre-specified
sample size (237 of the intended 453 patients were enrolled) because the outbreak of COVID-19 was
brought under control in China. Remdesivir treatment was not associated with a statistically significant
difference in time to clinical improvement (hazard ratio 1-23 [95% CI 0-871 1-75]); duration of invasive
mechanical ventilation; viral load; adverse events.

Spinner et al. 2020 [1, 13, 27] published results from a randomised, open-label, phase 3 trial
(NCT04292730) performed on 596 hospitalised patients with moderate COVID-19 pneumonia
(pulmonary infiltrates and room-air oxygen saturation >94%). Patients were randomized in a 1:1:1 ratio
to receive a 10-day course of remdesivir (n = 197), a 5-day course of remdesivir (n = 199), or standard
care (n = 200). On day 11, patients in the 5-day remdesivir group had statistically significantly higher
odds of a better clinical status distribution vs standard care (odds ratio, 1.65; 95% Cl, 1.09-2.48; p=0.02),
but the difference was of uncertain clinical importance. The clinical status distribution on day 11 between
the 10-day remdesivir and standard care groups was not significantly different (p=0.18 by Wilcoxon rank
sum test). The odds of improvement in clinical status did not differ significantly between the 10-day
remdesivir group and the standard-of-care group (odds ratio, 1.31; 95% CI, 0.88 to 1.95).

There were no significant differences between the 5-day or 10-day remdesivir groups and standard care
for any of the exploratory end pointsd time to 2-point or greater improvement in clinical status, time to
1-point or greater improvement in clinical status, time to recovery, time to modified recovery, and time
to discontinuation of oxygen support, duration of oxygen therapy or hospitalization and all-cause
mortality at day 28.

The difference in AEs proportions between the 5-day remdesivir group and standard care was not
statistically significant (4.8%; 95% ClI, i 5.2% to 14.7%; p=0.36), but the difference between the 10-day
remdesivir group and standard care was significant (12.0%; 95% CI, 1.6%-21.8%; p=0.02). Nausea
(10% vs 3%), hypokalemia (6% vs 2%), and headache (5% vs 3%) were more frequent among
remdesivir-treated patients compared with standard care. Serious adverse events were less common in
the remdesivir groups, but the difference was not statistically significant.
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432 ACTT-1trial

Beigel et al. 2020 [2] reported final results from ACTT-1 trial, double-blind, randomized, placebo-
controlled trial of intravenous remdesivir in 1062 adults hospitalized with Covid-19 (541 assigned to
remdesivir and 521 to placebo) (NCT04280705).

159 (15.0%) were categorized as having mild-to-moderate disease, and 903 (85.0%) were in the
severe disease stratum. A total of 517 patients in the remdesivir group and 508 in the placebo group
completed the trial through day 29, recovered, or died. The median number of days between symptom
onset and randomization was 9 (interquartile range, 6 to 12) (Table A3). A total of 957 patients (90.1%)
had severe disease at enrolment; 285 patients (26.8%) met category 7 criteria on the ordinal scale, 193
(18.2%) category 6, 435 (41.0%) category 5, and 138 (13.0%) category 4. Eleven patients (1.0%) had
missing ordinal scale data at enrolment; all these patients discontinued the study before treatment.
During the study, 373 patients (35.6% of the 1048 patients in the as-treated population) received
hydroxychloroquine and 241 (23.0%) received a glucocorticoid (Table A4).

Remdesivir group had a median recovery time of 10 days (95% confidence interval [CI], 9 to 11) vs 15
days (95% ClI, 13 to 18) among placebo group (rate ratio for recovery, 1.29; 95% CI, 1.12 to 1.49;
P<0.001, by a log-rank test). The rate ratio for recovery was largest among patients with a baseline
ordinal score of 5 (statistically significant different in favour of remdesivir, rate ratio for recovery, 1.45;
95% ClI, 1.18 to 1.79). The Kaplani Meier estimates of mortality were 6.7% with remdesivir vs 11.9% in
placebo group by day 15 (hazard ratio, 0.55; 95% CI, 0.36 to 0.83); 11.4% with remdesivir vs 15.2%
with placebo by day 29 (hazard ratio, 0.73; 95% CI, 0.52 to 1.03). The between group differences in
mortality varied considerably according to baseline severity, with the statistically significant difference
seen among patients with a baseline ordinal score of 5 (hazard ratio, 0.30; 95% ClI, 0.14 to 0.64) (Table
A6 and Table A7):

Patients who underwent randomization during the first 10 days after the onset of symptoms had a rate
ratio for recovery of 1.37 (95% CI, 1.14 to 1.64), whereas patients who underwent randomization more
than 10 days after the onset of symptoms had a rate ratio for recovery of 1.20 (95% CI, 0.94 to 1.52),
Figure A2.

Additional Secondary Outcomes

Patients in the remdesivir group had a shorter time to clinical improvement of one or of two categories
on the ordinal scale from baseline than patients in the placebo group (one-category improvement:
median, 7 vs. 9 days; rate ratio for recovery, 1.23; 95% CI, 1.08 to 1.41; two-category improvement:
median, 11 vs. 14 days; rate ratio, 1.29; 95% CI, 1.12 to 1.48) (Table A8).

Patients in the remdesivir group had a shorter time to discharge or to a National Early Warning Score of
2 or lower than those in the placebo group (median, 8 days vs. 12 days; hazard ratio, 1.27; 95% ClI, 1.10
to 1.46). The initial length of hospital stay was shorter in the remdesivir group than in the placebo group
(median, 12 days vs. 17 days); 5% of patients in the remdesivir group were readmitted to the hospital,
as compared with 3% in the placebo group. Among the 913 patients receiving oxygen at enrolment,
those in the remdesivir group continued to receive oxygen for fewer days than patients in the placebo
group (median, 13 days vs. 21 days), and the incidence of new oxygen use among patients who were
not receiving oxygen at enrolment was lower in the remdesivir group than in the placebo group
(incidence, 36% [95% ClI, 26 to 47] vs. 44% [95% CI, 33 to 57]). For the 193 patients receiving non-
invasive ventilation or high-flow oxygen at enrolment, the median duration of use of these interventions
was 6 days in both the remdesivir and placebo groups. Among the 573 patients who were not receiving
non-invasive ventilation, high-flow oxygen, invasive ventilation, or ECMO at baseline, the incidence of
new non-invasive ventilation or high-flow oxygen use was lower in the remdesivir group than in the
placebo group (17% [95% CI, 13 to 22] vs. 24% [95% ClI, 19 to 30]). Among the 285 patients who were
receiving mechanical ventilation or ECMO at enrolment, patients in the remdesivir group received these
interventions for fewer subsequent days than those in the placebo group (median, 17 days vs. 20 days),
and the incidence of new mechanical ventilation or ECMO use among the 766 patients who were not
receiving these interventions at enrolment was lower in the remdesivir group than in the placebo group
(13% [95% CI, 10 to 17] vs. 23% [95% ClI, 19 to 27]) (Table A8).
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Safety Outcomes

In the as-treated population, serious adverse events occurred in 131 of 532 patients (24.6%) in the
remdesivir group and in 163 of 516 patients (31.6%) in the placebo group (Table 4.2). There were 47
serious respiratory failure adverse events in the remdesivir group (8.8% of patients), including acute
respiratory failure and the need for endotracheal intubation, and 80 in the placebo group (15.5% of
patients). No deaths were considered by the investigators to be related to treatment assignment. Grade
3 or 4 adverse events occurred on or before day 29 in 273 patients (51.3%) in the remdesivir group and
in 295 (57.2%) in the placebo group; 41 events were judged by the investigators to be related to
remdesivir and 47 events to placebo. The most common non-serious adverse events occurring in at
least 5% of all patients included decreased glomerular filtration rate, decreased haemoglobin level,
decreased lymphocyte count, respiratory failure, anaemia, pyrexia, hyperglycaemia, increased blood
creatinine level, and increased blood glucose level. The incidence of these adverse events was
generally similar in the remdesivir and placebo groups.

Table 4.2. AE Grade 3 or 4 and SAEs

Remdesivir Placebo

(N=532 (N=516)
Safety outcomes n % 95% Cl n % 95% Cl p-value
Grade 3 or 4 AE 273 51 47.0t0 55.6 295 57 52.81061.5 0.058
SAE 130 24 20.9 to 28.3 163 32 27.7 t0 35.7 0.010

Source: [2]

Abbreviations: N=Number of participants in the Treated Population. n=Number of participants in a given treatment group who
experienced the specified safety event outcome.

95% Cl calculated using C-P/Blaker method.

P-value calculated using Two-Si ded Barnardoés Exact Test.

4.3.3 WHO SOLIDARITY trial

In the WHO SOLIDARITY trial (ISRCTN83971151, NCT04315948), with 2750 patients allocated to
remdesivir, majority was in the subgroup with supplemental oxygen at entry - 66.6%, 24.1% without
oxygen at entry, and 9.3% already receiving mechanical ventilation [3, 4, 16]. Patient characteristics
were well balanced between remdesivir and control group. Interim results showed that death rate ratio
was not statisticaly significant different between remdesivir and standard care; 0.95 (0.81-1.11, p=0.50;
301/2743 active vs 303/2708 control). The same was true for the outcomes: initiation of mechanical
ventilation among patients not already receiving ventilation and hospitalisation duration. Ventilation was
initiated after randomization in 295 patients receiving remdesivir and in 284 receiving its control. In-
hospital mortality rate ratios, stratified by age and respiratory support at entry, remdesivir vs its control,
by entry characteristics and by steroid use at any time could be found in Figure 4.1. No statistically
significant difference was found in any subgroups between remdesivir and control group.
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Ratio of death rates (RR), &

log-rank statistics 99% CI (or 95% ClI, for total)

Remdesivir Control O-E Variance : Control

Sex :

Male 199/1706 (13.6)  211/1725 (13.8) a8 1006 —— 0.91 [0.70-1.17]

Female 102/1037 (10.8) 92/983 (10.8) 2.1 479 e 1.05 [0.72-1.52]
Age at entry H

<50 61/961 (6.9) 59/952 {6.8) 23 298 - 1.08 (0.67-1.73)

50-69 154/1282 (13.8)  161/1287 (14.2) 7.6 775 —— 0.91 [0.68-1.21]

70+ 86/500 (20.5) 83/469 (21.6) 29 415 —— 0.93 [0.63-1.39)
Days from 10 H

o 790724 (11.3) 77712 (11.0) 13 38.0 —— 0.97 [0.64-1.47)

1 81/817 (10.1) 95/938 (11.4) 88 429 R 0.82 [0.55-1.21)

2+ 14171102 (15.7)  131/1058 (15.3) -0.2 66.4 - 1.00 [0.73-1.37]
Respiratory support at entry 5

No O, 11/661 (2.0) 13/664 (2.1) -06 8.0 -t 0.90 [0.31-2.58]

Low-fiow or hi-flow O, 192/1828 (12.2) 219/1811 (13.8) -16.9 1018 —-— 0.85 [0.66-1.09]

Ventilation S8/254 (43.0) 71/233 (37.8) 7.6 40.8 —t— 1.20 {0.80-1.80]
Bilateral lung lesions :

Not imaged at entry 36/281 (15.0) 290296 (11.9) 30 155 — e+ 122(063234

Yes 254/2175(13.3) 264/2153 (13.9) 54 127.7 0.96 [0.76-1.20]

No 11/287 (4.5) 10259 (4.0) 09 5.1 0.84 [0.27-2.62)
Current smoking '

Yes 17178 (10.7) 241161 (17.1) 45 9.7 —_——————— 0.63 [0.28-1.43)

No 284/2565 (12.6) 2792547 (12.4) 34 138.4 i 0.98 [0.78-1.21]
Diabetes H

Yes 98/707 (15.9) 86/666 (14.9) 06 446 0.99 (0.67-1.45]

No 203/2036 (11.3)  217/2042 (12.0) 86 1036 - 0.92 {0.71-1.19]
Heart disease ;1

Yes T7I571 (15.3) 7S/567 (15.4) 13 373 —‘ﬁ— 1.04 [0.68-1.58]

No 22472172 (11.8)  228/2141 (12.0) -10.0 1107 —-— 0.91 (0.72-1.17]
Chronic liver disease :’

Yes 7/36 (24.4) 641 (17.6) 1.5 24 i 1.82 [0.35-9.45]

No 294/2707 (12.3)  297/2667 (12.6) 89 1456 —-— 0.94 [0.76-1.16]
Chronic lung disease i

Yes 25/151 (18.2) 19/145 (16.9) 1.5 1086 Hi 1.15 (0.52-2.54]

No 276/2502 (12.2)  2B4/2563 (12.5) 87 138.0 ﬂ— 0.93 [0.75-1.16]
Asthma H

Yes 200139 (16.2) 15/139 (14.0) 20 8.4 - 1.27 (0.52-3.10)

No 281/2604 (12.3) 2882569 (12.7) -11.0 140.0 0.92 {0.74-1.15]
Corticosteroids at entry or later (ignoring any biases*)

Yes 2101310 (16.6) 225/1288 (17.9) 56 106.8 0.95 [0.74-1.22)

No 91/1433 (8.0) 78/1420 (6.9) 1.2 41.1 —:-I— 1.03 [0.69-1.54)
Geographic location$ '

Europe or Canada 337715 (5.2) 27/698 (5.1) -1.1 145 — 0.93 [0.47-1.82)]

Latin America 82/470 (20.6) 115/514 (23.8) a4 462 - 0.91 [0.62-1.33]

Asia and Africa 186/1558 (13.3)  161/1496 (12.0) 3a 84.1 —i— 1.04 [0.79-1.38]
- Total 301/2743 (12.5) 303/2708 (12.7) -8.3 1488 <£ 0.95 [0.81-1.11]

Heterogensity: X% = 12.4;p = 0.82 :1 2p = 0.50

M- 99% or <T> 95% contidence imervat (Cl), K-M Kaplan-Moier oo 0‘.5 ‘fo ‘ts

* ARs i steroid subgroups may be somewhat biased by kxter steroid use. Remdanivie Remdasivir

3 Wassetully Sne stratification by country and, within country, by the 6 sirata of age and ventilation better worse

vislded AR~0 98 95% Ci 0.83-1.16. with no good

of country RR

X

eunethta

Figure 4.1. SOLIDARITY trial: In-hospital mortality rate ratios, stratified by age and respiratory
support at entry, remdesivir vs its control, by entry characteristics and by steroid use at any

time*
Source: [3]

Meta-analysis on 4 RCTs provided in this publication [3] shows the mortality results from each out of 4
trials, stratified according to initial respiratory support Figure A3. A rate ratio for death in all 4 RCTs, all
severity groups, (remdesivir vs. control) was not statistically significant different; 0.91 (95% CI, 0.79 to

1.05).

Safety outcomes

Adverse events were not published in this preliminary report.

4.3.4

Living Systematic Reviews with Meta-analyses results

According to the current two Living Systematic Reviews with Meta-Analyses (MAs) with high, moderate,
low and very low certainty of evidence related to 4 RCTs (Wang, Beigel, Spinner and SOLIDARITY-
Remdesivir) [19-21]7, and the WHO meta-analysis [4, 6] on remdesivir compared with standard
care/placebo, only three outcomes are statistically significant different in favour of remdesivir: Incidence
of WHO progression score (level 6 or above) D14-D28 compared to standard treatment: RR 0.68 (0.55
to 0.85) (moderate certainty of evidence); Incidence of WHO progression score level 7 or above at days

7 https://covid-nma.com/living_data/index.php
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D14-D28 (2 RCTs): RR 0.70, 95% CI 0.59 to 0.82) (high certainty of evidence); and Serious adverse
events (3 RCTs): RR 0.74, 95% CI 0.62 to 0.88 (moderate certainty of evidence). Details on other
outcomes can be found in the Summary of Findings Table 4.3 and in Table A10 in Appendix 3.

A subgroup analysis of the WHO meta-analysis [4, 6] indicated that remdesivir treatment possibly
increased mortality in the critically ill and possibly reduced mortality in the non-severely and severely ill.
The panel judged the overall credibility of this subgroup effect (evaluated using the ICEMAN tool) to be
insufficient to make subgroup recommendations. The overall low certainty evidence on the benefits and
harms of remdesivir, driven by risk of bias and imprecision limitations in the included studies, also
contributed to the judgment. For this analysis, critical illness was defined as those requiring invasive or
non-invasive ventilation; severe illness as those requiring oxygen therapy (but not meeting critical illness
criteria); and non-severe as all others. Patients requiring high-flow nasal cannula represented a small
proportion and were characterized as either severe (SOLIDARITY) or critical (ACTT-1, Wang). The
analysis focused on within-study subgroup comparisons across the different severities, and therefore
the SIMPLE-MODERATE trial could not be included in the subgroup analysis as it only enrolled patients
with non-severe COVID-19. Important factors influencing this decision included a lack of a priori
hypothesized direction of subgroup effect by trial investigators, little or no previously existing supportive
evidence for the subgroup finding, and relatively arbitrary cut points used to examine the subgroups of
interest. The overall low certainty evidence for the benefits and harms of remdesivir, driven by risk of
bias and imprecision limitations, also contributed to the judgment.
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Table 4.3. Summary of findings (SoF) table for published RCTs related to effectiveness of Remdesivir (4 RCTs: Wang, Spinner, Beigel, WHO
SOLIDARITY trial consortium)

Patient or populatioMild/Moderate/Severe/Criticel [ZO

Setting Wordwide
InterventionRemdesivir

ComparisonStandard Care/Placebo

187 more)

Outcome Anticipated absolute effects Relative effect Absolute effect Number of Certainty of | Comments
(95% ClI) (95% Cl) difference participants evidence®
Risk with Risk with (95% CI) (studies) (GRADE)
Standard care? Remdesivir
All-cause 112 per 1.000 101 per 1.000 RR 0.90 11 fewer per 1.000 | 7345 (4 RCTs) aaa Imprecision downgraded by 1
Mortality? (82 to 125) (0.731t0 1.11) (from 30 fewer to 12 | Spinner, 2020 MODERATE | level: due to wide confidence
more) [27]; SOLIDARITY interval consistent with the
[3], 2020; Beigel, possibility for benefit and the
2828 Eg]é]Wang, possibility for harm and low
number of events
Clinical 759 per 1.000 805 per 1.000 RR 1.06 46 more per 1.000 | 832 (2 RCTs) ada Imprecision downgraded by 1
improvement (751 to 858) (0.99t0 1.13) (from 8 fewer to 99 Spinner, 2020 MODERATE | level: due to low number of
D14-D28P more) EQ Wang, 2020 events and/or participants
WHO 193 per 1.000 131 per 1.000 RR 0.68 62 fewer per 1.000 | 1894 (3 RCTs) aaa Risk of bias downgraded by 1
progression (106 to 164) (0.55 t0 0.85) (from 87 fewer to 29 | Beigel, 2020 [2]; MODERATE | level: some concerns due to
score (level 6 or fewer) Spinner, 2020 deviation from intended
above) D14-D28P [27]; Wang, 2020 intervention and outcome
(28] measurement
WHO 178 per 1.000 124 per 1.000 RR 0.70 53 fewer per 1.000 | 1894 (3 RCTs) aaaa
progression (100 to 156) (0.56 to 0.88) (from 78 fewer to 21 | Beigel, 2020 [2]; HIGH
score level 7 or fewer) Spinner, 2020
above D14-28P [27]; Wang, 2020
[28]
Viral negative 492 per 1.000 502 per 1.000 RR 1.02 10 more per 1.000 196 (1 RCT) a Risk of bias downgraded by 1
conversion D7° (374 t0 679) (0.76 to 1.38) (from 118 fewer to Wang, 2020 [28] VERY LOW | level: some concerns with

missing data

Indirectness downgraded by 1
level: despite a multicenter
design this is a single study
from a single country, therefore
results in this population might
not be generalizable to other
settings

Imprecision downgraded by 1
level: due to wide confidence
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Outcome Anticipated absolute effects Relative effect Absolute effect Number of Certainty of | Comments
(95% ClI) (95% ClI) difference participants evidence®
Risk with Risk with (95% CI) (studies) (GRADE)
Standard care? Remdesivir
interval consistent with the
possibility for benefit and the
possibility for harm and low
number of events
Adverse events® | 583 per 1.000 542 per 1.000 RR 0.93 41 fewer per 1.000 | 1894 (2 RCTs) aaaa Presume that the adverse event
(496 to 589) (0.8510 1.01) (from 87 fewer to 6 | Wang, 2020 [28]; | HIGH rates, and the corresponding
more) Beigel, 2020 [2]; relative risks, are similar across
diverse settings; therefore not
downgraded for indirectness
Serious adverse | 40 per 1.000 24 per 1.000 RR 0.60 16 fewer per 1.000 | 1894 (3 RCTs) aaa Presume that the adverse event
events® (15 to 38) (0.38't0 0.96) (from 25 fewer to 2 | Beigel, 2020 [2]; MODERATE | rates, and the corresponding
fewer) Spinner, 2020 relative risks, are similar across
[27]; Wang, 2020 diverse settings; therefore not
(28] downgraded for indirectness
Imprecision downgraded by 1
level: few events and a wide
confidence interval consistent
with the possibility of a benefit
and the possibility of no effect.
Serious adverse | 15 per 1.000 15 per 1000 OR 1.00 0 fewer per 1.000 1894 G a Very serious imprecision
events leading (0.37 - 3.83) (from 9 fewer to 40 (3 RCTs) Low
to more) Beigel, 2020 [2];
discontinuation ¢ Spinner, 2020
[27]; Wang, 2020
[28]
Mechanical 105 per 1000 95 per 1000 OR: 0.89 10 fewer per 1000 6549 (4 RCTs) aa Due to serious risk of bias and
ventilation °© (0.76 - 1.03) (from 23 fewer to 3 Spinner, 2020 Low serious imprecision

more)

[27]; SOLIDARITY
[3], 2020; Beigel,
2020 [2]; Wang,
2020 [28]
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Outcome Anticipated absolute effects Relative effect Absolute effect Number of Certainty of | Comments
(95% ClI) (95% ClI) difference participants evidence®
Risk with Risk with (95% CI) (studies) (GRADE)
Standard care? Remdesivir
Duration of 14.7 Days mean | 13.4 Days mean | Measured by: Difference: MD 1.3 440 & a Due to very serious imprecision
ventilation ¢ Scale: lower lower (2 RCTs) Low
better (from 4.1 lower to Wang, 2020 [28];
1.5 higher) Beigel, 2020 [2];
Time to clinical 11.0 Days mean | 9.0 Days mean Measured by: Difference: 1882 (3 RCTs) aa Due to serious imprecision and
improvement © Scale: lower Beigel, 2020 [2]; Low serious indirectness
better MD 2.0 lower Spinner, 2020
(from 4.2 lower to EQ Wang, 2020
0.9 higher)
Duration of 12.8 Days mean | 12.3 Days mean | Measured by: Difference: 1882 G a Due to serious imprecision and
hospitalization © Scale: lower (3 RCTs) Low serious indirectness
better MD 0.5 lower Beigel, 2020 [2],
Spinner, 2020
(from 3.3 lower to
: [27]; Wang, 2020
2.3 higher) 18]
Number of 478 per 1.000 540 per 1,000 RR 1.13 (1.02to | 62 more per 1.000 | 1894 (3 RCTs) adaa Downgraded of one level for
patients (488 to 593) 1.24) (from 10 more to Beigel, 2020 [2]; MODERATE | high risk of performance bias in
discharged 115 more) Spinner, 2020 two studies and unclear risk of

within 28 days ¢

[27]; Wang, 2020
[28]

selection, attrition and reporting
bias in one study

Source: based on publications [2-4, 6, 27, 28]
For an overview of which sources were used to present the certainty of evidence on the specific outcomes, please also see Table 3.1

@ Background risk in the control group is based on the observed risk in the studies;
b outcome data and GRADE assessment from Covid-nma.com ref 19, https://covid-nma.com/living_data/index.php (The evidence profile and summary of findings table were updated on November

17th, 2020);

€ Outcome data and GRADE assessment from WHO guideline [4, 6]

4 Qutcome data and GRADE assessment from the department of Epidemiology Lazio Regional Health Service (DEPLazio), Italy [19, 21], http:/deplazio.net/farmacicovid/index.html;

¢ GRADE Working Group grades of evidence: High certainty=we are very confident that the real effect is close to that of the estimated effect; Moderate certainty=we are moderately confident in the
effect estimation: the real effect may be close to the estimated effect, but there is a possibility that it is substantially different; Low certainty=our confidence in the effect estimation is limited: the real
effect may be substantially different from the estimated effect; Very Low certainty=we have very little confidence in estimating the effect: the actual effect is likely to be substantially different from the

estimated one. Risk of bias assessments from https://covid-nma.com/living_data/index.php

Abbreviations: Cl= confidence interval; RR=relative risk; OR=0dds ratio.
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4.4 Ongoing studies

There are several registered ongoing clinical trials evaluating remdesivir alone or in combination with
another pharmacotherapy in COVID-19 patients in ClinicalTrials.gov and EUdraCT registers (e.g., with
the Janus kinase inhibitor baricitinib in ACTT-2 trial - NCT04401579, interferon beta-1a in ACTT-3 trial
T NCT04492475, with cenicriviroc or icatibant or razuprotafib or apremilast in [-SPY_COVID trial i
NCT04488081, with infliximab or abatacept in ACTIV-1 IM trial T NCT04593940, with risankizumab in
BET-A trial i NCT04583956).
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5 DISCUSSION

Evidence on effectiveness and safety of remdesivir versus placebo plus standard care comes from four
published RCTs [2, 3, 27, 28].The biggest is the SOLIDARITY trial, in which the number of participants
is almost ten times that of ACTT-1 trial [3].

In a meta-analysis of these four trials that included over 7000 patients with COVID-19 of all severities,
according to the results of four RCTs with moderate certainty of evidence, remdesivir has no effect on
mortality in COVID-19 patients compared to standard treatment [20]. According to the results of three
RCTs, remdesivir decreases the incidence of WHO progression score level 6 or above (moderate
certainty of evidence), as well as the WHO progression score level 7 or above D14-D28 (high certainty
of evidence), compared to standard treatment. According to the results of one RCT with very low
certainty of evidence, remdesivir has no effect on viral clearance, compared to standard treatment [20].
According to the results of three RCTs with moderate certainty of evidence, remdesivir increases the
number of discharged patients within 28 days compared to standard treatment [19, 21]. According to
low certainty of evidence, remdesivir has no effect on outcomes mechanical ventilation (4 RCTs); time
to clinical improvement (3 RCTs); duration of hospitalisation (3 RCTs); duration of mechanical ventilation
(2 RCTs) and serious adverse events leading to discontinuation (3 RCTs), compared to standard
treatment [4, 6]. According to the results of two RCTs with high certainty of evidence, remdesivir does
not increase adverse events compared to standard treatment and according to the results of three RCTs
with moderate certainty of evidence, remdesivir decreases the number of patients with SAEs compared
to standard treatment [20].

A WHO subgroup analysis indicated that remdesivir treatment possibly increased mortality in the
critically ill COVID-19 patients and possibly reduced mortality in the non-severely and severely ill but the
WHO panel judged the overall credibility of this subgroup effect (evaluated using the ICEMAN tool) to
be insufficient to make subgroup recommendations. The overall low certainty evidence on the benefits
and harms of remdesivir, driven by risk of bias and imprecision limitations in the included studies, also
contributed to the judgment [4, 6]. The WHO panel highlighted that despite the conditional
recommendation against remdesivir, they support further enrolment into RCTs evaluating remdesivir,
especially to provide higher certainty of evidence for specific subgroups of patients.

After the original report was published [1], on October 22, 2020 the U.S. Food and Drug
Administration approved remdesivir for use in adult and paediatric patients 12 years of age and older
and weighing at least 40 kilograms (about 88 pounds) for the treatment of COVID-19 requiring
hospitalization. Recently, the FDA has also issued an emergency use authorization (EUA) for the Janus
kinase inhibitor baricitinib to be used in combination with remdesivir in patients with COVID-19 who
require oxygen or ventilatory support [17].

According to the currently published scientific evidence, the effect of remdesivir on acute kidney injury
compared to standard treatment should be interpreted with caution due to low certainty of evidence (two
RCTs, Odds ratio: 0.85 (95% CI 0.51 - 1.41); 8 fewer per 1000 (95% CI 27 fewer - 21 more)), compared
to standard treatment [4, 29]. On Octo b e r 02, 2020 EMA announced
(PRAC) has started a review of a safety signal to assess reports of acute kidney injury in some patients
with COVID-19 taking remdesivir [16].

Recently, the WHO panel made a conditional recommendation against the use of remdesivir in
hospitalized patients with COVID-19, regardless of disease severity [4, 6], with new information and
recommendations on remdesivir after publication of results from the WHO SOLIDARITY trial [3].

When moving from evidence to the conditional recommendation against the use of remdesivir in
hospitalized patients with COVID-19, the panel emphasized the evidence suggesting no important effect
on mortality, need for mechanical ventilation, time to clinical improvement, and other patient important
outcomes. Considering the low or very low certainty evidence for all outcomes, the panel concluded that
the evidence did not prove that remdesivir has no benefit; rather, there is no evidence based on currently
available data that it does improve patient-important outcomes. The panel placed low value on small
and uncertain benefits in the presence of the remaining possibility of important harms. In addition, the
panel considered contextual factors such as resources, feasibility, acceptability and equity for countries
and health care systems [4, 6].
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The US COVID-19 Treatment Guidelines Panel issued new recommendations on pharmacological
treatment for patients with COVID-19 (as of December 3, 2020) [5]: Remdesivir is recommended for use
in hospitalized patients who require supplemental oxygen. However, it is not routinely recommended for
patients who require mechanical ventilation due to the lack of data showing benefit at this advanced
stage of the disease.

Limitations

In ACTT-1 trial the primary endpoint was initially defined as the difference in clinical status using an
ordinal scale, but was subsequently changed to the time to recovery. However, as the treatment effect
on the ordinal scale (the initial primary endpoint) was statistically significant, the change in the definition
of the primary endpoint appears not to be a threat to the internal validity of the study [2, 30]. Some study
personnel were unblinded to treatment allocation (i.e., the pharmacist who prepared the study drug and
the nurse who administered the treatment). But outcomes were assessed by blinded study personnel.
Due to shortage of placebo at some sites, normal saline was used as a replacement, but efforts were
made to maintain the blinding by administration of study drugs in opaque bags and tubing. Baseline
information on comorbidities was missing or incomplete for 14 (1.3%) patients. The use of co-
interventions was permitted according the local protocol. More patients in the placebo group received
antibiotics (85.9% vs 78.9%), vasopressors (37.8% vs 27.6%), and corticosteroids (24.4% vs 21.6%).
More patients in the placebo group required mechanical invasive ventilation (42.6% vs 32.5%),
suggesting that patients in the placebo group might suffer from more severe disease than patients in
the remdesivir group [2, 30].

SOLIDARITY trial also has some limitations. Full study report is not yet published. In the preliminary
report with interim results adverse events were not reported. The Solidarity trial has one possible source
of heterogeneity not normally encountered in explanatory trials 8 variation within and between countries
in the standard of care and in the burden of disease in patients who arrive at hospitals. This could be a
limitation for internal validity to demonstrate efficacy (the goal of explanatory trials), but also could
represent the strength of the study, conducted in real word environments, to demonstrate comparative
effectiveness [31, 32]. Due to open label design, some secondary outcomes like initiation of mechanical
ventilation could be biased. Hospitalisation duration could have been infuenced by t he s-tudyo6s
label design as management strategies impacting these outcomes are at the discretion of the
investigator, who was aware of treatment assignment. This outcome may also be influenced by resource
availability. Some baseline comorbidities were not reported, like hypertension and obesity, which could
impact the generalisability of results. The same is true for the timing of symptoms duration before
treatment initiations. Detailed data on disease severity was not collected. Longer-term follow up data
are not known yet [3, 33-35].

These four RCT had patients included with varying severity of COVID-19 and disease severity was not
consistent with WHO definitions of disease severity for COVID-19, specifically in two RCTs in which
severe stratum included also patients with critical COVID-19 (44.1% of patients in Beigel (ACTT-1) trial
received invasive mechanical ventilation at baseline and 16.1% in Wang RCT; 8.9% of patients in
SOLIDARITY) trial).

Evidence gaps

Uncertainties for remdesivir are related to effects on critical outcomes of interest, particularly those that
impact resource allocation (the need for mechanical ventilation, duration of mechanical ventilation, and
duration of hospitalisation); specific subgroups, such as different severities of illness, different time
(days) since onset of illness, children and older adults, pregnant women, duration of therapy; long term
outcomes (such as 1-year endpoint) examining mortality or long term quality of life; long term safety and
rare but important side effects; patient-reported outcomes such as symptom burden; outcomes when
used in combination with other agents such as, but not limited to, corticosteroids; Impact on viral
shedding, viral clearance, patient infectivity [3, 30, 33-35]

None of the included RCTs enrolled children, and although older people were included in the trials, their
outcomes were not reported separately. The applicability of this recommendation to children is currently
uncertain. Further enrolment of patients is needed into RCTs evaluating remdesivir, especially to provide
higher certainty of evidence for specific subgroups of patients. There remains uncertainty related to the
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optimal dosing of remdesivir in paediatric patients, pregnant patients, and patients with renal or hepatic
impairment [3, 30, 33-35] (Table Al1, Appendix 4).

Treatment with an antiviral drug alone is not likely to be sufficient for all patients. There are several
registered ongoing clinical trials evaluating remdesivir alone or in combination with another
pharmacotherapy in COVID-19 patients in ClinicalTrials.gov and EUdraCT registers. The availability of
full clinical study reports for completed trials to allow open and robust scrutiny of the trials is needed.
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6 SUMMARY OF CLINICAL EFFECTIVENESS AND SAFETY WITH
CONCLUSION

Please find below a summary of the effectiveness and safety evidence from the four included RCTSs.
6.1 Clinical effectiveness

6.1.1 All-cause mortality
1 Mixed population (moderate to critical COVID-19)

According to the results of four RCTs [2, 3, 27, 28] with moderate certainty of evidence, remdesivir has
no effect on all-cause mortality in COVID-19 patients; RR 0.90 (0.73 to 1.11); absolute effect estimate
11 fewer per 1.000 (from 30 fewer to 12 more).

6.1.2 Clinical improvement D14-D28
1 Mixed population (moderate to severe COVID-19)

According to the results of two RCTs [27, 28], remdesivir has no effect on clinical improvement D14-
D28 (moderate certainty of evidence): RR 1.06 (0.99 to 1.13); 46 more per 1.000 (from 8 fewer to 99
more).

6.1.3 Incidence of WHO progression score
1 Mixed population (moderate to critical COVID-19)

According to the results of three RCTs [2, 27, 28], with moderate certainty of evidence, remdesivir
decreases the incidence of WHO progression score (level 6 or above) D14-D28 compared to standard
treatment: RR 0.68 (0.55 to 0.85); 62 fewer per 1.000 (from 87 fewer to 29 fewer)

According to the results of three RCTs [2, 27, 28], with high certainty of evidence, remdesivir
decreases the incidence of WHO progression score level 7 or above D14-28 compared to standard
treatment. RR 0.70 (0.56 to 0.88); 53 fewer per 1.000 (from 78 fewer to 21 fewer).

6.1.4 Viral clearance
1 Severe COVID-19

According to the results of one RCT [28], with very low certainty of evidence, remdesivir has no effect
on viral clearance compared to standard treatment: RR 1.02 (0.76 to 1.38); 10 more per 1.000 (from
118 fewer to 187 more).

6.1.5 Number of patients discharged within 28 days
1 Mixed population (moderate to critical COVID-19)

According to the results of three RCTs [2, 27, 28], remdesivir increases the number of discharged
patients compared to standard treatment (moderate certainty of evidence); RR 1.13 (1.02 to 1.24);
absolute effect estimate 62 more per 1.000 (from 10 more to 115 more).

6.1.6 Mechanical ventilation; Time to clinical improvement; Duration of ventilation; Duration
of hospitalization

According to low certainty of evidence, remdesivir has no effect on outcomes Mechanical ventilation (4
RCTs [2, 3, 27, 28], Odds ratio: 0.89 (95% CI 0.76 - 1.03); 10 fewer per 1000 (95% CI 23 fewer - 3
more); Time to clinical improvement (3 RCTs [2, 27, 28], 11.0 Days mean vs 9.0 Days mean; MD 2.0
lower (95% CI 4.2 lower - 0.9 higher); Duration of ventilation (2 RCTs, [2, 28]), 14.7 Days mean vs 13.4
Days mean; MD 1.3 lower (95% CI 4.1 lower i 1.5 higher), and Duration of hospitalization (3 RCTs [2,
27, 28], 12.8 Days mean vs 12.3 Days mean; MD 0.5 lower (95% CI 3.3 lower - 2.3 higher), compared
to standard treatment.
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6.2 Safety

6.2.1 Number of patients with adverse events and serious adverse events

Number of patients with adverse events

1 Mixed population (moderate to critical COVID-19)

According to the results of two RCTs[2, 28], remdesivir has no effect on increase of adverse events
compared to standard treatment (high certainty of evidence).

Number of patients with serious adverse events

1 Mixed population (moderate to critical COVID-19)

According to the results of three RCTs [2, 27, 28], remdesivir decreases the number of patients with
SAEs compared to standard treatment (moderate certainty of evidence).

Serious adverse events leading to discontinuation

Remdesivir has no effect on Serious adverse events leading to discontinuation (three RCTs [2, 27,
28], Odds ratio: 1.00 (95% CI1 0.37 - 3.83); 0 fewer per 1000 (95% CI 9 fewer - 40 more), compared to
standard treatment (low certainty of evidence).

6.3 Scientific conclusion
Based on the living synthesis of currently available scientific evidence from 4 RCTs:

1  According to the results of four RCTs with moderate certainty of evidence, remdesivir has no effect on
mortality in COVID-19 patients compared to standard treatment;

% According to the results of three RCTs, remdesivir decreases the incidence of WHO progression score
level 6 or above (moderate certainty of evidence), as well as the WHO progression score level 7 or
above D14-D28 (high certainty of evidence), compared to standard treatment;

9 According to the results of one RCT with very low certainty of evidence, remdesivir has no effect on
viral clearance, compared to standard treatment;

§  According to the results of three RCTs with moderate certainty of evidence, remdesivir increases the
number of discharged patients within 28 days compared to standard treatment;

% According to low certainty of evidence, remdesivir has no effect on outcomes mechanical ventilation
(4 RCTs); time to clinical improvement (3 RCTs); duration of ventilation (2RCTSs); duration of
hospitalisation (3 RCTs) and serious adverse events leading to discontinuation (3 RCTs), compared
to standard treatment;

1 According to the results of two RCTs with high certainty of evidence, remdesivir does not increase
adverse events compared to standard treatment;

1 According to the results of three RCTs with moderate certainty of evidence, remdesivir decreases the
number of patients with SAEs compared to standard treatment.

Evidence gaps:

§ Results on some short or long-term effectiveness outcomes are still awaited: frequency of ICU
admission; time to ICU admission; length of ICU stay; frequency of multiple organ dysfunction
syndrome/acute respiratory distress syndrome/shock/organ failure; duration of invasive mechanical
ventilation or ECMO; pulmonary function; health-related quality of life, as well for other short term
and long-term safety outcomes on appropriate patient sample size;

1 Further RCTs examining remdesivir alone, or in combination with other investigational drugs, for
treatment of COVID-19 patients are under way. The availability of full clinical study reports for
completed trials to allow open and robust scrutiny of the trials is needed,;

1 Update of this document is envisaged after new evidence is available.
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APPENDIX 1: CLINICAL GUIDELINES FOR MANAGEMENT

Table Al. Visual summary of recommendations on remdesivir and dexamethasone
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Usual supportive care
No additional practical issues

Individual considerations b

Remdesivir

Values and preferences

The panel concluded that most patients would not prefer intravenous treatment with remdesivie Biven the low certainty
evidence. Any beneficial effects of remdesivir, if they do exist, are likely to be small and the possibility of important harm
remains, They acknowledged, however, that values and preferences are likely to vary, and there will be patients and
clinicians who choose to use remdesivir given the evidence has not excluded the possibility of benefit

Related to corticosteroids [4, 6, 15]

Visual summary of recommendation

o8, .

?%¢ Population

This recommendation applies only
to people with these characteristics:

Patients with
confirmed
covid-19

Disease severity

v v v
Absence of signs Sp0, <90% Requires life
of severe or on room air sustaining treatment
critical disease
Respiratory rate Acute respiratory
>30in adults distress syndrome
Raised respiratory o Sepsis
rate in children
Septic shock
Signs of severe
respiratory distress

Recommendation 2

Non-severe Severe Critical

Recommendation 1

515 Interventions compared

Usual
supportive care

Corticosteroids

Dexamethasone

Oral or intravenous

Daily for
7-10days

\[e}
corticosteroids

Suggested regimen

Hydrocortisone

Intravenous

Methylprednisolone

Intravenous

Every 8 hours
for 7-10 days

Every 6 hours
for 7-10 days

O

Acceptable alternative regimens

Prednisone

Oral

Daily for
7-10 days
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“ Recommendation 1

Usual supportive care

Corticosteroids

Strong Weak

(3
99 critical covic-19 We recommend corticosteroids

Patients with severe and

. Evidence profile
Favours usual supportive care No important difference Favours corticosteroids

Within 28 days (~—— Events per 1000 people ———————, Evidence quality
Mortality with critical iliness 415 87 fewer 328 # % %  Moderate
Mortality with severe iliness 334 67 fewer 267 * % %  Moderate

Serious adverse events ~—— Events per 1000 people Evidence quality
Gastrointestinal bleeding 48 51 * % Low
Superinfections 186 188 * Low
Hyperglycaemia 286 46 fewer 332 # & %  Moderate
Neuromuscular weakness 69 75 *%k  Low
Neuropsychiatric effects 35 28 *%  Low

Not measured
Time to symptom resolution Unknown
Duration of intensive care unit stay Unknown
Duration of mechanical ventilation Unknown

i Individual considerations

Key practical issues

Usual supportive care Corticosteroids

No additional practical issues Absolute contraindications for 7 to 10 day courses
of corticosteroid treatment are rare

Recommended regimens are available globally, and relatively inexpensive
No clear differences in efficacy or adverse effects between different corticosteroids

Values and preferences

The panel inferred that all or aimost all fully informed patients with severe or critical covid-19 would choose to take
corticosteroids. In considering potential contraindications, clinicians must determine if they warrant depriving a patient
from a potentially lifesaving treatment
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€€ Recommendation 2

Usual supportive care Corticosteroids
Strong m Weak Strong
ﬁi :f,i,?::,:':covi 4-19 We suggest no corticosteroids

. Evidence profile
Favours usual supportive care No important difference Favours corticosteroids

Within 28 days ~—— Events per 1000 people ——————— Evidence quality
Mortality with non-severe iliness 4] 39 fewer 215 * % Low

i Individual considerations

Key practical issues

Usual supportive care Corticosteroids

No additional practical issues In order to help guarantee access to therapy for severe and critical covid-19
patients, it is reasonable to avoid administering corticosteroids to patients who

are less likely to derive benefit

Values and preferences

The panel inferred that most fully informed individuals with non-severe iliness would not want to receive corticosteroids,
but many could want to consider this intervention through shared decision-making with their treating physician. When

treating patients with non-severe disease, even after 7 days of symptoms, the panel concluded that it was preferable to err
on the side of no corticosteroids
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US NIH guideline [5]
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