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KEY QUESTION 1
What are the effectiveness and harms of remdesivir
in patients with coronavirus disease 2019 (COVID-19)?

KEY QUESTION 2

Do effectiveness and harms vary by symptom dura-
tion, disease severity, and treatment duration?

BACKGROUND

Remdesivir, a broad-spectrum antiviral agent admin-
istered intravenously, was developed and studied as a po-
tential treatment for Ebola virus disease and Marburg vi-
rus infection (1-3). In vitro and in vivo preclinical studies
found antiviral activity for remdesivir against corona-like
viruses, including Middle East respiratory syndrome coro-
navirus (4-6), severe acute respiratory syndrome corona-
virus (SARS-CoV-1) (5), the circulating human coronavi-
ruses HCoV-OC42 and HCoV-229E (7), and SARS-CoV-2
(8). Currently, the effectiveness of remdesivir is being
tested as a treatment for patients infected with SARS-
CoV-2 (COVID-19) and has been authorized for emer-
gency use for treating COVID-19, by the U.S. Food and
Drug Administration (9) in the United States, and in other
countries (10-13).

The American College of Physicians (ACP) Scientific
Medical Policy Committee (SMPC) based these rapid and
living practice points (Table 1) on a systematic evidence
review conducted by the U.S. Department of Veterans Af-
fairs (VA) Evidence Synthesis Program in Minneapolis,
Minnesota (14) (Appendix, available at Annals.org). This
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version of the practice points, based on a search com-
pleted on 3 June 2020 and updated through 31 August
2020, was approved by the ACP's Executive Committee
of Board of Regents on behalf of the Board of Regents on
14 August 2020 and submitted to Annals of Internal Med-
icine on 13 August 2020. Because many studies are
planned or under way, literature surveillance is ongoing,
with updates currently planned for every 2 months
through December 2021. The target audience for these
practice points includes clinicians and the public. The tar-
get patient population includes all nonpregnant patients
with COVID-19.

Critical and important outcomes were determined
by the evidence review team in collaboration with meth-
odological and content experts. The magnitude of the ef-
fect (such as little or no, slight, modest, or large) for critical

@ Table 1. Practice Points

e Use remdesivir* for 5 days as a treatment for patients with moderatet
COVID-19.

e Use remdesivir* for 5 days as a treatment for patients with severet
COVID-19 who do not require mechanical ventilation or extracorporeal
membrane oxygenation (ECMO).

e Consider extending the use of remdesivir* to 10 days in patients with
severet COVID-19 requiring mechanical ventilation or ECMO within a
5-day course.

COVID-19 = coronavirus disease 2019.

* Remdesivir is not recommended for patients with an alanine amino-
transferase level =5 times the upper limit of normal or an estimated
glomerular filtration rate <30 mL/min/1.73 m? (see further details in
Table 3).

T Within the evidence reviewed, severe COVID-19 is defined as hos-
pitalized patients meeting =1 of the following criteria: radiographic
infiltrates on imaging or clinical assessment, an oxygen saturation
level <94% on room air, tachypnea (respiratory rate >24 breaths per
minute without supplemental oxygen), or the need for supplemental
oxygen or mechanical ventilation; moderate COVID-19 is defined as
hospitalized patients with radiographic evidence of pulmonary infil-
trates and oxygen saturation >94% on room air; and mild COVID-19
was not defined (14).
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Table 2. Thresholds for Determining Magnitude of Effect*

Outcome Little/No Effect Small Modest Large
Effectt Effectt Effect§
Critical outcomes
All-cause mortality, % <1 1t02.9 3to 4.9 >5
Recovery, % <2 2t0 4.9 5t0 9.9 =10
Length of stay, d <1 >1to2 NA =3
Serious adverse event, % <1 1t0 4.9 5t0 9.9 =10
Important outcomes
Time to recovery, d <1 >1to 2 NA >3
Clinical improvement, % <2 2t0 4.9 5t0 9.9 =10
Time to clinical improvement, d <1 >1to 2 >2to <3 >3
Mechanical ventilation or ECMO, % <1 1t0 4.9 5t0 9.9 >10
Nonserious/any adverse event, % <2 2to 4.9 5t0 19.9

ECMO = extracorporeal membrane oxygenation; NA = not applicable.

* Measured as absolute risk difference (when not otherwise specified).
T Described as “Slight increase or decrease.”

T Described as “Modest increase or decrease.”

§ Described as “Large increase or decrease.”

and important outcomes was determined by applying
thresholds prespecified by the evidence review team
(Table 2). Table 3 presents clinical considerations, the
Figure and Tables 4 and 5 summarize current evidence,
and Table 6 identifies additional evidence gaps. Appen-
dix Tables 1 and 2 (available at Annals.org) present the
data estimates supporting the practice points.

RATIONALE

Use of Remdesivir in Patients With Moderate
COVID-19

Table 4 summarizes the current evidence on the
use of remdesivir in patients with moderate COVID-19.

Overall, the current evidence points toward a net
benefit for remdesivir in patients with moderate
COVID-19 and suggests that a shorter treatment period
(5 days) is as effective as a longer one (10 days), with no
increase in harms (16). Low-certainty evidence shows
that the 5-day course may be superior for mortality,
recovery, and clinical improvement; however, low-

certainty evidence also shows improvement for several
outcomes when comparing the 10-day course to pla-
cebo. Thus, the SMPC believes that it is reasonable to
consider extending treatment to 10 days for patients
whose condition does not improve during the initial 5
days. Because the overall certainty of evidence is low
across the comparisons, the SMPC has flagged course
duration as a particular area of interest for further dis-
cussion and close monitoring.

Evidence from 1 randomized controlled trial (RCT)
(16) compared a 5- or 10-day course of remdesivir with
standard care, although “standard care” was not de-
fined. Among outcomes rated as critical, remdesivir (5-
or 10-day course) may reduce mortality slightly and re-
sult in slightly fewer serious adverse events compared
with standard care (low certainty). Evidence also
showed a modest increase in recovery and clinical im-
provement with a 5-day course, and slight increases in
recovery and clinical improvement with a 10-day
course, compared with standard care (low certainty). A

#) Table 3. Clinical Considerations

e Remdesivir is currently administered only by IV infusion, generally in hospital settings.

® 5-d course in adults is 200 mg IV on day 1 followed by 100 mg/d for a total of 5 d (5 doses).

¢ 10-d course in adults is 200 mg IV on day 1 followed by 100 mg/d for a total of 10 d (10 doses).

e The practice points do not apply to pregnant women, because they were excluded from the studies included in the evidence review.

¢ A greater percentage of patients with severe COVID-19 (not requiring mechanical ventilation or ECMO) treated within 10 d of symptom onset vs. after 10 d
of symptom onset with a 5- or 10-d course of remdesivir were discharged from the hospital (17).

* The effectiveness of a 10-d course of remdesivir in reducing time to recovery in patients with severe COVID-19 may not vary by age, sex, or race (15).

¢ Not enough information was reported in the studies included in the evidence review to determine what other treatment interventions, including

experimental or off-label medications, were given in parallel to remdesivir.

e Currently, the cost of a 5-d course of remdesivir in the United States varies from $2340 (Indian Health Services and VA) to $3120 ($520/vial) (U.S. insurers,
including Medicare and Medicaid). The cost for persons without insurance is currently $390/vial (14, 19).
® The FDA recommends that clinicians assess kidney and hepatic function at baseline and during treatment (8). The FDA recommends the following:

o Not using remdesivir in patients with an eGFR <30 mL/min/1.73 m?.

o Discontinuing the use of remdesivir if ALT levels increase to =5 times the upper limit of normal or any ALT elevation is accompanied by signs or
symptoms of liver inflammation, or increasing conjugated bilirubin levels, alkaline phosphatase levels, or INR.
e The FDA reports that hypersensitivity reactions, including infusion-related and anaphylactic reactions have been observed during and after remdesivir
administration (9). Additional adverse events include endocrine and metabolic (hyperglycemia, increased serum glucose), hepatic (increased serum ALT

and AST levels), and renal (renal toxicity) events (9, 20).

ALT = alanine aminotransferase; AST = aspartate aminotransferase; COVID-19 = coronavirus disease 2019; ECMO = extracorporeal membrane
oxygenation; eGFR = estimated glomerular filtration rate; FDA = U.S. Food and Drug Administration; INR = international normalized ratio; IV =

intravenous; VA = U.S. Department of Veterans Affairs.

230 Annals of Internal Medicine « Vol. 174 No. 2 « February 2021

Annals.org

Downloaded from https://annals.org by Trina Navas on 03/09/2021.


http://www.annals.org
http://www.annals.org

Use of Remdesivir to Treat COVID-19

CLINICAL GUIDELINE

Figure. Evidence description.

4 Studies

(4 RCTs)*

4 studies (15-18)

Interventions

Countries

2293

Participants

Risk of Bias of
Individual
Studies

Remdesivir (5-d
course), 200 mg on
day 1 followed by
100 mg on days 2-5
(16, 17)

Remdesivir (10-d
course), 200 mg on
day 1 followed by
100 mg on days 2—
10 (15, 16), or for
up to 10 d, or
until hospital
discharge (18)

Multinational: 3
studies (15-17)
(including sites in
China, Denmark,
France, Germany,
Greece, Hong Kong,
Italy, Japan, Korea,
Mexico, the
Netherlands,
Singapore, Spain,
Sweden,
Switzerland, Taiwan,
United Kingdom,
and United States)

- Low
COVID-19 positive (15, 16, 18)
I~ Moderate
Hospitalized “7)

Average age, 60 y

Approximately 72 %
male, 28% female

Patients with

China: 1 study (18)

severet COVID-19
(15, 17, 18)**
Patients with
moderatet COVID-
19 (16)

The evidence search and assessment were conducted by the U.S. Department of Veterans Affairs Evidence Synthesis Program, Minneapolis,
Minnesota (14). Current search for evidence, completed on 3 June 2020, aimed to identify RCTs evaluating remdesivir for treatment of patients with
COVID-19. COVID-19 = coronavirus disease 2019; ECMO = extracorporeal membrane oxygenation; RCT = randomized controlled trial.

* Patients requiring mechanical ventilation or ECMO were excluded from 1 RCT (17); therefore, despite a few patients (3.3%) developing a
requirement for invasive mechanical ventilation between screening and the beginning of the treatment, this study is analyzed as being represen-
tative of patients with severe disease not requiring mechanical ventilation or ECMO at baseline.

T Within the evidence reviewed, severe COVID-19 is defined as hospitalized patients meeting =1 of the following criteria: radiographic infiltrates on
imaging, an oxygen saturation level <94% on room air, tachypnea (respiratory rate >24 breaths per minute without supplemental oxygen), or need
for supplemental oxygen or mechanical ventilation; moderate COVID-19 is defined as hospitalized patients with radiographic infiltrates and oxygen
saturation greater than 94% on room air; and mild COVID-19 was not defined (14).

T Most (88.7%) of the participants enrolled in 1 RCT (16) had severe disease, so this study is analyzed as being representative of patients with severe

disease.

5-day course may also reduce time to recovery slightly
(low certainty), but evidence is insufficient to make any
conclusions about a 10-day course. Both courses of
remdesivir (5- and 10-day) may slightly reduce the
need for invasive mechanical ventilation or extracorpo-
real membrane oxygenation (ECMO) (low certainty).
However, the occurrence of any adverse events may
increase with a 5-day course (slight effect) and with a
10-day course (modest effect) compared with standard
care (low certainty).

Evidence comparing a 5- versus 10-day course of
remdesivir (16) showed that a 5-day course may reduce
mortality slightly and may increase recovery (modest ef-
fect) and clinical improvement (slight effect) compared
with a 10-day course (low certainty). However, evidence
showed little to no difference between the 2 courses in
reducing the need for invasive mechanical ventilation or
ECMO (low certainty), and evidence is insufficient to show
a difference in time to recovery. Evidence for potential
harms showed that a 5-day course may result in fewer
adverse events (any) compared with a 10-day course
(modest effect), although the shorter course may not re-
sult in fewer serious adverse events (low certainty).

No evidence was found for any effect on other crit-
ical outcomes (hospital length of stay) or important out-
comes (time to clinical improvement, nonserious ad-
verse events) with either course in patients with
moderate COVID-19. No evidence was identified as to

Annals.org

whether outcomes vary by symptom duration in pa-
tients with moderate COVID-19.

Use of Remdesivir in Patients With Severe
COVID-19

Table 5 summarizes the current evidence on the
use of remdesivir in patients with severe COVID-19 (15,
17, 18).

Overall, the current evidence points toward a net
benefit for a 10-day course of remdesivir in patients
with severe COVID-19 (including those requiring me-
chanical ventilation or ECMO at baseline) compared
with placebo (15, 18). No evidence was found compar-
ing a 5-day course of remdesivir with placebo or stan-
dard care in patients with severe COVID-19. In the ab-
sence of this direct evidence, the SMPC looked at the
indirect evidence that a 5-day course is as effective as a
10-day course of remdesivir with the same, or probably
fewer, potential harms in patients with severe COVID-19
not requiring mechanical ventilation or ECMO at baseline
(17). In addition, the compliance data showed that a 10-
day course (10 doses) was used in 40.8% of patients with
severe COVID-19 (including those requiring mechanical
ventilation or ECMO at baseline), and 38.1% received
fewer than 10 doses because they recovered and were
discharged from the hospital (15). However, for a sub-
group of patients with severe COVID-19 receiving me-
chanical ventilation or ECMO at day 5, extending treat-
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Table 4. Evidence Summary for Patients With Moderate* COVID-19: What Information Does the Evidence Provide?

Outcome Study Design Evidence Certainty of
(Patients, n) Evidencet

Remdesivir (5-d Course) vs. Placebo/Standard Care in Patients With Moderate* COVID-19
Critical outcomes

Mortality 1RCT (391) Remdesivir (5-d course) may reduce mortality slightly Low
compared with standard care (16)
Recoveryt 1 RCT (391) Remdesivir (5-d course) may result in a modest increase Low
in recovery compared with standard care (16)
Hospital length of stay NA No evidence No evidence
Serious adverse events§ 1 RCT (391) Remdesivir (5-d course) may reduce serious adverse Low

events slightly compared with standard care (16)

Important outcomes

Time to recoveryt 1 RCT (391) Remdesivir (5-d course) may reduce time to recovery Low
slightly compared with standard care (16)
Clinical improvement]| 1 RCT (391) Remdesivir (5-d course) may result in a modest increase Low
in clinical improvement compared with standard
care (16)
Time to clinical improvement]| NA No evidence No evidence
Invasive mechanical ventilation/ECMO 1 RCT (391) Remdesivir (5-d course) may reduce the need for Low

invasive mechanical ventilation or ECMO slightly

compared with standard care (16)
Nonserious adverse events§ NA No evidence No evidence
Any adverse events§ 1 RCT (391) Remdesivir (5-d course) may increase adverse events Low

slightly compared with standard care (16)

Remdesivir (10-d Course) vs. Placebo/Standard Care in Patients With Moderate* COVID-19
Critical outcomes

Mortality 1RCT (393) Remdesivir (10-d course) may reduce mortality slightly Low
compared with standard care (16)

Recoveryt 1RCT (393) Remdesivir (10-d course) may increase recovery slightly Low
compared with standard care (16)

Hospital length of stay NA No evidence No evidence

Serious adverse events§ 1 RCT (393) Remdesivir (10-d course) may reduce serious adverse Low

events slightly compared with standard care (16)

Important outcomes

Time to recoveryt 1 RCT (393) Very uncertain about the effect of remdesivir (10-d Insufficient
course) compared with standard care on time to
recovery (16)

Clinical improvement]| 1RCT (393) Remdesivir (10-d course) may increase clinical Low
improvement slightly compared with standard
care (16)

Time to clinical improvement]| NA No evidence No evidence

Invasive mechanical ventilation/ECMO 1 RCT (393) Remdesivir (10-d course) may reduce the need for Low
invasive mechanical ventilation or ECMO slightly
compared with standard care (16)

Nonserious adverse events§ NA No evidence No evidence

Any adverse events§ 1 RCT (393) Remdesivir (10-d course) may result in a modest Low
increase in adverse events compared with standard
care (16)

Remdesivir (5-d Course) vs. Remdesivir (10-d Course) in Patients With Moderate* COVID-19
Critical outcomes

Mortality 1 RCT (384) Remdesivir 5-d course may reduce mortality slightly Low
compared with remdesivir 10-d course (16)
Recoveryt 1 RCT (384) Remdesivir 5-d course may result in a modest increase Low

in recovery compared with remdesivir 10-d

course (16)
Hospital length of stay NA No evidence No evidence
Serious adverse events§ 1 RCT (384) Remdesivir 5-d course may not reduce serious adverse Low

effects compared with remdesivir 10-d course (16)

Important outcomes

Time to recoveryt NA Very uncertain about the effect of remdesivir 5-d course Insufficient
compared with remdesivir 10-d course on time to
recovery (16)

Clinical improvement]| 1RCT (384) Remdesivir 5-d course may increase clinical Low
improvement slightly compared with remdesivir 10-d
course (16)

Time to clinical improvement]| NA No evidence No evidence

Continued on following page
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Table 4-Continued

Outcome Study Design Evidence Certainty of
(Patients, n) Evidencet
Invasive mechanical ventilation/ECMO 1 RCT (384) Remdesivir 5-d course may not reduce the need for Low
invasive mechanical ventilation or ECMO compared
with remdesivir 10-d course (16)
Nonserious adverse events§ NA No evidence No evidence
Any adverse events§ 1 RCT (384) Remdesivir 5-d course may result in a modest reduction Low

in adverse events compared with remdesivir 10-d
course (16)

COVID-19 = coronavirus disease 2019; ECMO = extracorporeal membrane oxygenation; NA = not applicable; RCT = randomized controlled trial.
* Within the evidence reviewed, severe COVID-19 is defined as hospitalized patients meeting =1 of the following criteria: radiographic infiltrates on
imaging, an oxygen saturation level <94% on room air, tachypnea (respiratory rate >24 breaths per minute without supplemental oxygen), or need
for supplemental oxygen or mechanical ventilation; moderate COVID-19 is defined as hospitalized patients with radiographic infiltrates and oxygen
saturation >94% on room air; and mild COVID-19 was not defined (14).

T Certainty of evidence: insufficient, confidence is inadequate to assess the likelihood of benefit (benefit minus harm) of an intervention or its impact
on a health outcome; low, confidence in the effect is limited because the true effect may be substantially different from the estimated effect;
moderate, confidence in the effect is moderate because the true effect is probably close to the estimated effect, but a sizable possibility exists that
it is substantially different; high, confidence that the true effect is close to the estimated effect.

T Recovery is defined as discharge from the hospital or hospitalization for infection control purposes only in 1 RCT (15, 18) and discharge from the
hospital or hospitalized but not requiring supplemental oxygen or ongoing medical care in 3 RCTs (17).

§ Serious adverse events reported in studies included in the evidence review (15-17) were acute coronary syndrome, acute kidney injury, acute
respiratory distress syndrome, acute respiratory failure, increased aminotransferase levels, atrial fibrillation, bronchitis, cardiac arrest, cardiopulmo-
nary failure, increased D-dimer, deep venous thrombosis, diabetic ketoacidosis, dyspnea, endotracheal intubation, decreased glomerular filtration
rate, hemorrhage of lower digestive tract, hypotension, hypoxia, ileus, lung abscess, mechanical ventilation, multiple organ dysfunction syndrome,
respiratory distress, respiratory failure, pneumothorax, pulmonary embolism, pulmonary failure, recurrence of COVID-19, septic shock, sepsis,
shock, tachycardia, thrombocytopenia, and viral pneumonia. Nonserious adverse events reported in studies included in the evidence review (16)
were acidosis, acute kidney injury, alkalosis, increased aspartate aminotransferase, anemia, atrial fibrillation, decreased blood albumin, increased
blood bilirubin, increased blood glucose, increased blood creatinine, deep venous thrombosis, delirium, dyspnea, decreased glomerular filtration
rate, decreased hemoglobin, hyperglycemia, hypertension, hypoalbuminemia, hypotension, hypoxia, decreased lymphocyte count, lymphopenia,
pneumonia, increased prothrombin time, pyrexia, respiratory distress, increased aminotransferase levels, and decreased urine creatinine clearance.
Any adverse events reported in studies included in the evidence review (15, 17) were acute kidney injury, acute respiratory failure, increased alanine
aminotransferase, anemia, increased aspartate aminotransferase, increased blood glucose, increased blood lipids, increased blood urea nitrogen,
constipation, hyperlipidemia, hypoalbuminemia, hypokalemia, hypotension, insomnia, nausea, increased neutrophil count, rash, respiratory failure,
increased serum potassium, reduced serum sodium, thrombocytopenia, increased total bilirubin, vomiting, and increased leukocyte count.

|| Clinical improvement is defined as a 2-point reduction in patients' hospitalization status on a 6-point ordinal scale (1 = live discharge to 6 = death)
or live discharge from the hospital, whichever came first (18), and as an improvement of at least 2 points from baseline on a 7-point ordinal scale
(1 = death to 7 = discharged from hospital) (17).

ment to 10 days may be beneficial compared with
discontinuing treatment on day 5 (17).

Evidence from 2 RCTs (15, 18) showed that among
outcomes rated as critical, a 10-day course of remdesi-
vir compared with placebo may slightly reduce mortal-
ity (low certainty) and probably increases recovery by a
large effect (moderate certainty), and that there are
probably fewer serious adverse events (modest effect,
moderate certainty). Evidence from 1 RCT showed that
a 10-day course may not reduce hospital length of
stay (low certainty) (18). Low-certainty evidence also
showed improvement with a 10-day course compared
with placebo for the following important outcomes:
time to recovery (large effect), clinical improvement
(modest effect), time to clinical improvement (slight ef-
fect), the need for mechanical ventilation or ECMO
(slight effect), and nonserious adverse events (slight ef-
fect). Evidence was insufficient regarding differences in
any adverse events.

For a 10-day course of remdesivir compared with
placebo, the outcomes of mortality (18), time to recov-
ery (15), and time to clinical improvement (18) did not
vary by symptom duration (<10 days vs. >10 days), and
time to recovery also did not vary by baseline oxygen-
ation or ventilation requirements (15). No evidence was
found on whether other outcomes vary by symptom
duration.

Evidence from 1 RCT (17) that compared a 5-day
course with a 10-day course of remdesivir showed that

Annals.org

the 5-day course may reduce mortality slightly versus
the 10-day course in patients with severe COVID-19
who did not require mechanical ventilation or ECMO at
baseline (17). However, a post hoc analysis suggested
that a 5- versus a 10-day course might result in a large
increase in mortality among the most critical patients of
those with severe COVID-19 (those receiving mechani-
cal ventilation or ECMO at day 5) (17). Treatment be-
yond 5 days did not improve mortality among patients
who were receiving noninvasive positive pressure ven-
tilation or high-flow oxygen, those receiving low-flow
oxygen, or those breathing ambient air. This finding
suggests that extending treatment to 10 days for pa-
tients receiving mechanical ventilation or ECMO at day
5 may be beneficial (17). Compared with a 10-day
course, a 5-day course shows a modest increase in
recovery, a slight decrease in the time to recovery,
and a modest reduction in the need for mechanical
ventilation or ECMO (low certainty). Evidence for po-
tential harms showed that a 5-day course of remde-
sivir results in fewer serious adverse events (large ef-
fect, low certainty) and a fewer number of any
adverse events (slight effect, low certainty) compared
with a 10-day course.

From American College of Physicians, Philadelphia, Pennsyl-
vania (A.Q., .E.); American College of Physicians, Philadel-
phia, and Villanova University, Villanova, Pennsylvania (J.Y.);
University of Massachusetts Medical School and Saint Vincent
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Table 5. Evidence Summary for Patients With Severe* COVID-19: What Information Does the Evidence Provide?

Outcome Study Design Evidence Certainty of
(Patients, n) Evidencet

Remdesivir (5-d Course) vs. Placebo/Standard Care in Patients With Severe* COVID-19
No evidence

Remdesivir (10-d Course) vs. Placebo/Standard Care in Patients With Severe* COVID-19
Critical outcomes
Mortality 2 RCTs (1300) Remdesivir (10-d course) may reduce mortality slightly compared with Low
placebo (15, 18)f
Note: The effect of remdesivir (10-d course) does not vary by
symptom duration (<10 vs. >10 d)§ (18)

Recovery|| 2 RCTs (1300) Remdesivir (10-d course) probably results in a large increase in Moderate
recovery compared with placebo (15, 18)F

Hospital length of stay 1 RCT (237) Remdesivir (10-d course) may not reduce hospital length of stay Low
compared with placebo (15, 18)

Serious adverse events 2 RCTs (1300) Remdesivir (10-d course) probably results in a modest reduction in Moderate

serious adverse events compared with placebo (15, 18)f

Important outcomes
Time to recovery|| 1 RCT (1063) Remdesivir (10-d course) may result in a large reduction in time to Low
recovery compared with placebo (15)F
Note: The effect of remdesivir (10-d course) does not vary by
symptom duration (<10 vs. >10 d) or baseline oxygenation/
ventilation requirements§ (15)

Clinical improvement** 1 RCT (237) Remdesivir (10-d course) may result in a modest increase in clinical Low
improvement compared with placebo (18)
Time to clinical improvement** 1 RCT (237) Remdesivir (10-d course) may reduce time to clinical improvement Low

slightly compared with placebo (18)
Note: The effect of remdesivir (10-d course) does not vary by
symptom duration (<10 vs. >10 d)§ (18)

Invasive mechanical ventilation/ECMO 2 RCTs (1300) Remdesivir (10-d course) may reduce the need for mechanical Low
ventilation or ECMO slightly compared with placebo (15, 18)f

Nonserious adverse events 1 RCT (1063) Remdesivir (10-d course) may reduce nonserious adverse events Low
slightly compared with placebo (15)f

Any adverse events| 1RCT (237) Very uncertain about the effect of remdesivir (10-d course) compared Insufficient

with placebo on adverse events (18)

Remdesivir (5-d Course) vs. Remdesivir (10-d Course) in Patients With Severe* COVID-19
Critical outcomes
Mortality 1RCT (397) Remdesivir 5-d course may reduce mortality slightly compared with Low
remdesivir 10-d course (17)ft
Note: Remdesivir 5-d course compared with a 10-d course resulted in
an increase in mortality in patients who progressed to require
mechanical ventilation or ECMO at day 5§

Recovery|| 1RCT (397) Remdesivir 5-d course may result in a modest increase in recovery Low
compared with remdesivir 10-d course (17)tf

Hospital length of stay NA No evidence No evidence

Serious adverse events{| 1RCT (397) Remdesivir 5-d course may result in a large reduction in serious Low

adverse events compared with remdesivir 10-d course (17)3F

Important outcomes
Time to recovery|| 1RCT (397) Remdesivir 5-d course may reduce time to recovery slightly compared Low
with remdesivir 10-d course (17)ft
Clinical improvement** 1 RCT (397) Remdesivir 5-d course may result in a modest increase in clinical Low
improvement compared with remdesivir 10-d course (17)fF
Time to clinical improvement** NA No evidence No evidence
Invasive mechanical ventilation/ECMO 1 RCT (397) Remdesivir 5-d course may result in a modest reduction in the need Low
for mechanical ventilation or ECMO compared with remdesivir 10-d
course (17)ft
Nonserious adverse eventsl NA No evidence No evidence
Any adverse events| 1 RCT (397) Remdesivir 5-d course may reduce adverse events slightly compared Low
with remdesivir 10-d course (17)ft
Continued on following page
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Table 5-Continued

COVID-19 = coronavirus disease 2019; ECMO = extracorporeal membrane oxygenation; NA = not applicable; RCT = randomized controlled trial.
* Within the evidence reviewed, severe COVID-19 is defined as hospitalized patients meeting =1 of the following criteria: radiographic infiltrates on
imaging, an oxygen saturation level <94% on room air, tachypnea (respiratory rate >24 breaths per minute without supplemental oxygen), or the
need for supplemental oxygen or mechanical ventilation; moderate COVID-19 is defined as hospitalized patients with radiographic infiltrates and
oxygen saturation >94% on room air; and mild COVID-19 was not defined (14).

T Certainty of evidence: insufficient, confidence is inadequate to assess the likelihood of benefit (benefit minus harm) of an intervention or its impact
on a health outcome; low, confidence in the effect is limited because the true effect may be substantially different from the estimated effect;
moderate, confidence in the effect is moderate because the true effect is probably close to the estimated effect, but a sizable possibility exists that
it is substantially different; high, confidence that the true effect is close to the estimated effect.

T Most (88.7%) of the participants enrolled in 1 RCT (15, 18) had severe disease, so this study is analyzed as being representative of patients with
severe disease.

§ Determined from a subgroup analysis; the certainty of evidence was not assessed for this comparison.

|| Recovery is defined as discharge from the hospital or hospitalization for infection control purposes only in 1 RCT (15, 18) and as discharge from
the hospital or hospitalized but not requiring supplemental oxygen or ongoing medical care in 3 RCTs (17, 18).

9 Serious adverse events reported in studies included in the evidence review (15-17) were acute coronary syndrome, acute kidney injury, acute
respiratory distress syndrome, acute respiratory failure, increased aminotransferase levels, atrial fibrillation, bronchitis, cardiac arrest, cardiopulmo-
nary failure, increased D-dimer, deep venous thrombosis, diabetic ketoacidosis, dyspnea, endotracheal intubation, decreased glomerular filtration
rate, hemorrhage of lower digestive tract, hypotension, hypoxia, ileus, lung abscess, mechanical ventilation, multiple organ dysfunction syndrome,
respiratory distress, respiratory failure, pneumothorax, pulmonary embolism, pulmonary failure, recurrence of COVID-19, septic shock, sepsis,
shock, tachycardia, thrombocytopenia, and viral pneumonia. Nonserious adverse events reported in studies included in the evidence review (16)
were acidosis, acute kidney injury, alkalosis, increased aspartate aminotransferase, anemia, atrial fibrillation, decreased blood albumin, increased
blood bilirubin, increased blood glucose, increased blood creatinine, deep venous thrombosis, delirium, dyspnea, decreased glomerular filtration
rate, decreased hemoglobin, hyperglycemia, hypertension, hypoalbuminemia, hypotension, hypoxia, decreased lymphocyte count, lymphopenia,
pneumonia, increased prothrombin time, pyrexia, respiratory distress, increased aminotransferase levels, and decreased urine creatinine clearance.
Any adverse events reported in studies included in the evidence review (15, 17) were acute kidney injury, acute respiratory failure, increased alanine
aminotransferase, anemia, increased aspartate aminotransferase, increased blood glucose, increased blood lipids, increased blood urea nitrogen,
constipation, hyperlipidemia, hypoalbuminemia, hypokalemia, hypotension, insomnia, nausea, increased neutrophil count, rash, respiratory failure,
increased serum potassium, reduced serum sodium, thrombocytopenia, increased total bilirubin, vomiting, and increased leukocyte count.

** Clinical improvement is defined as a 2-point reduction in patients' hospitalization status on a é-point ordinal scale (1 = live discharge to 6 = death)
or live discharge from the hospital, whichever came first (18), and as an improvement of at least 2 points from baseline on a 7-point ordinal scale
(1 = death to 7 = discharged from hospital) (17).

11 Patients requiring mechanical ventilation or ECMO were excluded from 1 RCT (17), so despite a few patients (3.3%) developing a requirement
for invasive mechanical ventilation between screening and the beginning of the treatment, this study is analyzed as being representative of patients
with severe disease not requiring mechanical ventilation or ECMO at baseline.

Hospital, Worcester, Massachusetts (G.M.A.); University of Illi-
nois College of Medicine at Urbana-Champaign, Champaign,
lllinois (J.AJ.); Penn Medicine, Philadelphia, Pennsylvania
(M.A.F., M.C.M.); and Portland Veterans Affairs Medical Cen-
ter and Oregon Health & Science University, Portland, Oregon
(L.L.H.).

Note: The Practice Points are developed by the SMPC of the
ACP. The Practice Points are “guides” only and may not apply
to all patients and all clinical situations. All Practice Points are
considered automatically withdrawn or invalid 5 years after
publication, or once an update has been issued.

Financial Statement: Financial support for the development of
the Practice Points comes exclusively from the ACP operating
budget.

Disclosures: All financial and intellectual disclosures of inter-
est were declared and potential conflicts were discussed and

7 Table 6. Evidence Gaps

¢ Additional rigorous studies are needed to assess the effectiveness of
remdesivir to treat COVID-19 in patients with mild, moderate, and
severe COVID-19.

e Additional rigorous studies are needed to assess the optimal treatment
duration depending on COVID-19 disease severity.

¢ A need exists for studies assessing whether outcomes vary by symptom
duration in patients with moderate COVID-19, and additional studies
are needed to confirm existing findings in patients with severe
COVID-19.

e Future studies should consider evaluating additional critical and
important clinical outcomes, such as respiratory failure or duration of
mechanical ventilation.

COVID-19 = coronavirus disease 2019.

Annals.org

managed. Dr. Obley participated in discussion of the practice
points but was recused from authorship and voting due to a
moderate-level conflict of interest (author of supporting sys-
tematic review). A record of disclosures of interest and man-
agement of conflicts of is kept for each SMPC meeting and
conference call and can be viewed at https://www.acponline
.org/about-acp/who-we-are/leadership/boards-committees
-councils/scientific-medical-policy-committee/disclosure-of
-interests-and-conflict-of-interest-management-summary-for
-scientific-medical-policy. Disclosures can also be viewed at
www.acponline.org/authors/icmje/ConflictOfInterestForms
.do?msNum=M20-5831.

Corresponding Author: Amir Qaseem, MD, PhD, MHA, Amer-
ican College of Physicians, 190 N. Independence Mall West,
Philadelphia, PA 19106; e-mail, agaseem®@acponline.org.

Current author addresses and author contributions are avail-
able at Annals.org.

Ann Intern Med. 2021;174:229-236. doi:10.7326/M20-5831

References

1. Warren TK, Jordan R, Lo MK, et al. Therapeutic efficacy of the
small molecule GS-5734 against Ebola virus in rhesus monkeys. Na-
ture. 2016;531:381-5. [PMID: 26934220] doi:10.1038/nature 171801
2. Agostini ML, Andres EL, Sims AC, et al. Coronavirus susceptibility
to the antiviral remdesivir (GS-5734) is mediated by the viral poly-
merase and the proofreading exoribonuclease. mBio. 2018;9.
[PMID: 29511076] doi:10.1128/mBi0.00221-18

Annals of Internal Medicine « Vol. 174 No. 2 » February 2021 235

Downloaded from https://annals.org by Trina Navas on 03/09/2021.


https://www.acponline.org/about-acp/who-we-are/leadership/boards-committees-councils/scientific-medical-policy-committee/disclosure-of-interests-and-conflict-of-interest-management-summary-for-scientific-medical-policy
https://www.acponline.org/about-acp/who-we-are/leadership/boards-committees-councils/scientific-medical-policy-committee/disclosure-of-interests-and-conflict-of-interest-management-summary-for-scientific-medical-policy
https://www.acponline.org/about-acp/who-we-are/leadership/boards-committees-councils/scientific-medical-policy-committee/disclosure-of-interests-and-conflict-of-interest-management-summary-for-scientific-medical-policy
https://www.acponline.org/about-acp/who-we-are/leadership/boards-committees-councils/scientific-medical-policy-committee/disclosure-of-interests-and-conflict-of-interest-management-summary-for-scientific-medical-policy
https://www.acponline.org/about-acp/who-we-are/leadership/boards-committees-councils/scientific-medical-policy-committee/disclosure-of-interests-and-conflict-of-interest-management-summary-for-scientific-medical-policy
http://www.acponline.org/authors/icmje/ConflictOfInterestForms.do?msNum=M20-5831
http://www.acponline.org/authors/icmje/ConflictOfInterestForms.do?msNum=M20-5831
mailto:aqaseem@acponline.org
http://www.annals.org
http://www.annals.org

CLINICAL GUIDELINE

3. Madelain V, Baize S, Jacquot F, et al. Ebola viral dynamics in
nonhuman primates provides insights into virus immuno-
pathogenesis and antiviral strategies. Nat Commun. 2018;9:4013.
[PMID: 30275474] doi:10.1038/s41467-018-06215-z

4. Sheahan TP, Sims AC, Leist SR, et al. Comparative therapeutic
efficacy of remdesivir and combination lopinavir, ritonavir, and inter-
feron beta against MERS-CoV. Nat Commun. 2020;11:222. [PMID:
31924756] doi:10.1038/s41467-019-13940-6

5. Varga A, Lionne C, Roy B. Intracellular metabolism of nucleoside/
nucleotide analogues: a bottleneck to reach active drugs on HIV re-
verse transcriptase. Curr Drug Metab. 2016;17:237-52. [PMID:
26651972]

6. de Wit E, Feldmann F, Cronin J, et al. Prophylactic and therapeutic
remdesivir (GS-5734) treatment in the rhesus macaque model of
MERS-CoV infection. Proc Natl Acad Sci U S A. 2020;117:6771-6776.
[PMID: 32054787] doi:10.1073/pnas. 1922083117

7. Brown AJ, Won JJ, Graham RL, et al. Broad spectrum antiviral
remdesivir inhibits human endemic and zoonotic deltacoronaviruses
with a highly divergent RNA dependent RNA polymerase. Antiviral
Res. 2019;169:104541. [PMID: 31233808] doi:10.1016/j.antiviral
.2019.104541

8.Wang M, Cao R, Zhang L, et al. Remdesivir and chloroquine effec-
tively inhibit the recently emerged novel coronavirus (2019-nCoV) in
vitro [Letter]. Cell Res. 2020;30:269-271. [PMID: 32020029] doi:10
.1038/541422-020-0282-0

9. U.S. Food and Drug Administration. Fact sheet for health care pro-
viders. Emergency Use Authorization (EUA) of Veklury (remdesivir). Ac-
cessed at www.fda.gov/media/137566/download on 18 June 2020.
10. India approves emergency use of remdesivir to treat Covid-19
patients. Times of India. 2 June 2020. Accessed at https://timesof
india.indiatimes.com/india/india-approves-emergency-use-of
-remdesivir-to-treat-covid-19-patients/articleshow/76152949.cms
on 2 June 2020.

11. Japan approves remdesivir for COVID-19 despite uncertainties.
The Asahi Shimbun. 8 May 2020. Accessed at www.asahi.com/ajw
/articles/13358075 on 8 May 2020.

236 Annals of Internal Medicine ¢ Vol. 174 No. 2 « February 2021

Use of Remdesivir to Treat COVID-19

12. Roberts M. Coronavirus: UK authorises anti-viral drug remdesivir.
BBC News. 26 May 2020. Accessed at www.bbc.com/news/health
-52805828 on 26 May 2020.

13. Reuters Staff. Singapore approves remdesivir drug for emer-
gency COVID-19 treatment. 10 June 2020. Accessed at https://es
.reuters.com/article/healthcareSector/idUKLAN2DN25Q on 10 June
2020.

14. Wilt TJ, Kaka AS, MacDonald R, et al. Rapid Response: COVID-
19: Remdesivir for Hospitalized Adults. Evidence Synthesis Program,
Health Services Research and Development Service, Office of Re-
search and Development, Department of Veterans Affairs; 2020. VA
ESP Project 09-009.

15. Beigel JH, Tomashek KM, Dodd LE, et al; ACTT-1 Study Group
Members. Remdesivir for the treatment of covid-19 - preliminary re-
port. N Engl J Med. 2020. [PMID: 32445440] doi:10.1056/NEJMoa
2007764

16. Spinner CD, Gottlieb RL, Criner GJ, et al; GS-US-540-5774 Inves-
tigators. Effect of remdesivir vs standard care on clinical status at 11
days in patients with moderate COVID-19: a randomized clinical trial.
JAMA. 2020;324:1048-1057. [PMID: 32821939] doi:10.1001/jama
.2020.16349

17. Goldman JD, Lye DCB, Hui DS, et al; GS-US-540-5773 Investiga-
tors. Remdesivir for 5 or 10 days in patients with severe Covid-19. N
Engl J Med. 2020. [PMID: 32459919] doi:10.1056/NEJM0a2015301
18. Wang Y, Zhang D, Du G, et al. Remdesivir in adults with severe
COVID-19: a randomised, double-blind, placebo-controlled, multi-
centre trial. Lancet. 2020;395:1569-1578. [PMID: 32423584] doi:10
.1016/S0140-6736(20)31022-9

19. O'Day D. An open letter from Daniel O’'Day, Chairman & CEO,
Gilead Sciences. Accessed at https://stories.gilead.com/articles/an
-open-letter-from-daniel-oday-june-29 on 29 June 2020.

20. Lexicomp. Remdesivir (United States: Investigational agent; refer
to Prescribing and Access Restrictions): Drug information. Accessed
at www.uptodate.com/contents/remdesivir-united-states-investigational
-agent-refer-to-prescribing-and-access-restrictions-drug-information on
18 June 2020.

Annals.org

Downloaded from https://annals.org by Trina Navas on 03/09/2021.


http://www.fda.gov/media/137566/download
https://timesofindia.indiatimes.com/india/india-approves-emergency-use-of-remdesivir-to-treat-covid-19-patients/articleshow/76152949.cms
https://timesofindia.indiatimes.com/india/india-approves-emergency-use-of-remdesivir-to-treat-covid-19-patients/articleshow/76152949.cms
https://timesofindia.indiatimes.com/india/india-approves-emergency-use-of-remdesivir-to-treat-covid-19-patients/articleshow/76152949.cms
http://www.asahi.com/ajw/articles/13358075
http://www.asahi.com/ajw/articles/13358075
http://www.bbc.com/news/health-52805828
http://www.bbc.com/news/health-52805828
https://es.reuters.com/article/healthcareSector/idUKL4N2DN25Q
https://es.reuters.com/article/healthcareSector/idUKL4N2DN25Q
https://stories.gilead.com/articles/an-open-letter-from-daniel-oday-june-29
https://stories.gilead.com/articles/an-open-letter-from-daniel-oday-june-29
http://www.uptodate.com/contents/remdesivir-united-states-investigational-agent-refer-to-prescribing-and-access-restrictions-drug-information
http://www.uptodate.com/contents/remdesivir-united-states-investigational-agent-refer-to-prescribing-and-access-restrictions-drug-information
http://www.annals.org

Current Author Addresses: Dr. Qaseem: American College of
Physicians, 190 N Independence Mall West, Philadelphia, PA
19106.

Dr. Yost: 800 Lancaster Avenue, Villanova, PA 19085.

Dr. Etxeandia-lkobaltzeta: 1, Santa Margarita Hospital Street,
Ground Floor 2, Office 1, Room 2, 20303 Irun, Gipuzkoa,
Spain.

Dr. Abraham: 123 Summer Street, Suite 370, North Worces-
ter, MA 01608.

Dr. Jokela: Carle Forum, 611 West Park, Urbana, IL 61801.
Dr. Forciea: 3615 Chestnut Street, Philadelphia, PA 19104.
Dr. Miller: Penn Medicine Radnor, 145 King of Prussia Road,
Radnor, PA 19087.

Dr. Humphrey: 12310 Northwest Tualatin Avenue, Portland,
OR 97229.

Author Contributions: Conception and design: A. Qaseem, J.
Yost, |. Etxeandia-lkobaltzeta, M.A. Forciea, R. Haeme, D.L.
Kansagara, M. Marcucci, A. Obley.

Analysis and interpretation of the data: A. Qaseem, J. Yost, .
Etxeandia-lkobaltzeta, J.A. Jokela, M.A. Forciea, L.L. Hum-
phrey, R. Haeme, A.J. Obley.

Drafting of the article: A. Qaseem, J. Yost, |. Etxeandia-
lkobaltzeta, G.M. Abraham, R. Haeme, D.L. Kansagara.
Critical revision for important intellectual content: A. Qaseem,
J. Yost, I. Etxeandia-lkobaltzeta, G.M. Abraham, J.A. Jokela,
M.A. Forciea, M.C. Miller, L.L. Humphrey, E.A. Akl, R. Andrews,
R.M. Centor, R. Haeme, D.L. Kansagara, M. Marcucci, A.J. Obley.
Final approval of the article: A. Qaseem, J. Yost, |. Etxeandia-
lkobaltzeta, G.M. Abraham, J.A. Jokela, M.A. Forciea, M.C.
Miller, L.L. Humphrey, E.A. Akl, R. Andrews, T.A. Bledsoe, R.M.
Centor, R. Haeme, D.L. Kansagara, M. Marcucci.

Provision of study materials or patients: |. Etxeandia-
lkobaltzeta.

Statistical expertise: A. Qaseem, |. Etxeandia-lkobaltzeta.
Administrative, technical, or logistic support: A. Qaseem, J.
Yost.

Collection and assembly of data: J. Yost, I. Etxeandia-
lkobaltzeta.

Annals.org

APPENDIX: PRACTICE POINTS DEVELOPMENT
PROCESS

The SMPC, in collaboration with staff from ACP's De-
partment of Clinical Policy, developed these practice
points on the basis of a rapid and living systematic evi-
dence review conducted by the VA Evidence Synthesis
Program, Minneapolis, Minnesota (14). The SMPC com-
prises 11 internal medicine physicians representing vari-
ous clinical areas of expertise and 1 public (nonclinician)
member, and includes members with expertise in epide-
miology, evidence synthesis, health policy, and guideline
development. In addition to contributing clinical, scien-
tific, and methodological expertise, Clinical Policy staff
provided administrative support and liaised among the
SMPC, the evidence review funding entity and evidence
team, and the journal. Clinical Policy staff and the SMPC
reviewed and prioritized potential topic suggestions from
ACP members, SMPC members, and ACP governance. A
committee subgroup, including the SMPC chair, worked
with staff to draft the key questions and led the develop-
ment of the practice points. Clinical Policy staff worked
with the subgroup and an independent evidence review
team to refine the key questions and determine appropri-
ate evidence synthesis methods for each key question. Via
conference calls and e-mail, Clinical Policy staff worked
with the committee subgroup to draft the practice points
on the basis of the results of the rapid and living system-
atic evidence review. The full SMPC reviewed and ap-
proved the final practice points. Before journal submis-
sion, ACP's Executive Committee of the Board of Regents
also reviewed and approved the practice points on behalf
of the ACP Board of Regents. The evidence review team
will continually update the evidence review. The ACP will
update the practice points based on the evidence review
by using the same process as the first version described
above. Updates are currently planned for every 2 months
through December 2021. The SMPC will continuously as-
sess the priority of the topic and the overall state of evi-
dence, including the anticipated rate of new evidence,
and may choose to modify the update intervals accord-
ingly (any modifications will be described in an Update
Alert).
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Appendix Table 1. Estimates: Patients With Moderate* COVID-19t

Outcome Study Design Evidence Certainty of
(Patients, n) Evidencet

Remdesivir (5-d Course) vs. Placebo/Standard Care in Patients With Moderate* COVID-19
Critical outcomes

Mortality (FU: 11 d) 1 RCT (391) Remdesivir 5-d course, 0% (0/191), vs. standard care, Low
2% (4/200); ARD, —2.0% (95% Cl, —4.2% to 0.2%) (16)
Recovery§ (FU: 11 d) 1 RCT (391) Remdesivir 5-d course, 73.8% (141/191), vs. Low

standard care, 64% (128/200); ARD, 9.8% (Cl,
0.7% to 18.9%) (16)
Hospital length of stay NA No evidence NA
Serious adverse events|| (FU: 11 d) 1RCT (391) Remdesivir 5-d course, 4.7% (9/191), vs. standard care, Low
9.0% (18/200); ARD, —4.3% (Cl, =9.3% to 0.7%) (16)

Important outcomes
Time to recovery§ (FU: 11 d) 1 RCT (391) Remdesivir 5-d course, median 6 d (IQR, 5 to 10 d), vs. Low
standard care, median 7 d (IQR, 4 to 15 d); HR, 1.18
(Cl, 0.96 to 1.45) (16)

Clinical improvementq 1 RCT (391) Remdesivir 5-d course, 70.2% (134/191), vs. Low
(FU: 11 d) standard care, 60.5% (121/200); ARD, 9.7% (ClI,
0.3% to 19%) (16)
Time to clinical improvementq| NA No evidence NA
Invasive mechanical ventilation/ECMO 1 RCT (391) Remdesivir 5-d course, 0% (0/191), vs. standard care, Low
(FU: 11 d) 2.0% (4/200); ARD, -2.0% (Cl, =4.2% to 0.2%) (16)
Nonserious adverse events|| NA No evidence NA
Any adverse events|| (FU: 11 d) 1 RCT (391) Remdesivir 5-d course, 51.3% (98/191), vs. standard Low
care, 47.0% (93/200); ARD, 4.8% (Cl, =5.1% to
14.7%) (16)

Remdesivir (10-d Course) vs. Placebo/Standard Care in Patients with Moderate* COVID-19
Critical outcomes

Mortality (FU: 11 d) 1 RCT (393) Remdesivir 10-d course, 1.0% (2/193), vs. standard Low
care, 2.0% (4/200); ARD, —1.0% (Cl, —3.4% to
1.4%) (16)
Recovery§ (FU: 11 d) 1 RCT (393) Remdesivir 10-d course, 68.4% (132/193), vs. standard Low
care, 64% (128/200); ARD, 4.4% (Cl, —=4.9% to
13.7%) (16)
Hospital length of stay NA No evidence NA
Serious adverse events|| (FU: 11 d) 1 RCT (393) Remdesivir 10-d course, 5.2% (10/193), vs. Low

standard care, 9.0% (18/200); ARD, —3.8% (Cl,
—8.9% to —1.2%) (16)

Important outcomes
Time to recovery§ (FU: 11 d) 1 RCT (393) Remdesivir 10-d course, median 8 d (IQR, 4 to 13 d), vs. Insufficient
standard care, median 7 d (IQR, 4 to 15 d); HR, 1.11
(Cl,0.90to 1.37) (16)
Clinical improvementq] (FU: 11 d) 1 RCT (393) Remdesivir 10-d course, 65.3% (126/193), vs. standard Low
care, 60.5% (121/200); ARD, 4.8% (Cl, —4.8% to
14.3%) (16)
Time to clinical improvementq| NA No evidence NA
Invasive mechanical ventilation/ECMO 1RCT (393) Remdesivir 10-d course, 0.5% (1/193), vs. standard Low
(FU:11d) care, 2.0% (4/200); ARD, =1.5% (Cl, =3.7% to
0.7%) (16)
Nonserious adverse events|| NA No evidence NA
Any adverse events|| (FU: 11 d) 1 RCT (393) Remdesivir 10-d course, 58.5% (113/193), vs. Low
standard care, 47% (93/200); ARD, 12.0% (Cl,
2.2% to 21.9%) (16)

Remdesivir (5-d Course) vs. Remdesivir (10-d Course) in Patients With Moderate* COVID-19
Critical outcomes

Mortality (FU: 11 d) 1 RCT (384) Remdesivir 5-d course, 0% (0/191), vs. remdesivir, 10-d Low
course, 1.0% (2/193); ARD, —1.0% (Cl, —-2.8% to
0.7%) (16)

Recovery§ (FU: 11 d) 1 RCT (384) Remdesivir 5-d course, 73.8% (141/191), vs. remdesivir, Low

10-d course, 68.4% (132/193); ARD, 5.4% (Cl, =3.6%
to 14.5%) (16)

Hospital length of stay NA No evidence NA
Serious adverse events|| (FU: 11 d) 1 RCT (384) Remdesivir 5-d course, 4.7% (9/191), vs. remdesivir Low
10-d course, 5.2% (10/193); ARD, 0.5% (Cl,-4.8% to
3.9%) (16)

Continued on following page
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Appendix Table 1-Continued

Outcome Study Design Evidence Certainty of
(Patients, n) Evidencet
Important outcomes
Time to recovery§ (FU: 11 d) 1 RCT (384) Remdesivir 5-d course, median 6 d (IQR, 5to 10 d), vs. Insufficient

remdesivir 10-d course, median 8 d (IOR, 4 to 13 d);
HR not reported (16)
Clinical improvementq] (FU: 11 d) 1 RCT (384) Remdesivir 5-d course, 70.2% (134/191), vs. remdesivir Low
10-d course, 65.3% (126/193); ARD, 4.9% (Cl, —-4.5%
to 14.2%) (16)

Time to clinical improvement| NA No evidence NA
Invasive mechanical ventilation/ECMO 1 RCT (384) Remdesivir 5-d course, 0% (0/191), vs. remdesivir 10-d Low
course, 0.5% (1/193); ARD, —0.5% (Cl, —=1.9% to
0.9%) (16)
Nonserious adverse events|| NA No evidence NA
Any adverse events|| (FU: 11 d) 1 RCT (384) Remdesivir 5-d course, 51.3% (98/191), vs. remdesivir Low

10-d course, 58.5% (113/193); ARD, —=7.2% (Cl,
=17.2%t0 2.7%) (16)

ARD = absolute risk difference; COVID-19 = coronavirus disease 2019; ECMO = extracorporeal membrane oxygenation; FU = follow-up; HR =
hazard ratio; IQR = interquartile range; NA = not applicable; RCT = randomized controlled trial.

* Within the evidence reviewed, severe COVID-19 is defined as hospitalized patients meeting =1 of the following criteria: radiographic infiltrates on
imaging, an oxygen saturation level <94% on room air, tachypnea (respiratory rate >24 breaths per minute without supplemental oxygen), or the
need for supplemental oxygen or mechanical ventilation; moderate COVID-19 is defined as hospitalized patients with radiographic infiltrates and
oxygen saturation >94% on room air; and mild COVID-19 was not defined (14).

T Statistically significant findings are in boldface.

t Certainty of evidence: insufficient, confidence is inadequate to assess the likelihood of benefit (benefit minus harm) of an intervention or its
impact on a health outcome; low, confidence in the effect is limited because the true effect may be substantially different from the estimated effect;
moderate, confidence in the effect is moderate because the true effect is probably close to the estimated effect, but a sizable possibility exists that
it is substantially different; high, confidence that the true effect is close to the estimated effect.

§ Recovery is defined as discharge from the hospital or hospitalization for infection control purposes only in 1 RCT (15, 18) and as discharge from
the hospital or hospitalized but not requiring supplemental oxygen or ongoing medical care in 3 RCTs (17, 18).

|| Serious adverse events reported in studies included in the evidence review (15-17) were acute coronary syndrome, acute kidney injury, acute
respiratory distress syndrome, acute respiratory failure, increased aminotransferase levels, atrial fibrillation, bronchitis, cardiac arrest, cardiopulmo-
nary failure, increased D-dimer, deep venous thrombosis, diabetic ketoacidosis, dyspnea, endotracheal intubation, decreased glomerular filtration
rate, hemorrhage of lower digestive tract, hypotension, hypoxia, ileus, lung abscess, mechanical ventilation, multiple organ dysfunction syndrome,
respiratory distress, respiratory failure, pneumothorax, pulmonary embolism, pulmonary failure, recurrence of COVID-19, septic shock, sepsis,
shock, tachycardia, thrombocytopenia, and viral pneumonia. Nonserious adverse events reported in studies included in the evidence review (16)
were acidosis, acute kidney injury, alkalosis, increased aspartate aminotransferase, anemia, atrial fibrillation, decreased blood albumin, increased
blood bilirubin, increased blood glucose, increased blood creatinine, deep venous thrombosis, delirium, dyspnea, decreased glomerular filtration
rate, decreased hemoglobin, hyperglycemia, hypertension, hypoalbuminemia, hypotension, hypoxia, decreased lymphocyte count, lymphopenia,
pneumonia, increased prothrombin time, pyrexia, respiratory distress, increased aminotransferase levels, and decreased urine creatinine clearance.
Any adverse events reported in studies included in the evidence review (15, 17) were acute kidney injury, acute respiratory failure, increased alanine
aminotransferase, anemia, increased aspartate aminotransferase, increased blood glucose, increased blood lipids, increased blood urea nitrogen,
constipation, hyperlipidemia, hypoalbuminemia, hypokalemia, hypotension, insomnia, nausea, increased neutrophil count, rash, respiratory failure,
increased serum potassium, reduced serum sodium, thrombocytopenia, increased total bilirubin, vomiting, and increased leukocyte count.

9 Clinical improvement is defined as a 2-point reduction in patients' hospitalization status on a 6-point ordinal scale (1 = live discharge to 6 = death)
or live discharge from the hospital, whichever came first (18), and as an improvement of at least 2 points from baseline on a 7-point ordinal scale
(1 = death to 7 = discharged from hospital) (17).
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Appendix Table 2. Estimates: Patients With Severe* COVID-19t

Outcome Study Design Evidence Certainty of
(Patients, n) Evidencet

Remdesivir (5-d Course) vs. Placebo/Standard Care in Patients With Severe* COVID-19
No evidence

Remdesivir (10-d Course) vs. Placebo/Standard Care in Patients With Severe* COVID-19
Critical outcomes
Mortality (FU: range, 14-28 d) 2 RCTs (1300) Remdesivir 10-d course, 5.9% (32/538), vs. placebo, 10.4% (54/521); Low
ARD, —4.4% (95% Cl, —7.7% to —1.1%) measured at 14 d (15)§
Remdesivir 10-d course, 13.9% (22/158), vs. placebo, 12.8% (10/78); ARD,
1.1% (Cl, =8.1% to 10.3%) measured at 28 d (18)
Note: The effect of remdesivir (10-d course) by symptom duration|| (18):
¢ <10 d of symptoms: remdesivir, 11% (8/71), vs. placebo, 15% (7/47);
ARD, -3.6% (Cl, =16.2% to 8.9%)
* >10 d of symptoms: remdesivir, 14% (12/84), vs. placebo, 10%; ARD,
4.6% (Cl, -8.2% to 17.4%)
Recovery1l (FU: range, 28-29 d) 2 RCTs (1300) Remdesivir 10-d course, 62.1% (334/538), vs. placebo, 52.4% Moderate
(273/521); ARD, 9.7% (Cl, 3.7% to 15.6%) measured at 29 d (15)§
Remdesivir 10-d course, 70.7% (106/150), vs. placebo, 63.6% (49/77);
ARD, 7.0% (Cl, —=6.0% to 20.0%) measured at 28 d (18)

Hospital length of stay (FU: 28 d) 1 RCT (237) Remdesivir 10-d course, median 25 d (IQR, 16 to 38 d), vs. placebo, Low
median 24 d (IQR, 18 to 36 d); MD, 0 d (Cl, -4.0 to 4.0 d) (18)
Serious adverse events** (FU: range, 2 RCTs (1300) Remdesivir 10-d course, 21.1% (114/541), vs. placebo, 27.0% Moderate
28-29d) (141/522); ARD, —5.9% (Cl, —11.1% to —0.8%) measured at
29d (15)§

Remdesivir 10-d course, 18.1% (28/155), vs. placebo, 25.6% (20/78); ARD,
—7.6% (Cl, =19.0% to 3.9%) measured at 28 d (18)

Important outcomes
Time to recoveryq (FU: 29 d) 1 RCT (1063) Remdesivir 10-d course, median 11 d (IQR, 9 to 12 d), vs. placebo, Low

median 15 d (IQR, 13 to 19 d); P < 0.001 (15)§

Note: The effect of remdesivir (10-d course) by symptom duration|| (15)§:

¢ <10 d of symptoms: rate ratio, 1.28 (Cl, 1.05 to 1.57)

* >10 d of symptoms: rate ratio, 1.38 (Cl, 1.05 to 1.81)

Note: The effect of remdesivir (10-d course) by baseline
oxygenation/ventilation requirements|| (15)§:

¢ Adjusted analysis by baseline ordinal score as a stratification variable:
rate ratio, 1.31 (Cl, 1.12 to 1.54)

Clinical improvementtt (FU: 28 d) 1 RCT(237) Remdesivir 10-d course, 65.2% (103/158), vs. placebo, 57.7% (45/78); Low
ARD, 7.5% (Cl, —=5.7% to 20.7%) (18)
Time to clinical Improvementtt 1 RCT(237) Remdesivir 10-d course, median 21 d (IQR, 13 to 28 d), vs. placebo, Low
(FU: 28 d) median 23 d (IQR, 18 to 36 d); HR, 1.23 (Cl, 0.87 to 1.75) (18)

Note: The effect of remdesivir (10-d course) by symptom duration|| (18):

¢ <10 d of symptoms: remdesivir, 18 d (IQR, 12 to 28 d), vs. placebo, 23 d
(IQR, 15 to 28 d); HR, 1.52 (Cl, 0.95 to 2.43)

® >10 d of symptoms: remdesivir, 23 d, vs. placebo, 24 d; HR, 1.07 (Cl,

0.63to 1.83)
Invasive mechanical ventilation/ECMO 2 RCTs (1300) Remdesivir 10-d course, 13.8% (60/434), vs. placebo, 17.6% (72/410); Low
(FU: 28 d) ARD, —3.7% (Cl, —8.6% to 1.2%) measured at 15 d (15)§

Remdesivir 10-d course, 8.2% (13/158), vs. placebo, 12.8% (10/78); ARD,
—4.6% (Cl, =13.2% to 4.0%) (18)

Nonserious adverse events** (FU: 29 d) 1 RCT (1063) Remdesivir 10-d course, 28.8% (156/541), vs. placebo, 33.0% (172/522); Low
ARD, -4.1% (Cl, =9.7% to 1.4%) (15)§
Any adverse events** (FU: 28 d) 1 RCT (237) Remdesivir 10-d course, 65.8% (102/155), vs. placebo, 64.1% (50/78); Insufficient

ARD, 1.7% (Cl, =11.3% to 14.7%) (18)

Remdesivir (5-d Course) vs. Remdesivir (10-d Course) in Patients With Severe* COVID-19
Critical outcomes
Mortality (FU: 14 d) 1 RCT (397) Remdesivir 5-d course, 8.0% (16/200), vs. remdesivir 10-d course, 10.7% Low

(21/197); ARD, =2.7% (Cl, =8.4% to 3.1%) (17)+%

Note: Among patients receiving mechanical ventilation or ECMO at day
5/ (174

® Remdesivir 5-d course, 40% (10/25), vs. remdesivir 10-d course, 17% (7/
41); ARD, 22.9% (Cl, 0.5% to 45.3%)

* Among patients who were receiving noninvasive positive pressure
ventilation or high- or low-flow oxygen or breathing ambient air at 5 d,
treatment beyond 5 d did not improve mortality

Recovery{ (FU: 14 d) 1 RCT (397) Remdesivir 5-d course, 64.5% (129/200), vs. remdesivir 10-d course, 53.8% Low
(106/197); baseline-adjusted ARD, 6.3% (Cl, =2.8% to 15.4%) (17)tf

Hospital length of stay NA No evidence NA

Serious adverse events** (FU: 14 d) 1 RCT (397) Remdesivir 5-d course, 21.0% (42/200), vs. remdesivir 10-d course, Low

34.5% (68/197); ARD, —13.5% (Cl, —22.2% to —4.8%) (17)$+

Continued on following page
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Appendix Table 2-Continued

Outcome Study Design Evidence Certainty of
(Patients, n) Evidencet
Important outcomes
Time to recoveryl (FU: 14 d) 1 RCT(397) Remdesivir 5-d course, median 10 d (IQR, 6 to 18 d), vs. remdesivir 10-d Low
course, median 11 d (IQR, 7 d to not estimable); HR, 0.81 (Cl, 0.64 to
1.04)(17)t%
Clinical improvementtt (FU: 14 d) 1 RCT(397) Remdesivir 5-d course, 64.5% (129/200), vs. remdesivir 10-d course, 54.3% Low
(107/197); baseline-adjusted ARD, 6.5% (Cl, =2.8% to 15.7%) (17)tf
Time to clinical improvementtt NA No evidence No evidence
Invasive mechanical 1 RCT (397) Remdesivir 5-d course, 8.0% (16/200), vs. remdesivir 10-d course, Low
ventilation/ECMO (FU: 14 d) 16.8% (33/197); ARD, —8.8% (Cl, —15.2% to —2.3%) (17)+%
Nonserious adverse events** NA No evidence No evidence
Any adverse events** (FU: 14 d) 1 RCT (397) Remdesivir 5-d course, 70.5% (141/200), vs. remdesivir 10-d course, 73.6% Low

(145/197); ARD, =3.1% (Cl, =11.9% to 5.7%) (17)F

ARD = absolute risk difference; COVID-19 = coronavirus disease 2019; ECMO = extracorporeal membrane oxygenation; FU = follow-up; HR =
hazard ratio; IQR = interquartile range; MD = mean difference; NA = not applicable; RCT = randomized controlled trial.

* Within the evidence reviewed, severe COVID-19 is defined as hospitalized patients meeting =1 of the following criteria: radiographic infiltrates on
imaging, an oxygen saturation level <94% on room air, tachypnea (respiratory rate >24 breaths per minute without supplemental oxygen), or the
need for supplemental oxygen or mechanical ventilation; moderate COVID-19 is defined as hospitalized patients with radiographic infiltrates and
oxygen saturation >94% on room air; and mild COVID-19 was not defined (14).

T Statistically significant findings are in bold.

1 Certainty of evidence: insufficient, confidence is inadequate to assess the likelihood of benefit (benefit minus harm) of an intervention or its impact
on a health outcome; low, confidence in the effect is limited because the true effect may be substantially different from the estimated effect;
moderate, confidence in the effect is moderate because the true effect is probably close to the estimated effect, but a sizable possibility exists that
it is substantially different; high, confidence that the true effect is close to the estimated effect.

§ Most of the participants (88.7%) enrolled in 1 RCT (15, 18) had severe disease, so this study is analyzed as being representative of patients with
severe disease.

|| The certainty of evidence was not assessed for this comparison determined from a subgroup analysis.

91 Recovery is defined as discharge from the hospital or hospitalization for infection control purposes only in 1 RCT (15, 18) and as discharge from
the hospital or hospitalized but not requiring supplemental oxygen or ongoing medical care in 3 RCTs (17, 18).

** Serious adverse events reported in studies included in the evidence review (15-17) were acute coronary syndrome, acute kidney injury, acute
respiratory distress syndrome, acute respiratory failure, increased aminotransferase levels, atrial fibrillation, bronchitis, cardiac arrest, cardiopulmo-
nary failure, increased D-dimer, deep venous thrombosis, diabetic ketoacidosis, dyspnea, endotracheal intubation, decreased glomerular filtration
rate, hemorrhage of lower digestive tract, hypotension, hypoxia, ileus, lung abscess, mechanical ventilation, multiple organ dysfunction syndrome,
respiratory distress, respiratory failure, pneumothorax, pulmonary embolism, pulmonary failure, recurrence of COVID-19, septic shock, sepsis,
shock, tachycardia, thrombocytopenia, and viral pneumonia. Nonserious adverse events reported in studies included in the evidence review (16)
were acidosis, acute kidney injury, alkalosis, increased aspartate aminotransferase, anemia, atrial fibrillation, decreased blood albumin, increased
blood bilirubin, increased blood glucose, increased blood creatinine, deep venous thrombosis, delirium, dyspnea, decreased glomerular filtration
rate, decreased hemoglobin, hyperglycemia, hypertension, hypoalbuminemia, hypotension, hypoxia, decreased lymphocyte count, lymphopenia,
pneumonia, increased prothrombin time, pyrexia, respiratory distress, increased aminotransferase levels, and decreased urine creatinine clearance.
Any adverse events reported in studies included in the evidence review (15, 17) were acute kidney injury, acute respiratory failure, increased alanine
aminotransferase, anemia, increased aspartate aminotransferase, increased blood glucose, increased blood lipids, increased blood urea nitrogen,
constipation, hyperlipidemia, hypoalbuminemia, hypokalemia, hypotension, insomnia, nausea, increased neutrophil count, rash, respiratory failure,
increased serum potassium, reduced serum sodium, thrombocytopenia, increased total bilirubin, vomiting, and increased leukocyte count.

11 Clinical improvement is defined as a 2-point reduction in patients' hospitalization status on a 6-point ordinal scale (1 = live discharge to 6 =
death) or live discharge from the hospital, whichever came first (18), and as an improvement of at least 2 points from baseline on a 7-point ordinal
scale (1 = death to 7 = discharged from hospital) (17).

11 Patients requiring mechanical ventilation or ECMO were excluded from 1 RCT (17), so despite a few patients (3.3%) developing a requirement
for invasive mechanical ventilation between screening and the beginning of the treatment, this study is analyzed as being representative of patients
with severe disease not requiring mechanical ventilation or ECMO at baseline.
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